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EDITORIAL 


Multiple organ failure: from basic science to prevention 


Multiple organ failure is a modern epidemic, first 
described in the mid-1970s [1, 2]. This syndrome of 
multiple organ failure is both the ratson d’etre and 
the consequence of skilled intensive care medicine, 
created by our success in providing sophisticated 
organ system support to patients who, a few years 
ago, would have died rapidly from their acute 
disease. Although many of these patients now 
survive, the cost of success is high. The mortality 
from multiple organ failure increases with the 
number and duration of failing organs [3], and as 
it costs twice as much to die in an intensive care unit 
as it does to survive [4], the resources required to 
generate a survivor are considerable. For those 
patients destined to die, prognostic uncertainty 
encourages protracted organ system support [5], 
with the result that death is merely deferred at 
greater expense. The challenge for intensive care 
medicine is to develop cost-effective methods for 
improving survival rates, while reducing expenditure 
on those who ultimately will die. Efforts to identify 
patients who cannot benefit from continued support 
have not been successful, primarily because group 
probabilities cannot be used to predict outcome for 
individual patients. Similarly, the biotechnological 
approach to sepsis has consumed a considerable 
amount of venture capital with, as yet, little evident 
return on the investment. A different approach is 
needed which links the pathogenesis of multiple 
organ failure with its prevention, and with tech- 
niques to restore cellular and organ function. 

This postgraduate issue of the journal is a joint 
venture between the Intensive Care Society and the 
British fournal of Anaesthesia. The reviews consider 
the mechanisms by which organ failures occur and 
methods for limiting cellular damage and restoring 
lost function. While the factors which precipitate cell 
injury and organ failure are amenable to relatively 
simple preventative interventions, once damage has 
occurred the process becomes increasingly complex 
and self-sustaining. Natural defence systems may 
become pathologically hyperactive, or suppressed at 
different stages of critical illness, making it difficult 
to target therapies directed at the immuno- 
inflammatory cascade with any degree of accuracy or 
safety. The prevention of critical illness must become 
a priority, but to do so successfully depends on 
developing better systems for identifying patients 
at risk [6], as well as understanding the patho- 
physiology of multiple organ failure. Considerable 
research investment is needed to assess the factors 


which determine susceptibility to, and recovery 
from, this syndrome. 

In this postgraduate issue the reader will find 
views on the present state of knowledge with regard 
to cells, the gastrointestinal tract, nutrition, in- 
fection, the lung, kidney and liver and their place in 
multiple organ failure. Current therapy is outlined 
and there are clear indicators for future research. 
The busy clinician may be forgiven for wondering 
why there is little mention of the day-to-day 
problems which beset every intensive care unit; the 
“real world—coal face” issues of apparent lack of 
resources, staffing, equipment, etc. These are im- 
portant matters, but result from the unrelenting and, 
to a great extent, unregulated demand for intensive 
care. This demand cannot be met by spending more 
money alone, as was demonstrated in the USA in a 
recent budget year where 1% of its gross domestic 
product was spent on intensive care medicine. The 
return on this enormous investment was difficult to 
assess and although improvement in outcome was 
demonstrated in some areas, continued spending at 
the 1% level could not be justified. In the United 
Kingdom there is a shortage of intensive care beds 
brought recently to public attention by a number of 
patients ferried around the country seeking a bed 
under the full glare of the media spotlight. These 
events led to a Government commitment to consider 
more resources for intensive care. Nevertheless, it is 
unlikely that these will be sufficient to satisfy the 
current demand; indeed the American experience 
suggests that even unlimited resources would not be 
cost-effective unless carefully targeted. This issue of 
the journal should, at the very least, be helpful for 
the clinician in deciding where scarce resources 
should best be spent as they become available. 

As intensive care medicine progresses towards 
independent specialty status, this is perhaps an 
opportune moment to acknowledge the substantial 
contribution which anaesthesia has made both to the 
service and science of intensive care medicine. We 
hope that the good relationships which exist between 
intensive care medicine and all the other major 
disciplines will foster further collaborative activities 
of this type, with a particular emphasis on drawing 
together clinical research with the basic sciences. 

JULIAN BION 
Intensive Care Society 
L. STRUNIN 
Postgraduate Editor 
British Journal of Anaesthesia 
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Mechanisms of cell injury and death 


J. P. Coss, R. S. Hotcuxiss, I. E. KARL AND T. G. BUCHMAN 


Control of the rate of cell death relative to the rate of 
cell division maintains organ integrity and physio- 
logical homeostasis. Cell death is valuable for the 
organism because it removes terminally injured or 
unwanted cells that utilize valuable substrates and 
nutrients. Likewise, cell death also has value for the 
- species, as it provides a mechanism for eliminating 
terminally injured individuals who consume necess- 
ary societal resources or harbour toxic pathogens. 
Recent advances in cellular biology have contributed 
substantially to our understanding of the processes 
of cell injury and death, and have provided the 
molecular tools necessary to control it. This paper 
reviews cell injury and adaptation; mechanisms of 
cell death; the roles of cell injury and death in the 
pathophysiology of organ dysfunction; and implica- 
tions for prevention and therapy of multiple organ 
dysfunction syndrome (MODS). 


Cell injury and adaptation 


Cell injury occurs as a result of physical, chemical or 
biological insults or as a result of vital substrate 
deficiency (table 1). The cellular response to these 
injuries is adaptive, designed to restore homeostasis 
and protect the cell from further injury. Although 
characteristic changes in gene transcription occur, it 
is not the relative amount but the pattern of 


transcription that changes, with emphasis directed . 


towards transcription of “vital” genes. The 
responses induced by cellular injury fall into four 
main patterns: the ischaemic/anoxic, oxidative, heat 
shock and acute phase responses. These are reviewed 
briefly below. 


ISCHAEMIC/ANOXIC STRESS RESPONSE [13] 


Because of the unusual high efficiency of the 
cardiopulmonary system to transport oxygen, cells in 
higher animals have not developed elaborate cellular 
pathways to adapt to hypoxia and are thus relatively 
sensitive to ischaemia [13, 18]. As a consequence, 
lack of oxygen dramatically increases the need for 
anaerobic glycolysis to maintain intracellular ATP 


(Br. J. Anaesth. 1996; 77: 3—10) 


Key words 


Cells, apoptosis. Cells, necrosis. Celis, death. Complications, 
sepsis. 


reserves. The associated changes in gene expression 
include decreased total protein synthesis, induction 
of hypoxia-associated proteins (e.g. glyceraldehyde- 
3-phosphate dehydrogenase, a glycolytic enzyme), 
induction of the heat shock response (see below), and 
induction of glucose-regulated proteins. If these 
changes are inadequate to prevent ATP depletion, 
membrane ion pumps fail and membrane integrity is 
lost. Increased intracellular Ca?* occurs and a variety 
of degradative processes are initiated, leading to 
cytoplasmic swelling and eventual cell death. 


OXIDATIVE STRESS RESPONSE [9] 


Agents that provoke oxidative injury include pro- 
ducts of oxidative metabolism (especially from the 
mitochondria) and those released from activated 
phagocytes. Collectively, they are called reactive 
oxygen species (ROS), and include superoxide, hy- 
drogen peroxide, hydroxyl radical (the generation of 
which depends on availability of ferrous ion and 
superoxide) and nitric oxide. Iron, which is essential 
for DNA synthesis and oxidative metabolism, also 
catalyses the Fenton and Haber-Weiss reactions, 
converting superoxide to molecular oxygen and 
hydrogen peroxide to the hydroxyl radical. Under 
normal conditions, free iron is compartmentalized 
by the protein ferritin, which ‘‘protects”’ the cell by 
keeping iron in a non-reactive crystallized core as 
ferric ion (Fe*+). The results of the oxidative 
reactions of ROS include de-energization of mito- 
chondria and loss of energy stores, peroxidation and 
disruption of lipid membranes, and direct DNA 
damage. 

The adaptive response of the cell to oxidative 
stress includes both enzymatic and non-enzymatic 
capacities and induction of oxidative stress response 
proteins [9]. Superoxide dismutase reduces super- 
oxide to molecular oxygen and hydrogen peroxide; 
catalase catalyses the conversion of this hydrogen 
peroxide to oxygen and water. Reduced glutathione 
(which reacts with hydrogen peroxide in the presence 
of glutathione peroxidase to form water and oxidized 
glutathione), vitamin C and vitamin E constitute the 
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Table 1 Mechanisms of cell injury 


(1) Physical 
(a) ionizing radiation 
(b) temperature 
(c) mechanical trauma 
(2) Chemical 
(a) drugs 
(b) poisons 
(3) Biological 
(a) enzymes 
(b) cytokines 
(c) viral infection 
(d) cell-mediated 
(4) Critical substrate deficiency 
(a) oxygen ; 
(b) glucose 


major intracellular reducing (non-enzymatic) agents. 
Several proteins are induced under oxidative stress, 
the most important of which may be metallothionein, 
which binds not only heavy metals but also ROS via 
the free sulphydryl groups of its many cysteine 
residues. ROS also activate the transcriptional 
factors AP-1 and NFxB, both of which promote 
transcription of cytokines and have been associated 
with induction of apoptotic cell death (see below). If 
these adaptive responses are inadequate to prevent 
depletion of cellular glutathione, then cell protein 
thiol groups become the remaining reducing agents, 
leading to loss of critical enzymatic function and cell 
death. 


HEAT SHOCK RESPONSE [10, 20] 


The highly conserved cellular response to heat, 
known as the heat shock response, is associated with 
induction of heat shock proteins (HSP). The most 
extensively studied are the HSP 70 family, which 
includes stress-induced HSP 72. Interestingly, HSP 
also are induced by a variety of other cellular insults, 
including ischaemia/reperfusion, oxidative stress, 
exposure to heavy metals (e.g. arsenite) and in- 
fection. For this reason, the heat shock response is 
called simply the “stress response”, and HSP are 
known as “‘stress proteins”. Control of HSP tran- 
scription is mediated by heat shock element ac- 
tivation in the heat shock protein promoter region. 
HSP aid in the proper folding of newly translated 
proteins, and are referred to as “molecular chaper- 
ones”. Increased production of HSP is believed to 
provide an adaptive advantage to stressed cells by 
increasing the fidelity of protein synthesis and aiding 
refolding of damaged or denatured proteins. 


ACUTE PHASE RESPONSE [26] . 


Although “‘acute phase response” can refer to the 
response of any tissue to injury, its use is commonly 
restricted to the dramatic change in the pattern of 
hepatocyte protein synthesis. The most important 
stimuli are interleukin 1 (IL-1), tumour necrosis 
factor (TNF), and IL-6, products of macrophage/ 
monocyte activation. The hepatocyte response to 
these cytokines is an outpouring of plasma proteins 
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that function to maintain the homeostasis of the 
organism. They include C-reactive protein, fibrino- 
gen, complement, the metal binding proteins hapto- 
globin and ferritin, and plasminogen activator in- 
hibitor and many others. The acute phase response 
(activation) of endothelial cells includes increased 
surface expression of adhesion, selectin and integrin 
molecules that facilitate leucocyte adhesion and 
release of IL-1, IL-6, IL-8 and platelet activating 
factor (PAF). 


Mechanisms of cell death 


If the genetic and metabolic adaptive responses 
described above are inadequate for a given injury, 
the cell will die. Increased interest in the mechanisms 
responsible for cell death, however, has made it clear 
that morphological classification of cell death 
requires revision. At least two types of cell death 
have been described. In the first, cell damage is 
manifested by cytoplasmic swelling, plasma mem- 
brane blebbing, dilation of the endoplasmic reticu- 
lum and mitochondria, dissolution of chromatin and, 
finally, interruption of membrane integrity. The 
other, less frequently observed type of cell death was 
described by Kerr [16] and called shrinkage necrosis. 
It is manifested by cytoplasmic shrinkage, larger 
plasma membrane buds and nuclear chromatin 
condensation. Both types of cell death result in the 
generation of necrotic debris that is engulfed by 
phagocytic cells. 


TERMINOLOGY 


The morphological changes described above are not 
restrictive. Nuclear condensation and mitochondrial 
swelling, for example, have been observed in both 
swelling and shrinkage types of cell death. There is 
also clear evidence of significant overlap between 
them at the molecular level (see below) [11, 14, 18]. 
Moreover, there is considerable imprecision in the 
literature regarding the terminology of cell death. 
Historically, necrosis has been the term used to refer 
to cell death in general. The term apoptosis (coined 
by Kerr, Wyllie, and Currie from the Greek word 
meaning ‘‘ dropping off”, as in leaves dropping from 
a tree [17]) is now used specifically to describe death 
manifested by cell shrinkage. Apoptosis is respon- 
sible for the ordered, normal cell death of intestinal 
epithelial cells and blood neutrophils. 

Programmed cell death, which refers to the ordered 
death of cells during embryogenesis, however, is also 
characterized by cell shrinkage. Apoptosis and 
programmed cell death are frequently, but in- 
correctly, used interchangeably. The question of 
what to call non-apoptotic cell death has been 
problematic. Necrosis, a leading contender, is also 
used to refer to the process of removal of the cellular 
remains of apoptosis (so-called ‘“‘post-apoptotic 
necrosis” [18]) [11, 32]. This degree of imprecision 
led Farber recently to remark that ‘‘there is no field 
of basic cell biology and cell pathology that is more 
confusing and unintelligible than is the area of 
apoptosis versus necrosis” [11]. Consequently, several 
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Figure 2 Micrographs 
B, caecal ligation and puncture) mice photographed using the fluorescent TUNEL (terminal deoxynucleotidyl 
transferase-mediated dUTP nick end-labelling) technique. Cells are permeabilized and treated with fluorescein 
labelled dUTP and terminal deoxynucleotide transferase. Note that in the control mice, all nuclei appear dark (A 
In contrast, nuclei of septic mice (B) are fluorescent, consistent with DNA strand breaks and apoptosis. 


authors have reviewed this subject in an attempt to 
standardize terminology and separate the process 
from the morphology of cell death [11, 14, 15, 18]. 


PROCESS OF CELL DEATH 


From a pathological standpoint, it is important to 
distinguish between the process of cells dying per se 
from the changes that occur in cells after death [11, 
18]. Majno and Joris [18] have characterized the 
process of cell death as (1) cell death by ischaemia, (2) 
cell death by accident, or (3) cell death by suicide. 
Accidental cell death is used to describe death as a 
result of an external agent or toxin. Both cell death 
secondary to ischaemia and accident are usually 
characterized morphologically by cell swelling. In 
this type of cell death, interference with ATP 
generation secondary to hypoxia or toxin-induced 
increases in plasma membrane permeability produce 
membrane failure. Reversible consequences of injury 
include cytoplasmic blebbing, nuclear chromatin 
condensation, dilation of the endoplasmic reticulum, 
condensation then swelling of mitochondria and 
activation of stress response genetic programmes 
described above). Continued injury results in inter- 


ruptions of membrane integrity, dissolution of 


chromatin, and calcifications within mitochondria, 
all of which are signs of irreversible cell injury and 
death. Majno and Joris [18] have suggested the term 
oncosis, from the Greek word meaning “‘swelling”’, 
for this type of cell death. Necrosis is the mor- 
phological term used for the cellular debris re- 
maining after either oncosis or apoptosis [18]. 


x 360 magnification) of murine thymocytes from normal (A, sham laparotomy) and septic 


Death by suicide refers to the process of cell death 
in which injury activates a highly conserved pro- 
gramme of “suicide” genes that engineer death of 
the cell. This process typically results morpho- 
logically in apoptosis. Interest in cell death by 
suicide (apoptosis) has gained considerable momen- 
tum recently as the disorders associated with apop- 
totic cell death have expanded to include cancer, 
autoimmunity, inflammation, infection, AIDS, 
neurodegeneration and myelodysplasia [31]. The 
molecular trigger responsible for induction of apop- 
tosis is incompletely defined, but appears to be 
present in all mammalian cells at all times and is 
conserved across species. Not surprisingly, induction 
of apoptosis is tightly controlled. Several regulatory 
genes have been identified, including the Bcl-2 
family, p53 and Fas [21, 25]. The molecular ma- 
chinery responsible (the ‘‘executioner”’’) includes a 
cysteine protease (CPP-32 in mammals) that may 
inactivate DNA repair enzymes [19, 23, 35]. The 
cellular changes characteristic of apoptosis include a 
“flip” of phosphatidylserine from the inside to the 
outside surface of the cell membrane [33], cyto- 
plasmic shrinkage, little or no swelling of organelles 
mitochondria), membrane budding and fragmen- 
tation that include mitochondria or nuclear frag- 
ments, and chromatin condensation consisting of 
DNA fragments. These membrane changes lead to 
rapid recognition and cell elimination by neigh- 
bouring phagocytes, which may make apoptotic cells 
difficult to locate using conventional microscopic 
techniques. The techniques that are used to detect 
apoptosis include light and electron microscopy (fig. 
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Figure 3 Normal cultured porcine aortic endothelial cells 
dye Hoechst 33342. The nuclei are smooth and ovoid. Nuclei from cells challenged with endotoxin followed by 


arsenite are compact and fragmented (‘‘apoptotic bodies”, B, 


Table 2 Comparison of characteristics of oncosis and apoptosis 


A, x 360 magnification) stained with nuclear binding 


x 360 magnification 





Oncosis—death by swelling 


Apoptosis—death by shrinkage 





1) Swelling of organelles and cytoplasm 


> 


2) Small dense chromatin clumps which are not sharply 
defined 

3) Swelling and eventual disintegration of organelles (e.g 
mitochondria and endoplasmic reticulum 

4) Early focal disruption of the plasma membrane with 

blebbing 


5) DNA agarose gel electrophoresis demonstrates smear 
pattern indicative of randomized breakdown 

(6) Cells rupture and contents are released causing 

inflammatory response 





1), end-labelling of DNA fragments (fig. 2), DNA 
agarose gel electrophoresis and binding of nuclear- 
specific dyes (fig. 3). 

Despite the relatively clear distinction which can 
be made morphologically (oncosis versus apoptosis 
is compared in table 2), examination at the 
molecular level demonstrates considerable overlap. 
For example, both oncosis and apoptosis have been 
associated with increases in intracellular Ca**, which 
activate a number of enzymes including phospho- 
lipases, endonucleases, proteases and protein kinases. 
In addition, the adaptive response to ischaemic, 
inflammatory, oxidant and heat-induced stress in- 
volve changes in gene expression that are shared by 
both types of cell death. Further, the same type of 


1) Shrinkage of cytoplasm 


2) Large, dense, often crescent-shaped aggregates of 
chromatin and nuclear fragmentation 


Organelles maintain structural integrity 


4) Plasma membrane maintains integrity early; later stage 
characterized by budding of membrane, frequently 
containing organelles 

5) DNA agarose gel electrophoresis demonstrates ‘ladder’ 
pattern of discrete internucleosomal breakdown 

6) Cells are either ingested whole by phagocytic cells, or they 
break into membrane-bound fragments (apoptotic bodies 
which then are ingested 








injury can result in cell death by either mode. 
Indeed, Kerr’s original description of apoptosis 
“shrinkage necrosis”) was based upon differ- 
entiation of shrunken necrotic cells from the more 
common swollen necrotic cells in ischaemic liver 
tissue [16]. 


Pathophysiology of organ dysfunction 


Studies of cellular responses in vivo indicate that 
injury activates the programmes of stress gene 
expression reviewed above. For example, the hepato- 
cellular response to ischaemic injury in a porcine 
model of MODS includes activation of the acute 
phase, oxidative, and heat shock responses [7]. In 
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contrast, neighbouring hepatic endothelial cells in 
this model did not stain for heat shock gene 
expression (i situ hybridization), suggesting that 
there are cell-specific differences in the genetic 
response to similar injury. A subsequent investi- 
gation conducted im vitro under more controlled 
conditions explored the time-course and interaction 
of these cellular stress responses. Human hepato- 
blastoma (HepG2) cell lines were treated with 
inducers of the acute phase response (IL-1 and 
TNF) and heat shock responses separately and in 
combination. The results indicated that shock- 
induced expression of these responses were distinct, 
exclusive and prioritized [6]. Specifically, the heat 
shock stress response, the most primitive and highly 
conserved of stress gene responses, was capable of 
extinguishing expression of other genetic pro- 
grammes [5, 28]. These data suggest that hepatocyte 
injury of sufficient severity to trigger the heat shock 
response can prevent production of system-stabil- 
izing acute phase proteins and other adaptive 
responses. The liver’s response to such a systemic 
injury, from the host’s perspective, would appear to 
be inadequate and indicative of failure. Hepatic 
dysfunction in this model of MODS, thus, would 
result from execution of primitive, protective genetic 
responses that give individual cells priority over the 
organism. 

The sequence of stress gene programme activation 
also appears to be important. In one in vitro model, 
the endothelial cell response to arsenite, an inducer 
of the heat shock response, and to endotoxin, an 
inducer of the acute phase response, were studied. 
The results indicated that induction of the heat 
shock response could protect against endotoxin- 
induced cytotoxicity, but reversing the order— 
endotoxin challenge followed by induction of the 
heat shock response—increased cell death by apop- 
tosis [5]. The effect of the heat shock response was 
not the result of a detrimental effect of the heat shock 
proteins themselves, but rather to the heat shock- 
induced inhibition of further protein synthesis [5]. 
An important hypothesis drawn from these data is 
that two independent programmes of stress gene 
expression can interact, depending on the sequence, 
to either protect the cell or trigger cell death by 
suicide (apoptosis). This may explain the absence of 
endothelial cells expressing heat shock proteins after 
shock in vivo ([7], discussed above), as endothelial 
cell apoptosis may have resulted in their subsequent 
removal by phagocytes before in situ staining. Thus, 
endothelial cell dysfunction and death in this model 
result from the adverse interaction of two usually 
beneficial patterns of stress responses. The mech- 
anism responsible may involve alterations in the 
cellular redox potential and changes in nuclear 
transcription factor activity [unpublished observa- 
tions]. For example, in the cultured endothelial cell 
model, reducing agents such as N-acetyl-L-cysteine 
and dithiothreitol block induction of endotoxin/ 
arsenite-induced endothelial cell apoptosis, impli- 
cating ROS in the induction of apoptotic cell death 
[1, 2]. This raises the possibility that the adaptive 
response produced by oxidative stress could modu- 
late the interaction of the acute phase and heat shock 
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responses, and may participate in determining the 
fate of the cell. 

Apoptosis may also contribute to failure of organs 
in other settings, in particular, septic shock. Injection 
of Gram-negative or Gram-positive bacteria [34], 
endotoxin [34, 36], or caecal ligation and puncture 
[4] induced apoptosis in rodent thymocytes. Zhang 
and colleagues [36] reported that mice injected with 
lipopolysaccharides had apoptosis not only in the 
thymus, but also in the spleen, bone marrow and 
endothelial cells. Norimatsu and associates injected 
swine intravenously with 0.5 mg kg"! Escherichia coli 
endotoxin and noted that cells in both thymus and 
mesenteric lymph nodes underwent apoptosis [24]. 
In a recent report, Rogers and colleagues demon- 
strated apoptosis in the liver of mice infected with 
Listeria monocytogenes [27]. Apoptosis has also been 
reported in rabbit heart [12] and rat kidney [29] after 
ischaemia/reperfusion injury. Collectively, these 
investigations suggest that apoptotic cell death may 
be a principal mechanism responsible for organ 
dysfunction and death as a consequence of shock- 
induced injury. 


Conclusions—from basic science to therapy 
and prevention 


Cell injury occurs as a result of physical, chemical or 
biological insults or from vital substrate deficiency. 
These insults induce expression of adaptive stress 
response gene programmes that include the 
ischaemic/hypoxic stress, oxidative stress, heat 
shock and acute phase responses. If the severity of 
the injury exceeds the ability of the cell to adapt, 
then cell death occurs. The processes of cell death 
include cell death by ischaemia, accident or suicide. 
Morphologically, ischaemic and accidental deaths 
are usually manifested by cytoplasmic swelling 
(oncosis) and suicidal cell death by cytoplasmic 
shrinkage (apoptosis). However, this terminology 
lacks precision, as some “‘accidental”’ causes of cell 
death, such as heat, can also induce apoptosis [18]. 
The molecular machinery responsible for cell death 
and the boundaries between apoptosis and other 
modes of cell death remain to be determined [14]. 

The sequence and interaction of the acute phase, 
heat shock and oxidative stress responses appear to 
be a determinant of the fate of the cell. The pattern 
of cell responses is injury- and tissue-dependent and 
may help to explain differences in the course and 
nature of organ failure. Specifically, it appears that 
stimuli sufficient to trigger the heat shock response 
can precipitate cell (and organ) failure by blocking 
initiation of other programmes of stress gene ex- 
pression (e.g. the system stabilizing acute phase 
response of hepatocytes). In other cells (e.g. the 
endothelium), the sequence of acute phase followed 
by heat shock response may result directly in 
apoptotic cell death. The function of shock-induced 
apoptosis is not known, but it may contribute to 
control of immune cell proliferation in thymus, 
spleen, bone marrow, and lymph nodes and modu- 
lation of the inflammatory response. 

MODS is the result of cellular responses to a 
stimulus of either enormous magnitude or distri- 
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bution. The stimulus itself frequently does not result 
directly in cell death, but rather the magnitude of the 
appropriate response from stimulated cells collec- 
tively is injurious to the organism. For instance, 
small doses of i.v. lipopolysaccharide (endotoxin) in 
humans are not directly cytotoxic, but lead to the 
release of the intercellular mediators, such as cyto- 
kines, that amplify the stimulus and trigger organ 
dysfunction [30]. Unfortunately, attempts to at- 
tenuate the magnitude of this response by attacking 
the circulating mediators themselves (e.g. anti- 
endotoxin and anti-cytokine therapies) have failed to 
improve patient survival in randomized, prospective 
trials [22]. These negative data forced a broad re- 
examination of the treatment strategies for the 
systemic inflammatory response syndrome (SIRS) 
and MODS and a change in focus from extracellular 
signals (i.e. the mediators) to the intracellular 
responses to these signals [8]. Recent symposia have 
addressed this important issue (e.g. ““The Future of 
Sepsis Research”, August 1995, Bethesda, MD, 
USA, sponsored by the American College of Chest 
Physicians, National Institute of Allergy and In- 
fectious Disease, National Heart, Lung, and Blood 
Institute and National Institutes of Health, USA). 


A NEW THERAPEUTIC STRATEGY: MODULATION OF 
CELLULAR RESPONSES TO INJURY 


In summary, the data presented above are consistent 
with a new hypothesis on the cellular origin of 
MODS, one that has emerged as a result of a change 
in focus from the extracellular to the intracellular 
response to injury. They suggest that there are 
distinct, exclusive, and prioritized genetic pro- 
grammes expressed in response to cell injury that are 
specific to cell type and injury. The effects of these 
stress response gene programmes are usually cyto- 
protective, but when activated in sequence, they can 
precipitate apoptotic cell death. Recent success in 
modulating induction of apoptosis with reducing 
agents [1], anti-oxidants [2], inhibitors of protein 
synthesis [5], anti-TNF antibody [34] and steroid 
antagonists [3] suggests that pharmacological control 
in the clinical setting is possible. A complete 
understanding of the type, sequence, interaction and 
impact of stress gene responses to injury will form 
the basis for novel gene-directed therapy for the 
treatment and prevention of MODS. 
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The immuno-inflammatory cascade 


H. F. GALLEY AND N. R. WEBSTER 


Severe sepsis complicated by multi-organ dysfunc- 
tion syndrome (MODS) is a major cause of death in 
intensive care units, with a mortality rate in excess of 
50%. The outcome is determined not only by the 
infection but also by the intensity of the immuno- 
inflammatory response. This response is essential for 
the resolution of infection but may occur in an 
uncontrolled manner causing damage to the host. 
The pronounced synergy and interaction of the 
components of the immune system dictate that 
modulation may result in either immunostimulation 
or immunosuppression. Coordination of the host 
immune response to infection and inflammation in 
terms of expression of the effector molecules is vital 
to an optimum response (Fig. 1). 


Innate and acquired immunity 


Mediators of immunity and inflammation (families 
of protein and lipid molecules) are part of an 
intercellular signalling language which allows cells/ 
tissues/organs to take in new information and, 
based on past experience, decide what to do next. 
‘There are essentially two components to the immune 
response—innate (non-specific) and acquired 
(antibody-mediated) immunity. 

The body possesses a range of barriers to prevent 
micro-organisms from entering, including the skin, 
mucous secretion, ciliary action and gastric acid. If 
these barriers are crossed micro-organisms are 
destroyed by soluble factors such as lysozyme and by 
phagocytosis with intracellular digestion (termed 
innate immunity). The complement system is a 
multi-component triggered enzyme cascade which 
attracts phagocytes to micro-organisms increasing 
capillary permeability and neutrophil chemotaxis 
and adhesion. Specific acquired immunity in the 
form of antibodies inactivates micro-organisms 
which are not destroyed by the innate immune 
system. Such micro-organisms either fail to activate 
the complement pathway or prevent activation of 
phagocytes. The cells involved in innate immunity 
include “professional” phagocytes (polymorpho- 
nuclear neutrophils, mast cells and macrophages) 
and ‘non-professional’? phagocytes (endothelial 
cells and hepatocytes). Cells infected with viruses 
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and parasites are killed by large granular lympho- 
cytes termed natural killer (NK) cells, and 
eosinophils. 

Acquired immune defences against specific micro- 
organisms (antigens) form the second component of 
the immune response. Antibodies activate the comp- 
lement system, stimulate phagocytic cells and speci- 
fically inactivate micro-organisms. Lymphocytes, 
the basis of the acquired immune defence system, 
consist of antibody-producing plasma cells derived 
from B-lymphocytes, and T-lymphocytes which 
control intracellular infections. Binding of micro- 
organisms to antibodies on the cell surface of B-cells 
leads to preferential selection of these antibody- 
producing cells. This is termed priming, and sub- 
sequent responses are faster and amplified, and 
provide the basis of vaccination, T-cells exploit two 
main strategies to combat intracellular infections— 
secretion of soluble mediators which activate other 
cells to enhance microbial defence mechanisms, and 
production of cytolytic T-cells which kill the target 
organism. Adaptive selection of specific T-cell 
subsets occurs in response to local balance of 
cytokine concentrations [12]. 


Cytokines 


Orchestration of immune and inflammatory re- 
sponses depends upon communication between cells 
by soluble molecules given the generic term cyto- 
kines, including chemokines, interleukins (IL), 
growth factors and interferons (IFN). They are low 
molecular weight secreted proteins which regulate 
both the amplitude and duration of the immune/ 
inflammatory responses (table 1). They have a 
transient action which is tightly regulated. Cytokines 
are highly active at very low concentrations, com- 
bining with small numbers of high affinity cell 
surface receptors and producing changes in the 
patterns of RNA and protein synthesis. They have 
multiple effects on growth and differentiation in a 
variety of cell types with considerable overlap and 
redundancy between them, partially accounted for 
by the induction of synthesis of common proteins. 
Interaction may occur in a cascade system in which 
one cytokine induces another, through modulation 
of the receptor of another cytokine and through 
either synergism or antagonism of two cytokines 
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Figure 1 Schematic diagram showing the interaction between monocytes, macrophages, activated T-cells and B- 
cells during the immuno-inflammatory response. (GM-CSF, granulocyte-macrophage colony stimulating factor; 
Ig, immunoglobulin; IL-la, interleukin la; IL-1f, interleukin 18; IL-lra, interleukin 1 receptor antagonist; 
IL-IR1, interleukin 1 receptor type I; IL-1R2, interleukin 1 receptor type II; IL-2, interleukin 2; LPS, 
lipopolysaccharide; TCR, T-cell receptor; TNFa, tumour necrosis factor a.) 


acting on the same cell. Cytokines should not be 
considered as having identifying labels for being 
growth stimulators or inhibitors and pro- or anti- 
inflammatory actions. Their specific actions depend 
on the stimulus, the cell type and the presence of 
other mediators and receptors. 

Chemokines are a family of small, pro- 
inflammatory molecules characterized by four con- 
served cysteine residues. The a-chemokines have 
two pairs of cysteine residues separated by a variable 
amino acid and chemoattract neutrophils (e.g. inter- 
leukin 8, platelet basic protein, epithelial neutrophil 
activating peptide) whereas B-chemokines have two 
adjacent pairs of cysteine groups and are chemotactic 
for monocytes/macrophages (e.g. platelet factor 4, 
monocyte chemotactic protein 1, macrophage inflam- 
matory protein 1) and T-cells (e.g. RANTES). 
Chemokines have been described as having more 
restricted actions than cytokines, but this is more 
likely to be the result of differential expression of 
receptors [9]. Interferons (IFN «a, P, y) are a family 
of broad spectrum antiviral agents which also 
modulate the activity of other cells, particularly IL- 
8 and platelet activating factor (PAF) production, 
antibody production by B-cells and activation of 
cytotoxic macrophages [5]. Growth factors regulate 


the differentiation, proliferation, activity and func- 
tion of specific cell types [17]. The best known are 
colony stimulating factors which cause colony forma- 
tion by haematogenic progenitor cells (e.g. 
granulocyte-macrophage colony stimulating factor 
or GM-CSF). Other examples include factors which 
regulate the growth of nerve cells, fibroblasts, 
epidermis and hepatocytes. 

In addition to the low molecular weight protein 
mediators, there are also lipid mediators of inflam- 
mation which include PAF and arachidonic acid 
metabolites. Platelet activating factor is a labile alkyl 
phospholipid released from a variety of cells in the 
presence of antigen and leucocytes in response to 
immune complexes. In addition to its platelet effects, 
the actions of PAF include the priming of macro- 
phages to other inflammatory mediators and alter- 
ations of microvascular permeability [11]. Arachi- 
donic acid metabolites include the prostaglandins, 
leukotrienes, HETE and HPETE, all of which have 
profound inflammatory and vascular actions, and 
may regulate and be regulated by, other cytokines. 

Tumour necrosis factors (TNF) a and B have a 
vast range of similar effects and are usually referred 
to as inflammatory cytokines [2]. They have a central 
role in initiating the cascade of other cytokines and 
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factors that make up the immune response to 
infection. The wide variety of effects is attributable 
to the ubiquity of their receptors, their ability to 
activate multiple signal transduction pathways and 
their ability to induce or suppress an array of genes 
including those for growth factors, cytokines, tran- 
scription factors, receptors and acute phase proteins. 
Although both TNFs have similar biological activi- 
ties, regulation of the expression and processing of 
the two is quite different. 


Control of adaptive T-cell selection 


The major histocompatibility complex (MHC) in- 
cludes genes encoding class I and II cell surface 
glycoproteins whose function is to present antigenic 
peptides to T-cells. Regulation of MHC gene 
expression, e.g. by cytokines (table 1), plays a 
fundamental role in the immune system, since 
alterations of cell surface expression of class I or II 
molecules can affect the efficiency of antigen pres- 
entation. T-lymphocytes consist of two subsets: T 
helper (Th)-cells which recognize class II MHC 
molecules and which produce IFNy and other 
macrophage-activating factors; cytotoxic or killer T- 
cells which recognize both specific antigens and class 
I MHC molecules on the surface of infected cells. 

Circulating Th-cells are capable of unrestricted 
cytokine expression and are prompted into a more 
restricted and focused pattern of cytokine production 
depending on signals received at the outset of 
infection [12]. Th-cells can be classified according to 
the pattern of cytokines they produce. Th1 category 
cells secrete a characteristic set of cytokines which 
push the system towards cellular immunity (cellular 
cytotoxicity). Th2-cells are associated with humoral 
or antibody-mediated immunity. Typically Thl- 
cells secrete IL-2, IFNy, TNFR and transforming 
growth factor B (TGFB) whereas the Th2-cells 
secrete IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13 
and also help B-cell antibody production. Both cell 
types produce IL-3, TNFa and GM-CSF. Inter- 
leukins 12 and 4 have been identified as early 
inducers of Th1 and Th2 responses respectively, and 
therefore the local balance of these cytokines is an 
important determinant of subsequent immune re- 
sponses. Understanding the influence of antigen- 
independent cytokine production on the subsequent 
acquisition of adequate immune responses to an 
infection is clearly important. 


Receptors and antagonists 


The biological activities of cytokines are regulated 
by specific cellular receptors. Often these receptors 
comprise multiple subunits providing phased stages 
of activation and biological action. For example, the 
IL-2 receptor complex consists of three subunits, 
IL-2Ra, IL-2RB and IL-2y. Although the IL- 
2Ra/B combination can bind IL-2, IL-2Ry is also 
required for high affinity binding, ligand intern- 
alization and signalling which are required for 
maximal effect [14]. Other cellular receptors exist in 
more than one type which act alone but have different 
binding affinities for different forms of a cytokine 


13 


protein (e.g. IL-1 receptor type I binds IL-« better 
than IL-1B, and IL-1 receptor type II has more 
affinity for IL-8). Binding of a cytokine to one type 
of receptor may result in interactions with another 
receptor; the two receptors for TNF, for example, 
use ligand passing in which TNF binds transiently 
to receptor type I, with full signal transduction, but 
may then move onto the type II receptor with 
activation of another signal for apoptosis or pro- 
grammed cell killing [20]. 

Soluble cytokine receptors have been identified 
which compete with membrane-bound receptors, 
thus regulating cytokine signals. Exceptions to this 
are soluble receptors for IL-6 and ciliary neuro- 
trophic factor which act as agonists rather than 
antagonists [19]. Such soluble receptors may be 
membrane-bound receptors which are shed into the 
circulation either intact or as truncated forms (e.g. 
soluble TNF receptors, sT NF-R), or may begin as 
related precursor molecules which are enzymatically 
cleaved (e.g. IL-1R). Soluble receptors may appear 
in response to stimuli as part of a naturally occurring 
independent regulatory process to limit the del- 
eterious effects of a mediator (e.g. sTNF-R), but 
some soluble receptors have little binding activity 
and may represent superficial and unimportant losses 
of cellular receptors (e.g. the soluble form of the IL- 
2Ra). Soluble cytokine receptors not only mediate 
biological activity but control desensitization to 
ligands by reduced availability, decreased signalling 
and by stimulating cellular mechanisms which can 
result in lack of activity. 

The biological actions of some cytokines are also 
regulated by receptor antagonists. The receptor 
antagonist for IL-1 (IL-lra) competes with cell 
receptors for IL-1, but when bound does not induce 
signalling. IL-1ra binds to cell receptors much more 
avidly than to soluble receptors, such that soluble 
receptors will have little effect of the inhibitory 
action of the receptor antagonist. The soluble 
receptor also inhibits activation of the pro-IL-1f 
precursor. The appearance of IL-Ira is indepen- 
dently regulated by other cytokines as part of the 
inflammatory process [4]. 


Mechanisms of multi-organ failure 


Severe infection leads to the appearance of endotoxin 
or lipopolysaccharide (LPS) in the bloodstream 
which triggers the innate immune responses such as 
activation of phagocytic cells and activation of the 
alternative complement cascade, leading to the 
production of the primary pro-inflammatory me- 
diators, TNF and IL-1. Secondary mediators in- 
cluding other cytokines, prostaglandins and PAF are 
then released, with further activation of complement 
and the acute phase response, expression of adhesion 
molecules, T-cell selection, antibody production and 
release of oxygen-derived radicals [3, 7, 21]. Other 
toxins and cellular debris must also trigger such a 
systemic inflammatory response, since this process 
occurs in the absence of LPS release. 

Local effects of the inflammatory response are 
essential for the control of infection. Prolonged 
systemic exposure to high concentrations of cyto- 
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Table I Sources and biological effects of the immune mediators (ARDS, acute respiratory distress syndrome; GM-CSF, 
granulocyte-macrophage colony stimulating factor; G-CSF, granulocyte-colony stimulating factor; IFN, interferon; IgA, 
immunoglobulin A; IgG, immunoglobulin G; IL, interleukin; IL-1ra, interleukin 1 receptor antagonist; MHC, major 
histocompatibility complex; mRNA, messenger RNA; NK, natural killer cells; NO, nitric oxide; NOS, nitric oxide synthase; ODFR, 
oxygen-derived free radicals; PAF, platelet activating factor; Pg, prostaglandin; TGF, transforming growth factor; TNF, tumour 
necrosis factor.) 








Effects on other cells 





Macrophages (increases class I MHC antigens, 
IL-1, PAF production); B-cells 
(proliferation, differentiation); T-cells 
(proliferation); chemotactic. 


Macrophages (increases class I MHC antigens, 
IL-1, PAF production, downregulates IL-2 
mediated IL-8 mRNA); B-cells (proliferation 
and differentiation); chemotactic for 
monocytes; stimulates formation of adhesion 
molecules. 


Wide variety of effects due to ability to 
mediate expression of genes. Important role 
in host resistance to infection as immuno- 
stimulant and mediator of the inflammatory 
response. Promotes haematopoiesis. 
Important role in intercellular 
communication. 

Macrophages (TNF and IL-6 production); B- 
cells (proliferation, differentiation; T-cells 
(proliferation) chemotaxis; formation of 
adhesion molecules; haematopoiesis. 

B-cells and T-cells (proliferation, 
differentiation, release of IgG from activated 
B-cells); chemotaxis; augments neutrophil 
and macrophage function; formation of 
adhesion molecules. 


Macrophages (suppresses activation, 
upregulates class II MHC antigens, inhibits 
IgG receptor expression, inhibits expression 
of IL-1, IL-6, IL-8, TNF, stimulates [L-1lra 
expression); B-cells and T-cells 
(proliferation, differentiation, enhances 
antigen-presenting capacity); chemotaxis; 
formation of endothelial cell adhesion 
molecules; haematopoiesis. 


B-cells (differentiation, antibody production); 
T-cells (activation, proliferation, 
differentiation, induces IL-2 production); 


Mediator Source Biology activity 

IFNa T-cells Pyrogenic; cytotoxic. 

IFNB B-cells 
Macrophages 
Fibroblasts 

IFNy T-cells Pyrogenic; antiviral; cytotoxic; anti-tumour 
NK cells effect; mimics septic shock; causes release of 

NO and ODFRs; and upregulates IL-1 and 
PAF production 

TNFa Neutrophils Pyrogenic; cytotoxic; anti-tumour effect; 
Lymphocytes mimics septic shock; promotes angiogenesis; 
NK cells causes release of NO and ODFRs; induces or 
Endothelial cells suppresses gene expression for cytokines, 
Smooth muscle cells receptors and acute phase proteins. 

IL-1 Macrophages Pyrogenic; cytotoxic; anti-tumour effect; 
Endothelial cells promotes angiogenesis; causes release of NO 
Fibroblasts and ODFRs; induces prostaglandin 
Hepatocytes synthesis; initiates the acute phase response. 

IL-2 T-cells Pyrogenic; anti-tumour effect; mimics septic 

shock; causes release of ODFRs. 

IL-4 T-cells Cytotoxic; anti-tumour effect; inhibits 
B-cells induction of nitric oxide synthase; inhibits 
Macrophages release of superoxide by macrophages; 

numerous anti-inflammatory effects. 

IL-6 T-cells Cytotoxic; anti-tumour effect; mimics septic 
Macrophages shock; causes release of ODF Rs; induces 
Endothelial cells hepatic acute phase proteins 
Fibroblasts 
Hepatocytes 








kines and other components of the immuno- 
inflammatory cascade may contribute to the de- 
velopment of MODS. Damage and activation of the 
endothelium, which plays a pivotal role in the 
regulation of haemostasis, vascular tone and fibrino- 
lysis, have profound consequences. The endothelium 
produces several substances which regulate inflam- 
mation and regional perfusion, including nitric 
oxide, vasoactive arachidonic acid metabolites and 
cytokines [18]. Changes in the balance of concen- 
trations of these substances may contribute to the 
pathogenesis of the inflammatory response during 
sepsis and injury. Phagocytic cells are in constant 
contact with the endothelium and disturbance of the 
relationship between these two cell types may result 
in direct tissue damage as a result of local production 
of oxygen-derived free radicals, hypochlorous acid 
and proteolytic enzymes. Another hypothesis to 
explain the observed tissue damage and organ 
dysfunction is that of local tissue ischaemia and 
hypoxia as a result of microthrombi formed by a 


formation of adhesion molecules; 
haematopoiesis. 





coagulopathy or platelet or white cell aggregates. 
There is evidence for all of these mechanisms and it 
is probable that the pathogenesis of MODS and 
organ failure is diverse and complex and is unlikely 
to be attributable to a single mechanism. 


Potential for therapy 


Both soluble receptors and monoclonal antibodies 
directed against receptors can be used to block the 
interaction of a cytokine with its receptor. This then 
prevents transduction of the appropriate biological 
signal in the target cell. The cloning of genes 
encoding cytokine receptor chains and the charac- 
terization of their soluble forms has resulted in new 
approaches to anti-cytokine therapy. Injection of a 
recombinant soluble receptor might prevent the 
deleterious effect of excessive cytokine production. 
In addition to soluble receptors, monoclonal anti- 
bodies which block cellular cytokine receptors can be 
used as anti-cytokine therapy. However, these small 
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Effects on other cells 





Neutrophils (activation); upregulates cell 
adhesion molecules; chemotactic for PMNs. 


Macrophages antigen presenting capacity, 
downregulates class II MHC antigen 
expression, suppresses PgE2, TNF, IL-1, 
IL-6, IL-8 production); B-cells (induces IgA 
synthesis, enhances survival, upregulates IL- 
2 receptors); T-cells (inhibits IFNy); 
neutrophils (inhibits pro-inflammatory 
cytokine synthesis, upregulates [L-lra 
expression). 

Neutrophils (proliferation, prolongs survival, 
enhances antibody dependent cytotoxicity 
and superoxide anion production); 
chemotactic for granulocytes and monocytes. 

Neutrophils (proliferation, differentiation, 
prolongs survival, increases superoxide, 
leukotriene, PAF, arachidonic acid release, 
enhances phagocytic activity, inhibits IL-8 
production and neutrophil migration); 
monocytes (proliferation, differentiation, 
induces IL-1, IL-8 and TNF release); 
chemotaxis; formation of adhesion molecules; 
angiogenesis; haematopoiesis. 

Lymphocytes (suppresses B and T-cell 
proliferation, inhibits NK activity, inhibits 
IgG and IgM secretion, upregulates B-cell 
IgA secretion); macrophages (induces 
secretion of growth factors); chemotactic for 
macrophages. 


Macrophages (enhances IL-1, IL-2 and TNF 
production); intracellular messenger in 


Table 1—(cont.) 

Mediator Source Biology activity 

IL-8 T-cells Angiogenic; leucocyte infiltration in septic 
Macrophages shock and ARDS. 

Endothelial cells 
Hepatocytes 
Neutrophils 
Fibroblasts 

IL-10 T-cells Inhibits induction of nitric oxide synthase; 
B-cells suppresses synthesis of ODFRs; may be 
Macrophages immunostimulatory or immunosuppressive. 

G-CSF Macrophages Proliferation, differentiation and activation of 
Endothelial cells neutrophils; mimics septic shock; causes 

release of ODFRs. 

GM-CSF T-cells Proliferation, maturation and function of 
B-cells haematopoietic cells; causes release of 
Macrophages ODFRs. 

Endothelial cells 
Fibroblasts 

TGFB Platelets Stimulatory or inhibitory effects on 
Fibroblasts proliferation and differentiation of many cell 
Monocytes types depending on type of cell, growth 

conditions, cell differentiation state, and 
presence of other growth factors; modulates 
cellular and humoral immune responses; 
suppresses chemokine-mediated NO releage. 

TL-Lra Macrophages Blocks the biological activity of IL-1 by 
Endothelial cells competing for the IL-1 by competing for the 
Neutrophils IL-1 receptor. 

Fibroblasts 

PAF Macrophages Activates and aggregates platelets; mimics 
Endothelial cells endothelial alterations of septic shock; 
Neutrophils induces release of ODFRs. 


molecules have short half-lives and therefore deriva- 
tized molecules with longer half-lives and higher 
affinity have now been developed. However, it has 
been shown that cytokine complexed to such binding 
proteins is still available for receptor binding [10]. It 
is possible that these complexes can still act as 
agonists in vivo depending on concentrations of 
other mediators and relative receptor expression. 
Another approach to minimizing the deleterious 
effects of the uncontrolled inflammatory process is to 
blunt the final common pathways of damage (i.e. 
using either agents which decrease free radical 
production or antioxidants which inactivate free 
radicals as they are produced). 

Monoclonal antibodies to TNFa have been used 
both in clinical and animal studies [22]. The use of 
sTNF receptors has also been evaluated in sepsis [1, 
23]. The naturally occurring IL-1 receptor an- 
tagonist has been studied in two large clinical trials 
[15]. It is also possible to modulate the production of 
TNF at the mRNA level using pentoxyphylline, and 


neutrophils; causes release of lysosomal 
enzymes; chemotactic for neutrophils; 
formation of adhesion molecules. 


there have been several promising animal studies [8]. 
Specific chemical antagonists, for example against 
PAF, have also been evaluated in patients with 
sepsis. 

Blockade of any single or combined inflammatory 


` mediator may not be successful for a number of 


reasons. First, the immuno-inflammatory process is 
a normal response to infection and is essential not 
only for the resolution of infection but also for the 
initiation of other adaptive stress responses required 
for host survival (e.g. acute phase and heat shock 
responses) [16]. Second, the profound redundancy 
of action of many cytokines means that there are 
many overlapping pathways for cellular activation 
and further mediator release. In addition, the 
synergism of actions and effects of many cytokines 
suggests that imbalance in the process of the immune 
response may be adversely affected by inhibition of a 
single agent. We also suggest that exogenously 
administered anti-cytokine therapy may have hith- 
erto unrecognized effects caused by interaction with 
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naturally occurring immunomodulators or their 
receptors [10]. Finally, the timing of any potential 
anti-cytokine therapy is clearly crucial [24]. Stra- 
tegies designed to predict the activation of specific 
components of the inflammatory response may thus 
be useful. It is also possible that specific cellular 
targeting of such therapy may be more beneficial 
than global inhibition. Preliminary animal studies 
suggest that the therapeutic use of anti-inflammatory 
cytokines such as IL-10 and IL-13 may be beneficial 


in 


sepsis although as yet there have been no 


confirmatory clinical studies [6, 13]. 
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Disturbance of leucocyte circulation and adhesion to the 
endothelium as factors in circulatory pathology 


D. H. ADAMS AND G. B. NASH 


Advances in molecular biology have given us the 
tools to dissect the mechanisms which control the 
circulation of leucocytes. In particular, a sequence of 
intermolecular adhesive interactions has been de- 
scribed which underlies leucocyte attachment to the 
vessel wall, and the factors which promote and limit 
these interactions have begun to be appreciated. 
These discoveries have led to a rekindling of interest 
in the inflammatory response arising from extrava- 
sation of neutrophils and to a growing understanding 
of the basis of lymphocyte recirculation and targeting 
to specific organs [9, 72, 97]. Much work has been 
based, of necessity, on in vitro model systems, but 
animal studies and intravital techniques have enabled 
the molecular concepts to be tested, so that there is 
growing confidence that they are indeed the basis of 
physiological and pathological processes. Multiple 
organ failure (MOF) is attended by disturbance of 
tissue perfusion and degradative damage associated 
with an extreme inflammatory response, which may 
arise, in part at least, from a loss of the normal 
mechanisms controlling leucocyte circulation and 
migration into tissue [109]. It is thus our aim to 
review the circulatory and adhesive behaviour of 
leucocytes (especially neutrophilic granulocytes or 
neutrophils), along with its molecular basis and 
control mechanisms, and to evaluate the evidence 
that disruption of the normal physiological processes 
contributes to pathologies such as MOF. 


Circulation of leucocytes 
LIFESPAN, CIRCULATION AND RHEOLOGY 


Although a large proportion of mature leucocytes are 
circulating at any given time, their physiological 
function is not carried out in the vascular com- 
partment. Thus, neutrophils circulate for about 
7-10 h on average before migrating into tissue as 
part of an inflammatory response where they phago- 
cytose and destroy foreign bodies and necrotic tissue. 
The neutrophils found in the systemic blood rep- 
resent only about 50% of the circulating pool, so 
that there is a marginated population travelling 
slowly through the lungs and microcirculation which 
can be mobilized rapidly, for example by exercise or 
catecholamines [12]. Monocytes circulate for a 
similar period, but then become resident in tissues as 
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macrophages for a period up to months, acting as a 
potent source of mediators such as cytokines, and 
forming an active part of the phagocytic reticulo- 
endothelial system in the spleen, liver and bone 
marrow. Lymphocytes have a more complex pattern 
of behaviour, because they are the only leucocytes 
that return to the blood via the lymphatic system 
after migration into tissue (i.e. recirculation; see 
Ager [19] for review). The tissue to which they 
migrate depends on their subtype and activation 
status (see below). 

The transformation from a circulating leucocyte to 
a non-circulating or migrated leucocyte depends on 
changes in the cellular rheological properties of 
resistance to mechanical deformation and adhesive- 
ness. Successful passage through the micro- 
circulation is dependent on the deformability of the 
leucocytes (because capillary diameter is often less 
than the cell dimensions) and on maintenance of a 
non-adhesive response to the endothelium. As is 
made evident below, the endothelial cells lining the 
microvessels, particularly on the venous side, are not 
passive partners in the potential adhesive interaction. 
At this stage it is sufficient to realize that it is 
disturbance in the balance of physical forces which 
determines whether or not a cell becomes immobi- 
lized in the microcirculation (i.e. circulatory driving 
force vs resistance to deformation or ws adhesive 
interaction). In the “physiological” response, con- 
trolled adhesive interactions enable leucocytes to 
attach to the vessel wall, and modulation of cellular 
mechanical properties allows locomotion and mi- 
gration into tissue. However, uncontrolled changes 
in adhesive or cellular mechanical properties or in 
circulatory forces may lead to trapping in micro- 
vessels that could be “pathological”. 


MECHANICAL FAILURE TO CIRCULATE-—A 
CONTRIBUTOR TO CIRCULATORY DISORDER? 


Outside of severely hyperleucotic leukaemias, it is 
generally considered that leucocytes do not con- 
tribute to the bulk flow resistance of the blood in 
large vessels. However, although outnumbered by 
red cells by about 700:1, leucocytes can contribute 
to the resistance to flow and distribution of flow in 
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microvessels [38]. This is because the intrinsic 
resistance to flow into a small capillary is about 1000- 
fold greater for a leucocyte than a red cell [28]. Thus, 
it has been recognized from intravital observations, 
including those made in humans, that even normal 
leucocytes travel very slowly into capillaries, have 
the ability to hold up “trains” of red cells and can 
cause stop-go flow in individual capillaries [13, 14]. 
This seems to apply to each class of leucocyte, 
although all evidently negotiate the microcirculation 
successfully in the steady state. Problems may arise, 
however, if perfusion pressure is reduced or if 
neutrophils, in particular, become activated. 

Studies in animal models show that reduction of 
perfusion pressure, induced artificially or after 
shock, leads to plugging of capillaries by leucocytes 
and increase in flow resistance [13]. Moreover, the 
return of driving pressure to normal does not seem to 
enable perfusion to be completely recovered. A 
similar series of events follows arterial ligation, for 
instance in animal models of myocardial infarction 
[33]. It appears that initial trapping of “normal” 
leucocytes may be mechanical, but that a process 
of activation ensues for neutrophils, probably 
prompted by mediators released in the affected tissue 
(e.g. activated complement, eicosanoids or endo- 
thelial-derived factors such as interleukin 8 (IL-8) or 
platelet-activating factor (PAF)). Activation causes 
rapid rigidification of neutrophils because of the 
formation of actin polymer in the cytoplasm [34] and 
also increases their adhesive potential (see below). 
Actin polymerization is the motor for migration of 
leucocytes into tissue, but if stimulated at an 
inappropriate time it will inhibit their circulation. 
Adhesion, as well as enabling extravascular mi- 
gration, may also promote vascular occlusion. Such 
activation-induced changes in mechanical and ad- 
hesive properties will tend to stop cells from being 
dislodged after return of perfusion pressure. Not 
only this, but reperfusion brings new leucocytes to 
the tissue, which are in turn activated by mediators 
and change their mechanical and adhesive properties 
[85]. Thus there is the potential for a vicious cycle of 
increasing vascular blockage followed by tissue 
damage arising from the lytic enzymes and oxidants 
known to be released by activated neutrophils (fig. 1) 
[64, 106]. 

That such a process follows ischaemic and inflam- 
matory events has been demonstrated in animal 
models [13, 85, 107] and is evidenced in humans by 
findings of systemic activation of neutrophils and 
changes in their mechanical properties [62, 64, 65]. 
Thus, it may be that circulatory obstruction occurs 
locally in an “insulted” tissue but also becomes 
disseminated because of release of activated cells 
(e.g. those which do not respond rapidly enough to 
be trapped locally), stimulatory mediators, or both. 
Such mediators may act on circulating neutrophils 
and also on remote endothelial cells to change their 
adhesive properties (see below). The lung may act as 
a filter of activated cells because of its low perfusion 
pressure and peculiar microvascular structure, where 
cells must pass through a series of capillary segments 
without shunting. The basis of trapping might be 
mechanical, adhesive, or both, although animal 
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Figure 1 Mechanisms of obstruction of microvessels by 
neutrophils and the potential for feedback and establishment of 
a vicious cycle. If driving pressure is insufficient, neutrophils 
may become mechanically lodged in capillaries, leading to a 
further reduction in flow. Activation of neutrophils may cause 
trapping even at normal perfusion pressure, and the localized 
cells may induce vascular damage and release of mediators 
causing a second wave of activation. 


Tissue damage 


studies suggest that mechanical changes alone can be 
sufficient [112]. Other organs, such as the spleen, 
liver and kidney may also be susceptible because of 
structural features which promote trapping of rigid 
cells. The mechanical factors likely to influence the 
sites of microvascular entrapment of leucocytes are 
summarized in figure 2. 


CONSTRAINTS PLACED ON ADHESION BY CIRCULATION 


Another important implication of circulatory dy- 
namics and forces is that they impose constraints on 
the adhesive processes underlying leucocyte— 
endothelial interaction [45]. Leucocytes appear to 
adhere mainly in post-capillary venules where their 
velocities are relatively low but still of the order of 
hundreds of pms. Given the dimensions of the 
interacting cells and of the adhesion molecules on 
their surface, it is clear that individual molecular 
interactions have to be rapid to make the chance of 
capturing a cell finite. It has thus been realized that 
it is the kinetics of intermolecular adhesive inter- 
actions that are important (i.e. the ‘‘on-rates”’ 
relative to the flow rate, rather than the equilibrium 
affinity constants) in limiting cell capture [108]. 
Once adhesive bonds have formed, then they are put 
under stress by the fluid drag acting on the now 
stationary cell. These forces tend to break the bonds, 
and so capture might be followed by detach- 
ment, unless stabilizing bonds are formed rapidly. 
Alternatively, cells may roll slowly along the surface 
after capture because they are able to form new bonds 
at the front while bonds “peel” at the rear of the 
cell [104]. In addition, migration after stabilization 
implies that cells can unstick and re-stick themselves 
as they move, with flow forces acting on them 
continually until they have exited the vessel lumen. 
It would seem unlikely a priori that a single type of 
receptor—ligand interaction could have the necessary 
physical characteristics to support all stages of such 
a process in a controlled manner. Indeed molecular 
specialization appears to have been evolved in order 
to overcome this problem, and is described in the 
next section, along with our current understanding 
of how leucocyte adhesion to endothelium is 
achieved. 


Factors in circulatory pathology 
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Figure 2 Factors influencing the site of mechanical trapping of 
neutrophils in tissue. Cellular resistance to flow is greatly 
dependent on vessel diameter [25], so that organs with narrow 
capillaries or sinusoidal structure, and with vascular 
architecture lacking shunts will be likely to filter cells, 
especially if the perfusion pressure is low (e.g. in the lungs). 
The same factors apply for rigidified neutrophils after 
activation, but if the mechanical response after activation is 
rapid, cells may be trapped in the tissue where the stimulus 
originated, while a slow response will lead to dissernination of 
the cells in the circulation. 
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Figure 3 Mechanical factors affecting circulation of leucocytes 
passing from arterioles to capillaries to venules. Cells may need 
to undergo marked deformation and elongation to pass through 
capillaries (1), and may be unsuccessful if the perfusion 
pressure is reduced (2) or if they are activated by systemic (3) 
or local stimuli (4). Cells may adhere to venules if they can 
form bonds rapidly enough compared with flow rate (5) and if 
adhesive bonds can withstand shear forces (6). Cells failing to 
attach when stimulated (7) and released into the blood may be 
systemically active. 


Figure 3 summarizes the role of physical forces in 
the microcirculation: leucocytes continue to circulate 
given adequate perfusion pressure, but if this driving 
force is reduced or if cells are activated by local or 
systemic inflammatory mediators, then inability to 
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pass through capillaries may induce immobilization. 
Immobilization also arises from adhesive interaction 
with the vessel wall, dependent on the velocity of 
motion before capture and on the shear forces acting 
against subsequent stable attachment. 


Leucocyte migration and recirculation 


Leucocytes migrate extensively throughout the body 
to maintain immune surveillance and to mount rapid 
inflammatory responses to invading pathogens [6]. 
Different leucocytes have particular patterns of 
migration that are suited to their functional capaci- 
ties. For instance, as mentioned above, neutrophils 
are a population of relatively simple effector cells 
that form an early response to infection or injury. 
They are rapidly recruited in large numbers to sites 
of inflammation where they are activated to release 
their intracellular contents. This activation is pro- 
vided by general mechanisms and is not dependent 
upon the precise structure of the offending antigen, 
i.e. it is antigen-independent. Neutrophils do not 
recirculate and once they have entered tissue they 
either die by activation and release of cytoplasmic 
contents or they are removed by phagocytic macro- 
phages. 

T-lymphocytes, on the other hand, are a highly 
sophisticated population of cells, that are activated 
by specific antigens to which they have been 
programmed to respond. In most circumstances T- 
lymphocytes are recruited later and more selectively 
than neutrophils to diverse sites of inflammation. In 
contradistinction to neutrophils, T-cells have the 
ability to return to the circulation via the lymphatics. 
This permits them to recirculate through normal 
tissue and provide ongoing immune surveillance 
[72]. Their ability to respond to specific foreign 
peptides allows them to mount a highly selective 
response to invading foreign antigens [20, 99]. Naive 
T-cells (those that have not been exposed to antigen) 
recirculate almost entirely through lymphoid tissue 
where they are most likely to encounter their specific 
antigen in the specialized environment of the lymph 
node where optimal antigen presentation and ac- 
tivation can occur. However, after exposure to 


- antigen in lymphoid tissue the naive T-cell returns 


to the resting state as a memory cell, primed to 
respond rapidly to a second encounter with antigen. 
In order to enhance its chances of re-encountering 
its specific antigen the memory T-cell recirculates 
preferentially through the tissue in which it was 
originally exposed to antigen [6, 72]. 

These subtle patterns of recirculation can be 
overcome in inflammation where release of pro- 
inflammatory factors results in the recruitment of a 
wider range of cell types. The composition of an 
inflammatory infiltrate will depend upon the nature 
of the pathogenic stimulus; for instance, the infiltrate 
of an allergic reaction may contain large numbers of 
eosinophils whereas T-cells and macrophages pre- 
dominate in graft rejection and neutrophils at sites of 
acute bacterial sepsis. Furthermore, the inflam- 
matory infiltrate changes over time, for instance an 
initial type I hypersensitivity reaction will provoke 
an influx of mast cells and eosinophils which will be 
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Figure 4 Adhesion to endothelium and subsequent transendothelial migration is regulated by a cascade of 
interactions between the leucocyte and the endothelium. A: The first step (primary adhesion) involves tethering 
of the leucocyte to the endothelium by comparatively weak and transient bonds provided by selectins on either the 
endothelium (e.g. E-selectin) or the leucocyte (L-selectin) that bind to carbohydrate receptors on the opposing 
cell. This allows the leucocyte to come into contact with pro-adhesive factors (typically chemokines) that are 
immobilized in the endothelial glycocalyx and provide a trigger for integrin activation and strong secondary 
adhesion. This strong adhesion is mediated by leucocyte integrins binding to members of the immunoglobulin 
superfamily on the vessel wall. The final step in the cascade is transendothelial migration which is promoted by 
chemotactic factors such as chemokines. Chemokines are produced by the endothelium itself or by inflammatory 
cells in the subendothelial tissues. B: Diagrammatic representation of the major molecules involved in the 
adhesion cascade between leucocytes and endothelium. The tethering step is provided by selectins and allows 
chemokines immobilized on proteoglycan in the endothelial glycocalyx to engage specific receptors on the 
leucocyte. This results in conformational activation of leucocyte integrins permitting their adhesion to endothelial 
receptors of the immunoglobulin family. In addition, chemokines promote cytoskeletal changes and the induction 
of motility. 
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followed later by macrophages and T-cells if the 
lesion becomes chronic. Such complex inflammatory 
responses must be mediated by specific mechanisms 
capable of recruiting particular subsets of leucocytes 
dependent on the inflammatory stimulus [97]. 


LEUCOCYTE RECRUITMENT TO TISSUE IS REGULATED 
BY SEQUENTIAL ADHESIVE INTERACTIONS WITH 
ENDOTHELIUM 


Clearly leucocyte migration must be carefully regu- 
lated both to maintain immune surveillance and to 
enable different inflammatory responses to invading 
stimuli to be established. For instance, inappropriate 
recruitment of granulocytes to normal tissue could 
result in tissue damage from release of proteolytic 
enzymes and reactive oxygen intermediates whereas 
a failure of T-cells to migrate through normal tissue 
would impair immune surveillance. The fact that 
leucocytes must first recognize and then bind to the 
endothelium before they can migrate into tissue 
provides a powerful mechanism for regulating their 
recruitment. This adhesive interaction with endo- 
thelium is a dynamic process involving the activation 
both of the endothelium and the leucocyte [6, 97]. 
Leucocyte recruitment occurs when a cascade of 
sequential interactions between the leucocyte and 
the endothelium results in the flowing leucocyte 
coming into contact with the endothelium, stopping 
at the vessel surface and then migrating into tissue in 
a regulated manner. 

The first step in this process is primary adhesion, 
or “tethering” which slows the flowing cell by 
inducing it to roll or bump along the endothelium. 
After this initial encounter cells may either disengage 
and be carried away by the flow or, in the presence of 
the correct triggering factor, undergo secondary 
adhesion during which binding to the endothelium is 
stabilized and the leucocyte changes shape, becomes 
flattened and strongly adherent to the vessel wall. 
Over the next few minutes the cell migrates between 
the endothelial cells into tissue, a process termed 
diapedesis. 

Thus, there are four requirements for leucocyte 
recruitment: (1) tethering or primary adhesion, (2) 
triggering of strong adhesion, (3) strong adhesion, 
and (4) transendothelial migration into tissue. 


MULTIPLE ADHESION MOLECULES ARE INVOLVED IN 
LEUCOCYTE BINDING TO ENDOTHELIUM 


A number of structurally diverse adhesion mol- 
ecules, are involved in this adhesion cascade [6, 21] 
(fig. 4 and table 1). The expression of these molecules 
is regulated with differentiation and activation both 
of the endothelium and the leucocyte and is therefore 
a dynamic process in which both cell types play an 
active role [97]. 


Selectins mediate primary, tethering adhesion 


A family of lectin-like adhesion molecules called 
selectins support leucocyte rolling under flow condi- 
tions when they bind to carbohydrate receptors [51]. 
One of these molecules, L-selectin, is widely ex- 
pressed on leucocytes. Different leucocytes express 
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Table 1 Some of the molecular pairs involved in leucocyte 
endothelial adhesion. CHO represents carbohydrate receptors of 
which there are several. * Expressed on particular subsets of T- 
lymphocytes. Broken lines represent interactions, the exact role 
of which has not yet been characterized. HA = hyaluronate, 

FN = fibronectin, LN = laminin.) 





T-cell Endothelium 











L-selectin ————> CHO 
CHO* ——————> E-selectin 
CHO* ——————> P-selectin 





distinct forms of L-selectin which can undergo 
extensive post-translational modification by glyco- 
sylation thereby altering receptor specificity. Thus, 
L-selectin expressed by naive T-cells binds receptors 
on lymph node endothelium and is involved in the 
homing of naive cells to lymphoid tissue [73], 
whereas L-selectin on neutrophils does not mediate 
binding to lymph node endothelium but instead 
supports binding to inflamed endothelium. 

Two other selectins, E-selectin (CD62E) and P- 
selectin (CD62P) are synthesized and expressed by 
endothelial cells after cytokine activation with, for 
example, IL-1 or TNFa. E-selectin binds to poorly 
defined oligosaccharide receptors on neutrophils and 
monocytes and to a subset of CD4+ memory T-cells 
which express a receptor called the cutaneous 
lymphocyte antigen [92]. P-selectin is also expressed 
by activated endothelium and by platelets. P-selectin 
can be rapidly mobilized from cytoplasmic granules 
(Weibel-Pallade bodies) to the endothelial cell sur- 
face on activation. Although most interest has focused 
on the ability of P-selectin to mediate neutrophil 
rolling a subset of T-cells can also bind to P-selectin 
in vitro suggesting a possible role for this molecule in 
T-cell endothelial interactions [31]. Thus, each 
selectin recognizes specific carbohydrate sequences 
and different combinations of receptor and ligand 
will promote the recruitment of particular leucocyte 
subsets. 

Three properties make selectins ideal mediators of 
primary adhesion/tethering: 


(i) Structure and localization. E-selectin and P- 
selectin are long molecules that extend out of the 
surrounding endothelial glycocalyx to make contact 
with passing leucocytes and L-selectin is concen- 
trated on the tips of leucocyte microvilli where it can 
best make contact with the endothelial surface. 


(ii) Selectins mediate activation-independent ad- 
heston. Leucocytes do not require prior activation to 
interact with selectins. This is important for an 
initial adhesive interaction which will take place with 
a circulating leucocyte that has not yet come into 
contact with local activating factors. 
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(111) Selectins mediate transient and comparatively 
weak adheston. This tethering allows the leucocyte to 
come into contact with the endothelium but to 
subsequently disengage if further strong adhesion is 
not triggered [51]. 


It has recently been reported that other molecules 
can mediate primary adhesion of lymphocytes [72]. 
For example, the integrin ligand VCAM-1 can 
mediate both primary (tethering) and secondary 
(strong) adhesion [44]. This may be particularly 
important in low-flow systems such as the lung, liver 
and spleen. Furthermore, in these systems it is 
possible that strong, integrin-mediated adhesion can 
take place without prior tethering. 


Triggering of integrin-mediated adhesion by secreted 
factors 


Strong, secondary adhesion to endothelium is 
mediated by leucocyte adhesion molecules of the 
integrin family. A characteristic property of integrins 
is their requirement for conformational activation 
before optimal ligand binding can occur [42]. Thus, 
a triggering step is required in the cascade during 
which integrins are functionally activated to bind to 
an appropriate endothelial counter-receptor [6]. 

Trigger factors for leucocytes fall into two broad 
categories: (i) cell surface molecules, and (ii) cyto- 
kines and secreted factors. The former include L- 
selectin which, in addition to mediating tethering, 
can also transmit activating signals to leucocyte 
integrins when engaged by an appropriate receptor 
[93] and CD31, an adhesion molecule of the 
immunoglobulin superfamily that is widely ex- 
pressed on endothelium and on a restricted subset of 
T-cells. Engagement of CD31 on these T-cells leads 
to a conformational change in the T-cell integrins 
LFA-1 and VLA-4 resulting in activation of binding 
to the endothelial ligands ICAM-1 and VCAM-1 
[102]. Despite the above observations it is likely that 
the most important adhesion triggers are cytokines 
and secreted factors. 


Pro-adhesive factors for neutrophils and monocytes. It 
has been known for many years that a diverse group 
of soluble factors can act as chemoattractants for 
neutrophils and monocytes (table 2). These include 
bacterial-derived proteins such as the formyl! pep- 
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Table 3 Structural chemokine families. The C-C chemokines 
and the non-ELR subfamily of the C-X-C chemokines act 
predominantly on monocytes, lymphocytes and eosinophils. The 
ELR C-X-C chemokines act on neutrophils and lymphotactin 
acts only on lymphocytes (for more details see text and ref.[15} 








C-C Cc C-X-C 
Csome 17 Csome 1 Csome 4 

ELR 
1309 Lymphotactin ENA-78 
MCP-1 SCM-1 GCP-2 
MCP-2 IL-8 
MCP-3 MGSA__- BTG 
MIP-la PBP = CTAP-III 
MIP-1B NAP-2 
RANTES non-ELR 

IP-10 

MIG 

PF-4 





tides of which f-met-leu-phe (fMLP) is the best 
known, C5a, a complement component, leukotriene 
B4, an eicosanoid, and platelet-activating factor 
(PAF), a product of phosphatidyl choline metab- 
olism [97]. In addition, neuropeptides such as the 
endorphins have recently been shown to act as 
neutrophil chemoattractants [114]. As well as pro- 
moting chemotaxis many of these factors also activate 
leucocyte adhesion. Thus, they may play a dual role 
both as trigger factors and chemotactic factors, 
thereby promoting transendothelial migration into 
tissue. 

By their nature one would expect the above factors 
to be released at sites of bacterial invasion or tissue 
injury. Consistent with this, their actions are largely 
restricted to cells of the myelomonocytic lineage 
which are rapidly recruited during acute inflam- 
mation. They do not have strong actions on lympho- 
cytes and cannot, therefore, provide all the necessary 
signals to explain the specificity of leucocyte subset 
recruitment. The discovery of the chemokine family 
of chemotactic cytokines has provided the extra 
options which allow the paradigm to be extended to 
other leucocytes, notably lymphocytes [24, 97]. 


The role of chemokines in leucocyte subset recruitment. 
Chemokines are a family of structurally distinct 
cytokines, that are chemotactic and proadhesive for 
leucocyte subsets [52, 67,81]. There are over 30 


Table 2 Examples of different soluble factors that can trigger leucocyte chemotaxis. The growth factors described 
here are also cytokines in that they act on and between cells of the immune system; they have been included in a 
separate category here because, owing to their potent growth regulatory effects on other cell types, they are more 
commonly perceived as growth regulators rather than as immune regulators. Likewise, the term cytokines refers to 
the classic cytokines and excludes chemokines which are shown separately 


Lymphocyte 


Neutrophil 
Chemokines IL-8 
Bacterial peptides FMLP 
Complement C5a 
Eicosanoids LTB-4 
Phospholipids PAF 
Growth factors TGFB 
Cytokines — 
Opioids L-enkephalin 





Monocyte 

MCP-1 RANTES 
FMLP ? 

C5a — 

LTB-4 ?LTB-4 
PAF ? 

TGFB HGF 

— IL-2 
L-enkephalin B-endorphin 
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Table 4 Different chemokines preferentially act on different subsets of leucocytes. Most of the C-X-C 
chemokines act on neutrophils whereas the actions of C-C chemokines tend to be directed at mononuclear cells 


(for more details see ref. [97]) 


L NK 
IP-10 +++ ++ 
IL-8 ++ _ 
MGSA/gro — — 
ENA-78 - — 
NAP-2 — — 
RANTES +++ + 
MIP-la +++ ++ 
MIP-18 +++ + 
MCP-1 +++ + 
MCP-2 ++ + 
MCP-3 + + 
Lympbotactin +++ ++ 


known human chemokines all of which have a 
characteristic structure and share sequence hom- 
ology [15]. They can be divided into three sub- 
families based on their structure (see table 3). a- and 
B-chemokines have two disulphide bonds between a 
total of four cysteine residues whereas the C 
chemokines have only two cysteines. The o-chemo- 
kines, also known as C-X-C chemokines, are dis- 
tinguished from $-chemokines or C-C chemokines 
because the first two cysteine residues from the N- 
terminal are separated by an intervening amino acid 
(hence C-X-C) whereas in the B-chemokines they 
are adjacent (C-C). These structural distinctions are 
important since they confer on chemokines the 
ability to act on particular leucocyte subsets (table 4). 
Thus, most of the C-X~C chemokines which include 
IL-8 and gro/MGSA act predominantly on neutro- 
phils whereas the C-C chemokines (RANTES, 
MCP-1) act on lymphocytes, monocytes and eosino- 
phils; lymphotactin, the only C-family chemokine 
that has been functionally characterized so far acts 
solely on lymphocytes [48]. 

Some chemokines, i.e. IL-8 and MCP-1, are 
widely expressed in cells including platelets, leuco- 
cytes, endothelium and epithelium, whereas others 
have a more restricted distribution. Chemokines are 
expressed a low concentrations in resting cells but 
are rapidly upregulated on activation when chemo- 
kine mRNA can comprise up to 1 % of total cellular 
mRNA. The factors that activate cells to secrete 
chemokines vary depending on cell type, site and 
chemokine and include pro-inflammatory cytokines 
such as IL-1, TNFa, gIFN, the bacterial cell wall 
product lipopolysaccharide and chemical mitogens 
such as phorbol esters. 

All of the chemokines so far isolated bind to a 
family of G-protein-linked, transmembrane span- 
ning receptors [61]. This family also includes the 
receptors for fMLP, C5a and LTB4. There are 
many chemokine receptors with differing ligand 
specificities. 

They can be broadly and conveniently categorized 
into: 

(i) specific receptors that only bind a particular 
chemokine: for example the IL-8RA receptor only 
binds IL-8; 

(ii) receptors with restricted specificity such as the 
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C-C chemokine receptor CKR-1 which binds most 
of the C-C chemokines but does not bind C-X-C 
chemokines and the IL-8 receptor RB which binds 
C-X-C but not C-C chemokines; 

(iii) promiscuous receptors such as the Duffy 
blood group antigen which is expressed on red blood 
cells and endothelium and binds all known chemo- 
kines. 

Engagement of leucocyte. chemokine receptors 
by ligand results in calcium mobilization, phos- 
phokinase C (PKC) activation and cytoskeletal 
rearrangement within the cell. The functional 
consequences of this include enhanced migration and 
conformational activation of cell surface integrins to 
facilitate binding to ligand. Thus, IL-8 activates B2 
integrin-dependent adhesion of neutrophils whereas 
macrophage inflammatory protein-1f8 (MIP-18), the 
first cytokine reported to trigger T-cell adhesion, 
activates the T-cell B1 integrin VLA-4 to bind to its 
endothelial counter-receptor VCAM-I [100]. Since 
then several other chemokines have been shown to 
have such an effect; these include MIP-1a, macro- 
phage chemotactic protein-1 (MCP-1), RANTES 
and interferon-inducible protein-10 (IP-10) [103]. 


Why can so many diverse cytokines trigger leucocyte 
adhesion to endothelium? There are two possible 
explanations: first, that this function is so crucial to 
host survival that several mechanisms have evolved 
resulting in a degree of redundancy. This possibility 
is being investigated in animal models using anti- 
bodies to neutralize particular chemokines and then 
testing the ability of the animal to respond to an 
inflammatory stimulus. Recently, mice have been 
developed in which the gene for a particular 
chemokine has been deleted. Such knock-out mice 
will provide valuable insights into the role of 
individual chemokines. The second possibility is 
that specificity within the chemokine family is tightly 
regulated and requires the existence of multiple 
chemokines to provide the required options. There 
is some evidence for this and it seems likely that 
specificity acts at several levels, for instance: 


(1) Specificity for leucocyte subsets. If particular 
chemokines act on specific subsets of leucocytes 
multiple chemokines will be required to account for 
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Table 5 Combinations of molecular interactions mediate leucocyte subset recruitment. Each leucocyte can select 
one of several options at each step in the adhesion cascade. The individual interactions will not necessarily confer 
selectivity on recruitment but the combination of sequential interactions does. Examples are given for 
combinations that will result in the selection of distinct leucocyte subsets (for more details see ref. [97]) 





Neutrophil Monocyte Naive T-cell Skin memory T-cell 
Primary adhesion SLeX~E-selectin PSGLI1-P-selectin L-selectin-CD34 CLA-~E-selectin 
Trigger IL-8 MCP-3 MIP-1B MCP-] 
Secondary adhesion Maci-ICAM-1 Macl-ICAM-1 LFAI-ICAM-2 VLA4-VCAM-1 
Migration PAF MCP-3 MIP-1B8 MCP-1 





the selectivity of leucocyte recruitment. For example, 
gro acts on neutrophils but not on eosinophils or 
lymphocytes whereas RANTES acts on eosinophils 
and lymphocytes but not neutrophils [48, 82, 83]. 
Furthermore, there is evidence for preferential 
activity within T-cell subsets, for instance MIP-18 
affects naive T-cells whereas RANTES and MCP-1 
affect memory T-cells [4, 100]. 


(11) Restricted tissue expression of chemokines. Distinct 
chemokines are required to recruit cells to particular 
sites. For example, IL-8 and MCP-1 are expressed 
by epithelial cells and may have a particular role in 
recruiting cells to combat invading pathogens at 
epithelial surfaces. 


(iii) Differences are response to activating stimuli. 
Different chemokines are induced by particular pro- 
inflammatory cytokines. For example, the secretion 
of C-C chemokines such as MCP-1 is enhanced by 
yIFN whereas the secretion of most C-X-C chemo- 
kines such as IL-8 is inhibited. 


There is evidence that all of these factors are 
important. However, there is overlap in the actions 
of most of the chemokines and the specificity of 
leucocyte recruitment is almost certainly regulated 
by the combined effects of all the elements in the 
adhesion cascade rather than by a highly specific 
chemokine (table 5). 


Pro-adhesive factors act as immobilized ligands. 
In order to trigger adhesion and transendothelial 
migration effectively, pro-adhesive factors must be 
available at the vessel wall where they can interact 
with circulating leucocytes. Immunohistochemical 
studies have demonstrated chemokine staining on the 
vessel lumen and the mechanism of their retention in 
the endothelium has recently been elucidated (fig. 4). 
Chemokines have glycosaminoglycan binding motifs 
that allow them to bind proteoglycans in the 
endothelial glycocalyx and thereby be retained at 
relevant sites [79,100,101]. An extra layer of 
complexity is provided by recent reports showing 
differences in the affinity of chemokines for particular 
proteoglycans. Since endothelial proteoglycans vary 
between different sites and can be altered in 
inflammation; this may add to the selectivity of site- 
specific recruitment [111]. 

The chemokines that are retained in the en- 


dothelial glycocalyx may come from two distinct 
sources. First, the endothelium itself has the capacity 
to secrete a range of chemokines on activation, 
including IL-8 and MCP-1. Alternatively, inflam- 
matory cells, such as monocytes and fibroblasts 
beneath the endothelium, secrete chemokines that 
are subsequently transported to and retained in the 
endothelial glycocalyx. 

Another pro-adhesive factor, PAF, is also present 
at the vessel wall although the mechanism of its 
retention there is different. PAF is a phospholipid 
which is produced by endothelial cells within 
minutes of activation by thrombin, histamine 
or leukotriene. It is expressed at the endothelial 
surface but not released into the fluid phase. 
This endothelial-associated PAF can trigger 
neutrophil B2-integrin activation and promote 
transendothelial migration. 


Strong, secondary adheston is mediated by leucocyte 
integrins that bind members of the immunoglobulin 
superfamily on endothelium 


Integrins are a family of heterodimeric membrane 
glycoproteins that can be grouped into families based 
on their B subunit [7,96]. The most important 
integrins for leucocytes are the Bl- and B2-integrins. 
The B1-integrins include VLA-4 which is expressed 
on lymphocytes and monocytes, but not neutrophils. 
VLA-4 consists of a common B-chain (CD29) paired 
with the a-chain CD49d. It binds to the endothelial 
receptor VCAM-1 (CD102). VCAM-1 is absent 
from most non-inflamed endothelium but is ex- 
pressed in response to pro-inflammatory cytokines 
and IL-4. The B2-integrins consist of LFA-1 (B- 
chain CD18 paired with a~chain CD1lla), MAC-1 
(CD11b/Cd18) and gpi50,95 (CDlic/CD18). 
LFA-1 is the dominant $2-integrin on lymphocytes 
but is also expressed on other leucocytes. It binds to 
two members of the intercellular adhesion molecule 
(ICAM) family of adhesion molecules, that are 
expressed on endothelium; ICAM-2 (CD) is consti- 
tutively expressed and mediates binding to resting 
endothelium, whereas ICAM-I (CD54) expression 
is increased with activation and predominates in 
binding to inflamed endothelium [97]. MAC-1 
(CD11b/CD18) is the dominant integrin on neutro- 
phils and monocytes. It binds to ICAM-1 on 
activated endothelium. GP150,95 does not bind 
directly to endothelium although it can interact with 
endothelium via its ability to bind fibrinogen [71]. 
The expression of integrin ligands by activated 
endothelium at sites of inflammation tn vivo depends 
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upon the nature of the endothelial-activating stimu- 
lus. For instance, both ICAM-1 and VCAM-1 can 
be induced on resting endothelium by exposure to 
the pro-inflammatory cytokines tumour necrosis 
factor a (TNFa), IL-1 and gamma interferon (yIFN) 
whereas IL-4 selectively induces VCAM-1 ex- 
pression [84, 91]. Furthermore, there are differences 
in the adhesion molecules expressed by endothelial 
cells from different tissues and in their responses to 
pro-inflammatory cytokines. 


Migration 

After binding strongly to endothelium the leucocyte 
migrates between the endothelial cells into tissue in 
a process called transendothelial migration or dia- 
pedesis. As mentioned above, many of the cytokines 
that trigger strong adhesion can also act as chemo- 
tactic factors to promote transendothelial migration 
[4, 100, 103]. Thus IL-8 induces chemotaxis of 
neutrophils as well as triggering their adhesion and 
MIP-18 can induce both adhesion and migration of 
T-lymphocyte subsets. As discussed below mi- 
gration is dependent on regulated adhesion and de- 
adhesion as well as on cytoskeletal rearrangement 
within the cell and it is not therefore surprising that 
these properties are frequently shared. 


COMBINED EFFECTS OF SEQUENTIAL INTERACTIONS 
DETERMINE LEUCOCYTE SUBSET RECRUITMENT 


The adhesion cascade provides a powerful model for 
controlling the specificity of leucocyte subset ad- 
hesion to endothelium that can be both rapidly 
amplified and carefully controlled. Specificity and 
regulation can be introduced at each of the sequential 
interactions giving rise to the paradigm proposed by 
Butcher and Springer of “area codes” for leucocytes 
[24,97]. Thus, a particular leucocyte will have 
several options at each step of the cascade and it is 
the combined effects of the interactions that will 
determine the specificity of recruitment. 


Regulation of leucocyte 
adhesion—physiological control vs 
pathological disorder 


MULTI~STEP ADHESION IS A CONTROL STRATEGY THAT 
MAY BE SUBVERTED 


Circulatory and molecular considerations outlined 
above suggest that selectin-mediated rolling ad- 
hesion is a prerequisite for leucocyte immobilization 
because it allows pick-up of localized signal(s) and 
because, for neutrophils at least, immobilizing 
integrin-mediated attachment cannot operate rapidly 
enough to capture flowing cells. However, multi- 
step adhesion is not an absolute necessity in the sense 
that lymphocytes can be immobilized by a single 
integrin—immunoglobulin interaction [11] and that 
parasitized red cells can be immobilized by en- 
dothelial receptors directly from flow [29]. This 
suggests that rolling is part of an evolved control 
strategy rather than a physical necessity, and that 
signalling is the limiting process in multi-step 
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adhesion. With rolling itself dependent on an 
endothelial response to stimulus, and neutrophil 
stabilization dependent on pick-up of signal from the 
endothelium after initial attachment, several con- 
trollable responses must occur in order to complete 
immobilization. 

Even then, further regulated steps must underlie 
onward neutrophil locomotion (which requires con- 
tinual modulation of adhesive interaction to allow 
detachment at the rear of the cell and new attachment 
at the front), and migration in a preferred direction. 
The concept that neutrophils can move along a 
concentration gradient of chemoattractant is well 
established [27], and one can foresee the existence of 
such a gradient in connective tissue containing an 
inflammatory stimulus. However, it is not clear how 
a gradient could be established in the presence of 
flowing blood, and so it seems that the neutrophils 
move across the surface and between endothelial 
cells along some other guideline. Taken together, 
migration requires a sequence of events and trans- 
formations, open to control at each stage and 
dependent on incompletely understood signalling 
responses. It is not surprising that multiple regu- 
latory steps exist because, for instance, if neutrophil 
adhesion and migration were to proceed without 
tight control, then the potential for amplification of 
a catastrophic inflammatory reaction would be great. 
This raises the question as to whether pathological 
events follow a similar pattern and rely on the 
“normal” control sequence or whether various of 
the regulated steps are missing or out of order, 
bringing about uncontrolled and potentially dam- 
aging leucocyte-endothelial interaction. 


KINETICS OF TRANSFORMATIONS IN THE MULTI-STEP 
SEQUENCE MAY BE CRITICAL FACTORS IN ITS 
OUTCOME 


If the multi-step process represents a strategy for 
controlling adhesion and migration, then the rate at 
which transformation between steps occurs will have 
a critical influence on the outcome. As noted above, 
capture of flowing blood cells requires a fast-acting 
adhesive interaction, but the kinetics of transform- 
ation to stable attachment may also be important. 
Several studies now show that initial tethering events 
may be short-lived and leucocytes may only make 
brief initial contact with endothelium, especially if 
receptors such as selectins are expressed at low level 
[10, 16]. This may be an advantage, in that if signals 
are not present, the tethered leucocytes will be swept 
away. It does imply, however, that signalling and 
leucocyte responses must be rapid for immobilization 
to be achieved. Indeed, recent studies show that 
short-lived interactions can underlie successful, 
signal-dependent immobilization of lymphocytes in 
lymph nodes [16], and our own observations indicate 
that neutrophils can respond to adhesion-promoting, 
activating stimuli in seconds and probably even more 
rapidly [76,90]. When rolling adhesion is more 
long-lived, there may not appear to be a necessity for 
such rapid signalling, but if leucocytes are to be 
localized accurately, then they must still come to a 
halt within a short distance of exposure to stimulus. 
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Clearly this can only be achieved by localizing the 
stimulus, i.e. as noted above, on the cell surface 
rather than relying on the fluid phase. Moreover, 
failure to localize the stimulus or the cell response 
would lead to undesirable dispersal of active cells or 
mediators into the systemic circulation. 

After immobilization of leucocytes on the en- 
dothelial surface, transformation to migration might 
be able to occur at a more leisurely pace. However, 
its successful completion is necessary because other- 
wise the vessel lumen is in danger of occlusion, and 
because the immobilized neutrophil contains an 
arsenal of lytic enzymes, has great oxidant potential 
and is capable of producing mediators which could 
attract further leucocytes to the site. In fact, it is 
unclear how activated neutrophils order such events. 
In vitro stimuli tend to induce oxidative bursts, 
degranulation and release of mediators along with 
pro-adhesive changes. In vivo, adhesion must come 
first, followed by migration, and then the destructive 
potential needs to be unleashed on contact with 
foreign bodies or necrotic tissue. Thus, there must 
be a lag of the order of minutes and a dissociation of 
the responses that is not always evident in vitro. We 
have seen very high levels of neutrophil attachment 
and migration on cytokine-stimulated endothelial 
cells without apparent damage to the monolayer 
(unpublished observations), so that some form of 
“pathological”? priming such as hypoxia may be 
required to induce neutrophils to cause endothelial 
damage [43]. Control and localization of the neutro- 
phil lytic response might come about through some 
endothelial regulatory factor (such as nitric oxide) 
and it may be that stimulation protocols used for 
neutrophils in suspension in vitro do not mimic the 
situation when initial stimuli are presented on the 
endothelial surface. 

Adhesive leucocytes must thus clear the vessel 
lumen before proceeding to other functional re- 
sponses. Otherwise obstruction in the lumen could 
be amplified by neutrophil-neutrophil interaction, 
such as homotypic aggregation and transfer of 
activating agents such as PAF and Il-8. At high 
levels of neutrophil adhesion in in vitro flow models 
we have found evidence of activated adherent cells 
forming contacts and building quite large aggregates 
if they cannot transmigrate [G. E. Rainger, G. B. 
Nash, unpublished observations]. Thus, un- 
controlled adhesion could lead to impaired perfusion 
and intravascular damage if neutrophils do not 
migrate, as well as destruction of surrounding tissue 
if they do. 


DO PATHOLOGICAL EVENTS FOLLOW THE 
PHYSIOLOGICAL SEQUENCE? 


The foregoing suggests two main possibilities: that 
pathological adhesive interactions follow a normal 
controlled sequence, but that they occur at an 
inappropriate or undesired time or over a prolonged 
period; that disordered or unregulated processes 
lead to uncontrolled build up of leucocytes and tissue 
damage, for example if activation occurs before 
immobilization or cells fail to complete the full 
response. In fact, both scenarios are likely in vivo. 
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Although rolling, signalling, stopping and migration 
may occur in sequence (perhaps after hypoxia and 
reoxygenation judging from im vitro studies [75]), 
steps might be missed out under special circum- 
stances. The necessity for selectin-mediated ad- 
hesion might be lost, for example, under low-flow 
conditions where activated integrins would be able 
to immobilize neutrophils directly [70], or in tissues 
with unusual architecture or flow pattern, such as the 
lungs. Moreover, the initial step might be mechanical 
rather than adhesive. Impaired neutrophil deform- 
ability is associated with number of ischaemic 
disorders [62, 64, 65], smoking [89] and circulating 
antineutrophil cytoplasm antibodies associated with 
autoimmune vasculitis [25]. Loss of deformability 
has been shown to be capable of causing trapping of 
neutrophils in the lungs independent of adhesion 
[112], and so adhesive and damaging interactions 
could follow on from mechanical changes without 
initial endothelial exposure of tethering molecules. 
Moreover, it may not be correct to treat mechanical 
and adhesive responses as separate, because the time 
courses of each are similar (rapid initial phase in 
seconds, followed by modulation over minutes), and 
there is evidence that skeletal structures within the 
cell regulate adhesive behaviour [46]. 

The concept of out-of-order adhesion is not so 
well documented, although it is known that if 
eosinophil integrins are “frozen” in an activated 
state the cells can no longer migrate [50]. Successful 
neutrophil immobilization seems to rely on ac- 
tivation of constitutive integrins while migration 
requires integrin deactivation and successive waves 
of new integrin expression and activation [41, 90]. 
Disruption of this sequence might interfere with its 
continuation. Activated neutrophils bind to resting 
endothelial cells but show little migration compared 
with neutrophils bound to cytokine-treated endo- 
thelium (unpublished observations), so that acti- 
vation of only one side of the leucocyte~endothelial 
interaction results in an incomplete response. As 
noted above, the phagocytic and lytic responses of 
leucocytes need to occur at the right time, and there 
is the hypothetical possibility at least that pathology 
can arise if they are induced before migration. 
Compared with the current quite extensive 
knowledge of adhesion molecules themselves, the 
regulation of transformations (rolling to stopping; 
stopping to migration; migration to phago- 
cytosis/degranulation) is an outstanding puzzle, and 
its manipulation may be a route to achieving control 
of inflammation. 


DO OTHER CELL—CELL INTERACTIONS INCREASE THE 
PATHOLOGICAL POTENTIAL OF ADHESION BETWEEN 
LEUCOCYTES AND ENDOTHELIUM? 


Adhesion of leucocytes to endothelium may be the 
primary promoter of vascular pathology, but there 
are other forms of intercellular interaction with 
“physiological” or “pathological” potential that are 
worthy of comment (fig. 5). As noted previously, 
monocyte/macrophages provide cytokines and 
chemokines which can activate endothelium, neutro- 
phils and lymphocytes. Less well recognized is the 
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Figure 5 Cell-cell interactions that may potentiate or regulate 
adhesion of neutrophils (N) to vascular endothelial cells (EC). 
Endothelial cells manufacture and present the activating signals 
IL-8 and platelet-activating factor (PAF), and the regulatory 
factor nitric oxide. Arachidonic acid and its metabolites may be 
exchanged between neutrophils, endothelial cells, platelets (P) 
and monocytes (Mo). Monocytes manufacture IL-8 and PAF, 
as well as cytokines (TNF and IL-1) which activate endothelial 
expression of adhesion molecules. Platelets can present an 
additional adhesive surface for neutrophils, a process probably 
inhibited by nitric oxide (NO) and prostacyclin (PGI) from 
endothelial cells. Activated components of complement (e.g. 
C5a) may be derived from surrounding tissue, e.g. after 
hypoxia. 


likelihood that platelets modulate the inflammatory 
response. Platelet attachment to sub-endothelial 
matrix is an essential part of haemostasis. However, 
they can also bind to leucocytes in blood and can act 
as an adhesive surface for flowing leucocytes [26, 78], 
interactions of uncertain physiological function. 
Immobilized platelets support both rolling attach- 
ment of unstimulated neutrophils and stationary 
attachment of activated cells [26,90]. In addition, 
platelets and neutrophils are capable of releasing 
factors which activate each other and the response of 
each to stimulus is greater in the presence of the 
other, for example because of their capability to 
exchange metabolites of arachidonic acid (eicos- 
anoids) and because of release of neutrophil granule 
enzymes (see ref. [63] for review). Thus, one may 
predict that co-localization of platelets and neutro- 
phils would amplify the inflammatory response, and 
evidence from animal models suggest that reper- 
fusion injury and thrombosis in vessel grafts are 
indeed augmented by their interaction [58, 68]. It 
may also be worth noting that biochemical inter- 
actions may be three-cornered, including the en- 
dothelial cells which release factors modulating 
platelet response (e.g. prostacyclin and nitric oxide) 
but can also participate in exchange of metabolites of 
arachidonic acid with platelets and neutrophils [56]. 

Interaction between leucocytes may also occur 
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within the lumen. Homotypic aggregation between 
neutrophils occurs after stimulation in purified 
suspensions and in blood, and is associated with 
agents such as activated components of complement 
(e.g. generated during haemodialysis) [30, 49]. The 
mechanism of aggregation appears to involve both 
integrin- and selectin-mediated adhesion [94]. If an 
immobilized neutrophil acts as a focus for attachment 
of others flowing past, then the potential for vascular 
occlusion is great; alternatively, aggregates formed 
in the blood would block small vessels directly. The 
circulatory conditions under which such interactions 
occur and the molecular mechanisms appear worthy 
of further attention. 


Leucocyte-endothelial interactions and 
disease 


Leucocyte—endothelial interactions are vital for effec- 
tive host defence against pathogens and when they 
fail overwhelming sepsis can result. This is best 
illustrated by two rare inherited disorders— 
leucocyte adhesion deficiency type 1 (LAD-1) and 
type 2 (LAD-2) that are associated with deficiency of 
CD18 and sialyl Lewis X respectively. Both syn- 
dromes result in dramatically reduced neutrophil 
recruitment to sites of inflammation and are associ- 
ated with recurrent life-threatening sepsis. 

In addition to their role in protecting the host, 
leucocyte—endothelial interactions can contribute to 
the generation of unwanted, pathological inflam- 
mation in such conditions as reperfusion injury after 
ischaemia, septic shock, autoimmunity, allergic re- 
sponses and allograft rejection. For example, pul- 
monary infiltration as part of the adult respiratory 
distress syndrome (ARDS) is a serious complication 
of septic shock resulting from acute pancreatitis. 
Although the original focus of disease is distant from 
the lung, neutrophils are inappropriately recruited to 
the pulmonary bed because of enhanced adhesion to 
the pulmonary microvasculature. The increased 
adhesion of leucocytes to microvasculature in the 
liver, lung and kidney is a crucial factor in the 
development of MOF in septic shock and, as 
discussed above, results from increased rigidity and 
inappropriate activation of adhesion molecules on 
circulating leucocytes [37] or from activation of the 
endothelium by circulating factors such as endotoxin 
or LPS [23]. The role of leucocyte adhesion to 
endothelium in this setting is demonstrated by the 
fact that the development of ARDS can be inhibited 
by the administration of antibodies to block CD18 or 
the use of oligosaccharides that block leucocyte 
binding to selectins [59]. In addition, mice that are 
genetically deficient in ICAM-1 are resistant to the 
fatal complications of septic shock [22]. 

Increased expression of endothelial adhesion mole- 
cules is associated with a range of inflammatory 
disorders from graft rejection to liver cirrhosis 
[21]. Acute inflammatory disorders are associated 
with infiltration by neutrophils and tend to be 
accompanied by increased expression of E-selectin 
and P-selectin whereas in chronic, lymphocytic 
inflammation ICAM-1 and VCAM-1 expression pre- 
dominate. Thus, E-selectin is strongly expressed on 
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endothelium in acute appendicitis and is found in 
high concentrations in the circulation in septic shock, 
whereas VCAM-1 is induced during the chronic 
inflammation of sarcoidosis and graft rejection, 
conditions associated with a lymphocytic infiltrate 
[66]. However, these distinctions are often less clear- 
cut and E-selectin, ICAM-1 and VCAM-1 may be 
expressed together at sites of chronic inflammation. 
However, caution should be used when interpreting 
studies based on increased expression of adhesion 
molecules [74]. The presence of a particular adhesion 
molecule does not always imply it has a functional 
role in that particular clinical setting. For example, 
E-selectin is upregulated on endothelium in the 
chronic immune-mediated liver disease, primary 
biliary cirrhosis, suggesting it is important for the 
generation of the chronic inflammatory infiltrate. 
However, very few of the infiltrating leucocytes in 
this disease express receptors capable of binding E- 
selectin suggesting that E-selectin expression in this 
disease is a consequence of the local inflammation 
and of no direct relevance to leucocyte recruitment 
[8]. 

There are now accumulating data on chemokine 
expression in a number of inflammatory diseases. 
Transplant graft rejection is associated with in- 
creased tissue expression of RANTES, ENA-78, 
MIP-1lo and MIP-16 [2, 69, 86] and a wide range of 
other immune-mediated diseases have been associ- 
ated with increased chemokine expression and 
secretion [19, 40, 77, 87, 95]. The ability of IL-8 to 
trigger neutrophil recruitment suggests it will be 
involved in the inflammatory response of sepsis and 
several studies have shown increased circulating IL- 
8 in patients with septic shock [57]. In addition, anti- 
IL-8 treatment can ameliorate some of the features 
of sepsis in animal models. It has recently been 
suggested that MIP-1a also plays a crucial role in 
septic shock and it is likely that a network of 
chemokines will be involved in this complex disease 
(55, 98]. 

Thus, in order to understand the pathogenesis of 
an inflammatory response one requires a detailed 
understanding of the dynamic regulation of all 
elements in the adhesion cascade. 


SOLUBLE ADHESION MOLECULES IN INFLAMMATION 


Many cell surface adhesion molecules are shed into 
the fluid phase in response to cellular activation [66, 
80]. These include the leucocyte adhesion molecules 
L-selectin and CD31 and the endothelial adhesion 
molecules ICAM-1, VCAM-1 and the selectins. The 
functions of soluble adhesion molecule release are 
not known. There is evidence that soluble E-selectin 
can activate neutrophils suggesting it might act as an 
inflammatory mediator [53]. Alternatively other 
groups have suggested that soluble adhesion mole- 
cules are a homeostatic mechanism to block adhesion 
and downregulate inflammatory responses [35]. 
Whatever their functional significance soluble CAMs 
are markers of inflammation in a range of acute and 
chronic inflammatory disorders [3, 5, 35]. However, 
few studies have shown any great prognostic or 
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diagnostic advantage in measuring adhesion mole- 
cules compared with other markers of inflammation. 


THERAPEUTIC IMPLICATIONS 


The recent advances made in understanding the 
molecular basis of leucocyte-endothelial interactions 
suggest new approaches for therapeutic intervention 
in a range of inflammatory diseases [1]. Monoclonal 
antibodies that block the function of particular 
adhesion molecules have been used to prevent tissue 
infiltration by leucocytes in animal models. For 
example, antibodies to E-selectin prevent antigen- 
induced airway hyper-responsiveness in a primate 
model of asthma by inhibiting neutrophil infiltration 
and in models of reperfusion injury antibodies to 
ICAM-1 and CD18 have successfully reduced tissue 
infiltration and damage caused by neutrophils [18, 
36, 47, 110]. In addition to therapy aimed at blocking 
acute inflammation other studies have addressed the 
treatment of chronic immune disorders. Antibodies 
to VLA-4 reduce T-cell infiltration into the brain 
and slow disease progression in a rat model of 
multiple sclerosis suggesting that anti-adhesion 
molecule therapy might prove beneficial in auto- 
immune diseases [17, 113]. 

Clinical trials of anti-adhesion molecule therapy 
are few; antibodies to ICAM-1 have shown only 
limited promise in the treatment of graft rejection 
and rheumatoid arthritis and the use of murine 
monoclonal antibodies to treat chronic autoimmune 
diseases is complicated by the development of 
neutralizing anti-murine antibodies [32,39]. The 
development of humanized or chimeric antibodies 
overcomes the latter problem but other treatments 
based on molecular analogues have many phar- 
macological advantages. Such therapy has recently 
been tested in animals. Peptides that bind to and 
block the function of the leucocyte integrin Mac-1 
(CD11b) have been used to reduce neutrophil 
infiltration and tissue damage in bacterial meningitis 
[105]. Infusions of oligosaccharides containing 
sialyl-Lewis X, the carbohydrate ligand for P- 
selectin and E-selectin, prevented neutrophil- 
mediated lung injury induced by injections of cobra 
venom, a model with many features that are similar 
to ARDS [60]. 

More recently, therapy aimed at blocking chemo- 
kines has been tested in animal models of inflam- 
mation, Anti-MCP-1 treatment prevents the de- 
velopment of granulomatous lung disease in a murine 
model [54] and anti-IL-8 treatment reduces reper- 
fusion lung injury [88]. 

It is likely that the next few years will see the 
development of new therapies to prevent leucocyte- 
endothelial interactions by directly inhibiting the 
adhesion molecules involved or by modulating their 
regulation by inhibiting cytokine-induced signalling 
in endothelium or blocking the actions of the 
chemokines that trigger leucocyte adhesion mole- 
cules. However, the complexity of the processes 
involved suggests that simple approaches to therapy 
are unlikely to be successful and that blocking a 
particular molecule may have consequences that 
were initially unforeseen. It is thus essential that 
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such studies are investigated and set up in the 
context of the adhesion cascade and tested 
thoroughly before being applied to clinical disorders 
such as septic shock. 
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Molecular mechanisms of drug metabolism in the critically ill 


G. R. PARK 


Drugs are used in every critically ill patient. Despite 
this, our knowledge of how drugs behave in these 
patients has, until lately, been limited. It has been 
based on information obtained from animals, volun- 
teers, relatively fit patients or others in a stable phase 
of a chronic disease. Ethical, logistical, financial and 
the confounding effects of disease have delayed the 
understanding of drug metabolism in this group of 
patients. Although these difficulties are now being 
overcome the advent of isolated cell systems and 
molecular biological techniques are answering ques- 
tions that could not be answered by studying 
patients. Indeed, these techniques will not only help 
solve some of these problems, they will help prevent 
others with new drugs. Already drug interactions 
can be predicted before a drug is marketed. In 
addition, new drugs are now being designed not to 
use routes of elimination likely to fail in the critically 
ill. 

Drug metabolism is not static but dynamic. It can 
be expected to change as the patient’s condition 
worsens or changes. This is illustrated by one patient 
in septic shock whe was given a continuous infusion 
of midazolam (fig. 1). At first there is a rapid increase 
in the concentration of midazolam, with little or no 
production of the metabolite because the enzymes 
are ‘“‘sick”. As his condition (and that of the 
enzymes) improves (day 4) metabolite appears in the 
blood. On day 13 he develops a nosocomial pneu- 
monia and again the enzymes become “‘sick”’ and the 
production of metabolite is reduced [135]. 


Metabolism 


Drugs are usually metabolized through several 
pathways, the aim being to change fat soluble, active, 
unexcretable drugs into water soluble, inactive drugs 
that are able to be excreted by the kidneys and in the 
bile. 

Two phases of metabolism are usually involved. 
The first is phase I metabolism, that commonly 
involves the cytochromes P450 (CYP), performing 
reactions such as oxidation and hydroxylation. Other 
phase I reactions, involving other enzymes also 
occur (table 1). 

The metabolites these enzymes produce may be 
less active or highly reactive and even toxic. For 
example, when paracetamol is metabolized by phase 
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I metabolism, the metabolite, N acetyl-p-benzo- 
quinone (NAPQI), causes hepatotoxicity. Usually 
the phase I metabolite is metabolized further by a 
phase II enzyme that conjugates it with another 
group such as glutathione, a glucuronide or a 
sulphide group. A typical example of a drug going 
through both phase I and phase II metabolism is 
midazolam. It is metabolized first to l-hydroxy 
midazolamandthento 1-hydroxy midazolam glucuro- 
nide. 

Some drugs are metabolized mostly by phase II 
metabolism. An example of this is morphine, that is 
metabolized to morphine-3 glucuronide (M-3G) and 
morphine-6 glucuronide (fig. 2). 

It should be noted that many drugs have several 
pathways. Indeed, drugs may switch between path- 
ways. In one study [71] rats were infected with 
malaria and then given low and high doses of 
paracetamol. Compared with uninfected rats there 
was little change in the clearance of paracetamol, but 
there was a decrease in glucuronidation compensated 
for by an increase in sulphation. At high doses 
sulphation was saturated and clearance reduced. 

Cytochromes P450 and other phase I enzymes are 
generally present in smaller amounts than phase II 
enzymes and they are more affected by disease. If 
they are reduced in amount the metabolite for phase 
II metabolism will not be made and the drug will not 
be metabolized. Thus, the amount and function of 
phase I enzymes are usually the rate limiting step in 
drug metabolism. 

Cytochromes P450 are a family of haemoproteins. 
About 25 have been described in humans: they are 
characterized by their amino acid homology. Fami- 
lies are identified by an Arabic number and have at 
least 40% amino acid homology. The subfamily is 
identified by a capital letter and has at least 55% 
amino acid homology [106]. The gene product is 
identified by a further Arabic number. This no- 
menclature has superseded the classification based 
on substrate specificity. It allows recognition that 
cyclosporin oxidase and nifedipine oxidase are an 
identical enzyme; cytochrome P450 3A4. 

The cytochromes P450 are ubiquitous. The high- 
est concentrations of these enzymes are found in the 
nose (where they break down the amines that cause 
smell) and in the adrenal gland (where they produce 
steroids). The greatest mass is found in the liver. 
They have many functions besides the metabolism of 
xenobiotics. They are important in the regulation of 
the body, making steroids of all types. Furthermore, 
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Figure 1 Changing enzyme function in the critically ill. When 
the patient is first given midazolam it is not metabolized, so 
there is no metabolite (1-hydroxy midazolam), As he improves 
so metabolite appears. Later he develops a nosocomial 
pneumonia and again fails to metabolize midazolam [135]. 
(—), Midazolam; (~--~ 3 1-hydroxy (1-OH) midazolam. 


Table 1 Some enzymes performing phase I oxidation, other than 
cytochromes P450 [52] 


Alcohol dehydrogenase 
Aldehyde dehydrogenase 
Alkylhydrazine oxidase 
Amine oxidases 
Aromatases 

Xanthine oxidase 
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Figure 2 Most drugs such as midazolam go through phase I 
and phase II metabolism. A few drugs like morphine go 
through mostly phase II metabolism. 


their study is of great importance in understanding 
carcinogenesis since, for example, it is these enzymes 
that produce carcinogens from cigarette smoke. 
Three enzymes are of major importance in under- 
standing drug metabolism for anaesthetists, others 
are shown in table 2. Cytochrome P450 2D6 has 
polymorphic expression and does not function in 
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10% of the population. Cytochrome P4502E1 
produces many reactive metabolites. Mention has 
already been made of paracetamol, but this cyto- 
chrome also metabolizes volatile agents again pro- 
ducing reactive metabolites. Cytochrome P450 3A4, 
comprising about 60% of all of the cytochromes in 
the body, metabolizes many drugs used in the 
critically ill patient. 

Some of the drugs used in the critically ill and the 
enzymes that metabolize them are shown in table 3. 

A third group of enzymes is becoming increa- 
singly important for drug metabolism. These are the 
blood and tissue esterases. The importance of 
variations in butyryl cholinesterase (pseudo- 
cholinesterase) has been appreciated for some time 
because of its role in metabolizing suxamethonium. 
Currently, drugs are being designed to go either 
through butyryl cholinesterase or other esterases 
similar to it. Mivacurium, a non-depolarizing neuro- 
muscular blocking agent is also metabolized by 
butyryl cholinesterase and suffers from the same 
difficulties in metabolism as suxamethonium [111]. 

Remifentanil, a new opioid, is metabolized by 
many esterases found both in the blood and else- 
where. This new opioid, because it is metabolized by 
so many different blood and tissue esterases, is 
unlikely to be affected by disease or genetic variation, 
as are suxamethonium and mivacurium. This also 
makes remifentanil’s metabolism independent of 
liver function. Studies during the anhepatic period 
of liver transplantation have shown its elimination to 
be normal [105]. 

Since the body metabolizes many thousands of 
compounds every day and has far fewer enzymes, 
each enzyme metabolizes many substrates. Only very 
rarely, if ever, will one enzyme only metabolize one 
substrate. 


Changes in enzyme function in the critically 
ill 


Many things change enzyme function. Some of these 
are shown in figure 3. 

Mechanisms for enzyme induction are poorly 
understood, unlike inhibition, which has been better 
studied. Generally, inhibition is a fast process while 
induction is slow. This is because induction results 
in an increased amount of enzyme in the cell; it 
usually takes about 24-48 h for this to occur [9]. 
Some of the mechanisms controlling the amount of 
enzyme are shown in figure 4. 

Some of the common cytochrome P450 inducers 
and inhibitors are shown in table 4. 

Inhibition is usually quick, occurring sometimes 
after one dose of the inhibitor. It may occur because 
of changes in the expression of the enzyme, changes 
in the environment of the cell or because of direct 
interference with the enzyme itself. For example, 
there may be substrate competition, illustrated by 
the combination of erythromycin and midazolam, 
commonly used in the critically ill patient. The 
erythromycin prevents the metabolism of midazolam 
by cytochrome P450 3A4 [67], leading to prolonged 
coma. There may also be metabolite inhibition of an 
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Table 2 Various cytochromes P450 (from ref. [29] and elsewhere) 





This is not expressed constitutively in the liver. It is induced by a variety of substances 


including omeprazole and cigarette smoking and may be implicated in causing cancer. Other 


Expressed constitutively. Its expression may also be changed by diet or other habits. 
Constitutively expressed. It is responsible for 7-hydroxylation of steroids and cholesterol to 


Constitutively expressed. Responsible for the metabolism of tolbutamide, phenytoin (2C19), 
This cytochrome is subject to polymorphic expression. Debrisoquine, morphine, its analogues 


Constitutively expressed. It metabolizes small molecules including volatile anaesthetic agents, 


alcohol and other hydrocarbons. This cytochrome is found in the centrilobular region of the 


Of all the CYP this is the most prolific in human liver. It also metabolizes several drugs 


CYP 1Al 

environmental changes may also induce it. 
CYP 1A2 
CYP 2A6 

bile acids. 
CYP 2C8-2C9 

diazepam and the oxicam NSAID. 
CYP 2D6 

and f-blockers are metabolized by it. 
CYP 2E1 

liver, the most hypoxic area. 
CYP 3A4 

commonly used in critically ill patients. 
CYP 4A 


status especially, fats. 


It is important in many endogenous control pathways. Its expression is controlled by dietary 





enzyme, such as is caused by the antidepressant 
nortriptyline [104]. Its phase I metabolite inhibits 
the enzyme that produces it. More recently Cheng 
and colleagues have shown that propofol may 
inactivate cytochromes P450 [28]. The importance 
of this has not yet been shown in humans, but if their 
in vitro results apply to humans then delay and 
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Figure 3 Some of the factors that may change enzyme 
function. 
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Figure 4 Some of the sites in the cell where different factors 
may control the amount of enzyme present in the cell [33, 52]. 
Changes in all of these steps have been described for induction, 
but not inhibition, of the enzyme. 


elimination of several drugs might be expected. 
These and other mechanisms are shown in table 5. 


GENETIC FACTORS 


Although interspecies differences in the metabolism 
of drugs are known about [11] differences within 
species are less well recognized. However, these can 
be just as pronounced. In the mouse, sleeping time 
after hexobarbitone administration varies from 18 
(SD 4) min in the SWR/HeN mouse to 48 (4) min 
for the A/NL mouse, purely because of the variation 
in enzyme function [52]. 

In humans even more striking differences exist for 
the metabolism of suxamethonium. This is meta- 
bolized by butyryl cholinesterase which is under the 
control of several genes. The commonest gene is E”. 
The various phenotypes and most genotypes can be 
differentiated on the basis of inhibition of chol- 
inesterase by dibucaine (E,°) and fluoride (E,5. The 
silent gene (E,") occurs when the organism is in the 
homozygous state and so cannot be inhibited. The 
heterozygote state has normal dibucaine and fluoride 
inhibition, but reduced cholinesterase function (table 
6). 

Another important enzyme that is subject to 
genetic polymorphism is CYP 2D6. Several variants 
of this enzyme have also been described [69]. 
Originally, debrisoquine metabolism was noted to be 
affected by the abnormalities of this enzyme. How- 
ever, this enzyme also metabolizes codeine to 
morphine. Because of this, in the 10% of the 
population who lack functioning CYP 2D6, codeine 
may be a poor analgesic. 


Enzyme changes in the critically ill 


Enzymes tend to be thought of as “black boxes”. 
The drug goes in and the metabolite comes out, but 
enzymes are proteins and just as plasma concen- 
trations of albumin decrease and those of alpha-1 
acid glycoprotein increase in response to stress, so 
intracellular concentrations of enzymes also change. 

There is now an increasing amount of information 
about how enzymes change in response to one 
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Drug metabolism in the critically ill 


Table 5 Some of the mechanisms by which enzymes are 
inhibited [52] 





Denaturation of enzyme 

Lipid peroxidation 

Covalent binding (suicide substrate) 
Competition 

Haem loss 

Increased degradation 





Table 6 Genetic abnormalities of butyryl cholinesterase 
(pseudocholinesterase) E," = common gene, E,* = gene 
controlling plasma cholinesterase characterized by dibucaine 
inhibition, E,f = gene controlling plasma cholinesterase 
characterized by fluoride inhibition and E,* = silent gene. 
(From various sources (64,77, 156]) 


Frequency 
Dibucaine Fluoride normal 
inhibition inhibition population 
(%) (%) (%) 


Inhibition of dibucaine: 

EP, Ey? 80-84 57-64 

E,°, E? 45-75 45-53 4 

E,;*, E,? 14-27 17-32 > 05 
Inhibition by fluoride: 

E", E 80-84 57-64 

E,, Ef 72-81 41-57 

Ef Ef 64-67 34-35 > 05 
“Silent” gene: 

E,°, E5 72-84 50-70 

(Cholinesterase activity reduced) 
Es, E’ 0 0 


stimulus. It is important to remember that usually 
several stimuli exist at the same time in each patient. 


HYPOXIA 


The liver is particularly sensitive to hypoxia because 
70% of its blood supply is from the portal vein 
which has blood with a low oxygen content. The 
remaining 30 % is from the hepatic artery. This leads 
to large differences in the oxygen supply in different 
parts of the liver. Those near the arterial supply 
having a high concentration of oxygen and others 
having a low concentration. These hepatocytes are 
especially sensitive to hypoxia. Small reductions in 
hepatic blood flow or blood oxygen concentration 
will result in these cells becoming ischaemic [138]. 
This explains the frequency with which ischaemic 
hepatitis is seen [53]. 

Oxygen is needed by the cell to metabolize drugs 
efficiently for several reasons. It is used to produce 
energy needed both for the reactions themselves and 
also to make the enzyme. Oxygen is also needed as a 
substrate for drug oxidation, as a terminal electron 
acceptor and for processes dependent on the oxi- 
dation equilibrium (redox potential of the cell). 

Animal work shows that the lowest fractional 
concentration of inspired oxygen (FIo,) that a rat 
who has been given phenobarbitone to induce its 
enzymes can survive is 0.07. However, liver damage 
occurs at this concentration. At an Fig, of 0.06 the 
rats start to die and in the survivors liver damage is 
greater. Although hepatocytes survive in oxygen 
tensions as low as 0.1 mm Hg ischaemic hepatocytes 
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will not function normally [5] and oxygen tension of 
2-10 mm Hg (3-14 umol litre“) is needed for energy 
production. 

Although a reduction in Fig, will cause hypoxia so 
too will shock, because of the reduction in blood 
flow, and consequently oxygen, to the liver. Shock 
may result from many causes including trauma and 
myocardial infarction. Both are associated with a 
reduction in metabolic activity [48]. A German 
group [48] measured the amount of CYP from a 
needle biopsy in patients dying with and without 
shock after myocardial infarction. They also mea- 
sured the steady state plasma concentration of 
lignocaine after an infusion. They found patients 
with shock had a higher plasma concentration 
(showing a reduced clearance) but the plasma 
concentration decreased when they were given 
dobutamine to increase cardiac output. Many mecha- 
nisms are involved in the decreased ability of shocked 
patients to metabolize drugs; a reduction in liver 
blood flow with resulting hepatic hypoxia is one of 
these. 

Some enzymes are more tolerant of hypoxia than 
others. Those found in acinar zone 1 (sulphation) are 
less sensitive to hypoxia than those found in zone 3 
(oxidation). Furthermore, cytochrome P450 2E1 is 
concentrated in the pericentral region of the lobule, 
the most hypoxic [150]. Thus changes in the oxygen 
gradients may be expected to change metabolic 
pathways for drugs metabolized by several enzymes 
[76]. 

The time taken for hypoxia to induce changes in 
drug metabolizing enzymes appears to be short. One 
study [35] found that rabbits exposed to a low Fio, 
had changes in the ability of their liver enzymes, to 
metabolize theophylline within 8 h. 

When we exposed isolated human hepatocytes in 
primary culture [117] to hypoxia for 4 days there was 
a 5-10-fold reduction in cytochrome P450 3A. This 
was not thought to be caused purely by cell asphyxia 
because cytochrome P450 2E1 was less affected. The 
mechanisms surrounding changes in the amount of 
enzyme in cells are poorly understood. However, 
substances, such as hypoxia inducible factor I, are 
being identified to be responsible for the tran- 
scription of the human erythropoietin gene [154]; 
and other similar factors may exist for other genes. 

Studying the effects of acute hypoxia in intact 
animals is difficult because of the various com- 
pensatory changes that occur in the cardiovascular 
system. Increases in cardiac output and changes in 
regional blood flow will attempt to minimize the 
decrease in Fio, To overcome these difficulties the 
isolated perfused liver has been used as a model to 
study the effects of hypoxia on the liver. In this 
model the concentration of oxygen, carbon dioxide 
and other nutrients can be controlled precisely. In 
addition, flow rates can also be changes. Using this 
model the importance of hypoxia on propranolol 
clearance has been shown [40, 41]. 

The changes caused by hypoxia will be worsened 
if drugs are given that increase cellular oxygen 
demands. One such group of drugs are the enzyme 
inducers. Becker and colleagues [14, 15] have shown 
the effect of inducing hepatic enzymes with pheno- 
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barbitone and the subsequent oxygen consumption 
of hepatocytes isolated from these animals. In the 
induced state, oxygen consumption increases with 
both volatile and i.v. anaesthetic agents. Some of 
these effects returned to normal when a cytochrome 
P450 inhibitor, metapyrone, was added to the incu- 
bates. 

Current practice in the shocked patient is to 
restore cardiac output and improve oxygen delivery. 
A useful adjunct to this in the future might also be to 
choose drugs that do not increase cellular oxygen 
demands. 


Liver preservation 


Liver transplantation is becoming increasingly com- 
mon and is one of the most extreme forms of 
hypoxia. How the liver metabolizes drugs immedi- 
ately after it has been rendered anoxic, cooled and 
subjected to two operations has not been well 
studied. We have studied the metabolism of mor- 
phine [136], alfentanil [137] and midazolam [134], 
and others have looked at glucuronidation [152] and 
shown that they are metabolized almost normally. 
Still other workers have studied antipyrine [96]. In 
one study in rats the ability of livers removed and 
then stored using hypothermic preservation were 
compared by their ability to metabolize morphine, 
fentanyl and vecuronium in livers removed and 
studied immediately. No difference between the two 
groups could be found [80]. Thus, the hypoxic insult 
to the liver caused by transplantation does not 
appear to cause significant damage to the enzymes. 


SYSTEMIC INFLAMMATORY RESPONSE SYNDROME 
(SIRS) 


This term is used to describe the body’s response to 
various injuries [21] and is discussed elsewhere. 
SIRS affects most of the body, rather than a single 
organ. Inflammation is an essential part, sepsis with 
positive microbiological cultures is not essential. 

In rats, experimentally induced inflammation has 
been shown to depress drug metabolism; however 
this is not reversed by anti-inflammatory agents [13]. 
Many inflammatory mediators have been described. 
The ones that are known to have an effect on drug 
metabolism are interleukin 1(IL-1) [1, 45, 51, 88, 
145], interleukin 6 (IL-6) [1], tumour necrosis factor 
[1] and interferon (31, 32, 38, 50, 99, 102, 118, 125]. 
The release of many of these may be triggered by 
endotoxin, itself an important cause of changes in 
drug metabolism [37, 51, 101, 128, 132]. 

The inflammatory mediators appear to be essential 
for survival after infections. When mice were bred to 
be deficient in the IL-6 gene, they were unable to 
control infections with vaccinia viruses and Listeria 
monocytogenes [85]. Infecting mice with Listeria 
monocytogenes reduces the expression of some cyto- 
chromes P450 and their associated mRNA, taking 
96h to return to normal [6]. Infections release 
endoxin, and 15 years ago Egawa and colleagues [37] 
showed that the plasma of mice given endotoxin 
contained a substance that reduced the amount of 
cytochrome P450 and its activity. Morgan [101] also 
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Table 7 Effects of cytokines on the expression of some phase I 
enzymes. (IL = interleukin, TNF, = tumour necrosis factor; 
IFy = interferon.) (Adapted from ref. [1]) 








IL-18 IL-4 IL-6 TNFa  IFy 
1Al J y f y y 
2C 4 4 4 4 <> 
281 i $* 4 4 4 
3A } << 3 4 < 
Epoxide g No 4 4 <> 
hydrolase data 





showed that in rats given endotoxin there was a 
reduction in liver cytochrome P450 and also in 
mRNA. However, a variety of other mechanisms 
maintained the enzyme, resulting in a proportionally 
lower reduction in protein than in mRNA. Others 
have shown similar changes after mice were given 
IL-1 [132]. 

Information about human responses to individual 
inflammatory mediators is limited. Most of the 
information has been gained from isolated, human 
hepatocytes grown in primary culture. We used this 
method to show that serum from five critically ill 
patients (APACHE score [82]> 15) contains a 
substance that interferes with the metabolism of 
progesterone [113,117]. Since it was unclear 
whether the serum might be affecting expression of 
the enzyme in the cells or having a direct inhibitory 
effect on the enzyme, we did a further study. In this 
we isolated microsomes (part of the endoplasmic 
reticulum) containing the cytochromes P450. Midazo- 
lam (a CYP 3A4 substrate [87]) was then incubated 
with the microsomes and serum. Again, the serum 
was shown to have an inhibitory effect [115]. 
Although this might explain our earlier observation 
suggesting the serum contained a substrate that 
directly inhibits the enzyme, Abdel Razzik and 
colleagues [1] in Paris, using human hepatocytes 
showed the mostly depressant effects of cytokines on 
phase I enzymes (table 7). 

Thus it would appear that serum from critically ill 
patients may change drug metabolism by two 
mechanisms. First, it may contain an enzyme 
inhibitor. Second, it contains cytokines that may 
reduce the expression of cytochromes P450. 

The Parisian group also showed interferon to have 
a depressant effect on the expression of cytochromes 
P450. Viral illness is known to depress drug 
metabolism [27] and this effect is probably caused by 
interferon [38, 99,102]. Interferon may exert its 
effect in three possible ways. It may cause release of 
a second mediator, such as IL-1. Alternatively, 
interferon may induce xanthine oxidase, which 
increases the amount of free radicals present and 
may interfere with normal cell function [50]. Finally, 
interferon may enhance haem turnover, reducing the 
amount of cytochromes P450 present [38, 100]. 


TEMPERATURE 


Most chemical reactions are sensitive to temperature, 
going faster as the temperature increases and slower 
with a decrease in temperature. Despite this, fever 
does not increase the rate of metabolism of drugs. 


Drug metabolism in the critically ill 


Antipyrine (a substance metabolized by at least two 
cytochromes P450) metabolism was reduced in 
volunteers who had a fever induced with a pyrogen 
[39]. Similarly, the metabolism of quinine (also a 
cytochrome P450 substrate) is decreased during 
acute malaria and steroid induced fever [149]. This 
paradoxical finding may be explained by the cause of 
the fever. Both infections and pyrogens will cause 
the release of inflammatory mediators. These will 
reduce the expression and activity of the enzymes 
responsible for the metabolism of antipyrine and 
quinine. 

Acute hypothermia, induced during cardio- 
pulmonary bypass, has been shown to reduce the 
clearance of esmolol [72]. These patients were given 
esmolol by continuous infusion during bypass and 
when the patient was cooled plasma concentration of 
esmolol increased, showing a reduction in clearance. 
Acute hypothermia caused by cardiopulmonary 
bypass may have more predictable effects on drug 
metabolism than hyperthermia because it would not 
be expected to release inflammatory mediators, with 
their own effects on enzymes. Furthermore, esmolol 
is metabolized by red cell esterases, rather than 
cytochromes P450, and these enzymes may be more 
temperature dependent. 


STRESS 


Non-traumatic. stress has been shown to reduce 
enzyme function. Pollack and colleagues [120] stud- 
ied rats exposed to a variety of stresses over 21 days. 
These included exposure to flashing lights, rocking 
their cages, food deprivation, isolation and swim- 
ming in cold water for 24h (all, except the last, are 
remarkably similar to the stresses to which the 
critically ill are sometimes exposed!). Afterwards 
they measured the ability of the rats to eliminate 
antipyrine and hepatic blood flow. Both were 
decreased. 

The reduction in antipyrine clearance cannot be 
explained merely by the reduction in liver blood 
flow, since antipyrine is not a high extraction drug 
and therefore solely dependent on liver blood flow. 
The increase in circulating catecholamines caused 
by stress probably decreased liver blood flow. This 
may, in turn, cause hepatic hypoxia causing a 
reduction in the enzymes metabolizing antipyrine. 


SEX 


Male and female rats behave differently when 
exposed to endotoxin. Each has specific sex-linked 
enzymes; in the male there is a 35% reduction in 
CYP 2C11, while in the female only a 17% decrease 
in CYP 2C12 after endotoxin. The female also shows 
the initial change and recovers faster than the male 
[101]. Whether such changes occur in humans is 
unknown. Little attention has been paid to difference 
in enzyme expression between men and women, 
although we have shown a difference in the ex- 
pression of CYP 3A in liver tissue from organ donors 
[147]. 
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DIET 


Most critically ill patients have an abnormal diet. A 
change in diet, deficiencies or excesses of a variety of 
dietary components, is associated with abnormal 
enzyme function [75, 78, 79, 86, 119, 139, 158, 159] 
Vitamin C deficiency in guineapigs is associated 
with a decrease in certain cytochromes P450 [78]. 
Although scurvy is rare, lack of other vitamins and 
trace elements, which probably occurs regularly in 
the critically ill, may result in similar changes. 

High fat diets also change cytochrome P450 
expression. Parenteral nutrition using large amounts 
of fat has been shown to increase the oxidation of 
antipyrine [23]. One potential mechanism for this 
has been shown in rats fed on a variety of diets, one 
of which contained excess fat. These rats had an 
increase in cytochrome P450 2E1, which was asso- 
ciated with an increase in its mRNA. The cause of 
the increased mRNA was thought to be because the 
fat stimulated release of growth hormone, in turn 
changing gene transcription [159]. 

Starvation and malnutrition cause further changes 
(86, 139, 159], in particular an increase in cyto- 
chrome P450 2E1 [75]. Interestingly, this change 
may be blocked by the sedative, chlormethiazole 
[97]. 


ENDOCRINE DISEASE 


Endocrine disease is common in the critically ill, but 
is poorly recognized. It may be the cause of 
admission to the intensive care unit; such an example 
is diabetic ketoacidosis. Also, drugs may also cause 
it—Addison’s disease after etomidate (a potent 
cytochrome P450 inhibitor) [89,91] and giving 
steroids are examples. 

Diabetes mellitus is a common disease and for 
many years changes in the metabolic potential of 
these patients has been known [12]. However, these 
changes are only seen in patients with insulin- 
dependent diabetes and not those patients with type 
2 diabetes. The reasons behind this were unclear. 
Changes in growth hormone and glucagon secretion 
had been suggested. A French group has shown that 
insulin itself changes the amount of cytochromes 
P450 present in isolated hepatocytes by decreasing 
the half-life of mRNA [34]. 

Corticosteroids will also change the expression of 
drug metabolizing enzymes. This may be the 
endogenous corticosteroid secreted as part of the 
stress response or exogenous steroid given to treat a 
disease. 

Thyroid disease also changes the response to 
drugs [44]. Several mechanisms are involved. If 
patients are hyperthyroid then their heightened 
mental state will make them resistant to sedatives 
and analgesic drugs among others. In addition, some 
test substrates have a reduced half-life because of 
induced enzymes. Indeed, in some patients the 
hepatic endoplasmic reticulum has been seen to be 
hypertrophied on microscopy. Despite these changes 
there are few reports of changes in drug elimination 
caused by changes in the drug metabolizing enzymes. 
However, there are changes in the elimination of 
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drugs in hyperthyroidism caused by changes in the 
amount and composition of plasma proteins. The 
most important drug affected by this is warfarin, 
although others may be similarly affected. 

Hypothyroidism produces other changes. There is 
a 40% reduction in the oxidation of antipyrine, 
although it is unknown if this also occurs with drugs. 
Like hyperthyroidism, hypothyroidism changes the 
elimination of drugs through mechanisms other than 
changes in enzymes. Renal function is also reduced 
and this can itself cause an important reduction in 
the excretion of digoxin and practolol. 

Many other hormones are affected by severe 
illness. Growth hormone is one of these. Its 
importance in the critically ill is now being recog- 
nized. Furthermore, it is a key regulator of the 
expression of many enzymes [98]. Its secretion is also 
different between men and women and explains the 
different expression of the most important drug 
metabolizing enzymes between the sexes. Other 
reasons for sex differences in the metabolism of 
drugs include using the oral contraceptive pill. This 
leads to a 49% increase in the clearance of parace- 
tamol by inducing both glucuronidation and oxi- 
dation [148]. 

Changes in growth hormone secretion have also 
been implicated to explain the different effects on 
drug metabolism caused by morphine, but not by 
pethidine. Rane and colleagues [66] showed that 
morphine inhibits its own desmethylation, but not 
glucuronidation. In a subsequent study [122] they 
compared rats treated with morphine and pethidine. 
Morphine suppressed CYP2C, CYP3A and 
CYP 4A and induced CYP 1A2, CYP 2B1 and 
CYP 2E1. Both the enzyme itself and the mRNA 
were affected showing that the change occurred at 
the transcription level. Pethidine caused none of 
these changes. 

The authors also used a variety of control animals 
exposed to several blocking agents. From this, and 
the similarity of the changes to other work, they 
concluded that this was a neuroendocrine effect 
resulting in a change in growth hormone that then 
altered the expression of the enzymes. The opioid 
receptors were not causing them, because pethidine 
caused no change. It is noteworthy that morphine 
(but not pethidine) occurs naturally in the brains of 
mammals [155]. 

The importance of this work in humans has been 
investigated. However, drugs such as codeine that 
depend on metabolism to morphine, may be less 
effective if morphine is given first. 


AGE 


The very old and the very young are treated in 
intensive care units. With both extremes of age 
significant differences in drug metabolism from the 
normal population exist. Both metabolism and 
excretion are affected. 

Metabolic activity also varies with age. Phase I 
enzymes have been shown to change with age in 
animals [70]. The phase II enzymes responsible for 
the glucuronidation of morphine also change with 
age. Morphine is metabolized mostly to morphine-3- 
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Table 8 Effects of ageing in humans on various 
pharmacokinetic variables of drugs metabolized by cytochromes 
P450 (from [129]) 








Plasma Plasma 
Age half-life (Tj) clearance 
Drug (years) h) (ml kg” h) 
Aminopyrine 25-30 3 
65-85 10 
Antipyrine 20-40 12.5 
65-92 16.8 
Phenobarbitone 20-40 71 
50-60 77 
70 107 
Phenytoin 20-43 26 
67-95 42 


glucuronide (M-3G) and morphine-6-glucuronide 
(M-6G) by two different UDP glucuronyl trans- 
ferases. In premature infants, Choonara and col- 
leagues [30] showed that the clearance of morphine 
was decreased compared with children. However, 
they also noted that the M-3G:morphine ratio in 
plasma and urine and the M-6G:morphine ratio in 
urine were higher in children than in neonates. This 
indicates that there is enhancement of glucuro- 
nidation pathways with growth. Since there was no 
difference in the M-3G:M-6G ratio between 
children and neonates they also suggested that both 
glucuronidation pathways develop in a similar 
fashion. 

The elderly (> 65 yr) population is increasing. In 
the USA in 1980 it made up 11% of the population 
and is estimated to make up 15% by the year 2040 
[60]. Many changes affect the elimination of many 
drugs in the elderly. These include a decreased body 
weight, body water, cardiac output, plasma con- 
centration of albumin and an increased body fat. 
These changes have been well illustrated with 
midazolam [63]. However, Jacobs and colleagues 
[73] have also shown a pharmacodynamic sensitivity 
related to age independent of pharmacokinetic 
variables. There are significant changes in the elderly 
in the plasma half-life and clearance of drugs 
metabolized by cytochromes P450 (table 8). 

The exact mechanisms behind these changes in 
enzymes are unknown. Work in rats has shown 
significant decreases in the activities of these en- 
zymes with age. In addition, some studies have 
shown a decrease in rate of induction of these 
enzymes while others have not [129]. 


OTHER DRUGS 


Many drugs will change the activity of both phase I 
and phase II systems. This may change the pattern 
of metabolites made from other drugs by these 
enzymes. For example M-3G and M-6G are made 
by different UDP-glucurony] transferases. Pheno- 
barbitone induces these different enzymes by varying 
amounts. When the metabolism of morphine was 
studied in liver microsomes from rats with and 
without pre-treatment with phenobarbitone the ratio 
of M-3G:M-6G varied [121]. The glucuronidation 
of morphine can also be inhibited by a variety of 
drugs, including oxazepam and salicylamide [112]. 


Drug metabolism in the critically ill 
Environment Drugs 


Cellular hypoxia Morphine 


suppression Se a suppression 


Inflammatory Cytochrome P450 Rifampicin 
mediators —— > 3A4 ——- Dexamethasone 
suppression me induction 
Hormones Erythromycin 
Growth hormone Substrate 
suppression competition 
corticosterolds 

induction 


Figure 5 Some of the known factors affecting one enzyme, 
cytochrome P450 3A, showing how difficult it is to predict its 
function. 


RENAL FAILURE 


There is evidence that renal failure is associated with 
impaired drug metabolism [42] both in an ex- 
perimental model [44], and in humans [124]. In rats, 
there is a decrease in hepatic cytochromes P450 after 
sub-total bilateral nephrectomy of sufficient degree 
to result in an increase in urea and creatinine [44]. It 
is also likely that the effect of renal failure on drug 
metabolism will also vary for different drugs. For 
example, propranolol, a drug thought to be ex- 
clusively cleared by the liver, is eliminated poorly in 
renal failure [17]. Conversely, the elimination of 
phenytoin is accelerated in uraemic patients [108]. 


INTERACTION OF FACTORS 


Many factors will simultaneously change enzyme 
function in the critically ill. Figure 5 illustrates some 
of the factors that may affect one enzyme. How they 
interact with each other is unknown. 


Metabolites 


Morphine is metabolized principally by phase II 
enzymes to morphine-3 glucuronide (M-3G) and 
morphine-6 glucuronide (M-6G). Since these are 
both excreted in the urine, these metabolites will 
accumulate in renal failure. In 1986 we [133] and 
others showed that this metabolite accumulates in 
renal failure causing unexpected and prolonged 
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narcosis in humans [110]. M-6G has been shown to be 
a potent analgesic and M-3G to antagonize this [56, 
140]. It is noteworthy that some patients are unable 
to make M-6G and obtain poor analgesia from 
morphine. This suggests that analgesia depends 
upon the balance of the two metabolites that are 
produced. 

Interestingly, both M-3G and M-6G are highly 
polar substances and therefore should not cross lipid 
membranes and so be active. A Swiss group [24] has 
shown that these two molecules behave as a mol- 
ecular “chameleon”. Both are able to change their 
configuration according to the environment they are 
in. When they are in a lipid environment they are fat 
soluble and in aqueous environment are water 
soluble. 

More recently, one of the glucuronide metabolites 
of midazolam has also been shown to be active in 
humans. However, unlike the glucuronides of mor- 
phine that are many times more potent than the 
parent compound midazolam, 1-hydroxy glucuro- 
nide has only a tenth of the activity of the parent 
drug [10]. No molecular modelling has been done 
with this substance to see it if changes its config- 
uration like morphine. 

Other drugs also have active metabolites. These 
are summarized in table 9. 


Extrahepatic sites of drug metabolism 


The enzymes that metabolize drugs are found in 
most cells in the body. It is therefore not surprising 
that there is extrahepatic metabolism of many drugs 
[58, 59, 84, 114]. The amount of extrahepatic drug 
metabolism will vary greatly. In one of our studies 
with the new opioid, remifentanil, we found normal 
metabolism during the anhepatic period of liver 
transplantation [105] while morphine had very little 
metabolism [20]. This is because the enzymes 
metabolizing remifentanil are found in blood and 
other tissues while those metabolizing morphine are 
concentrated in the liver. 

Many organs have been shown both in vitro and in 
vivo to metabolize drugs. Not surprisingly, the gut is 
an active metabolic organ since it is the body’s first 
line of defence when dealing with many xenobiotics, 
including food! The brush border is the most active. 
When Kolars and colleagues [84] instilled cyclo- 
sporin, through a nasogastric tube, into the small 
bowel of anhepatic patients they were able to show 


Table 9 Important metabolites of sedative and analgesic drugs. (Reproduced from [116]) 


Both of these are active. They have a longer elimination half-life than 
diazepam. The elimination half-life of nordesmethy! diazepam can 


10% of the activity of the parent drug 
Accumulates in renal failure and has 4; the activity of midazolam 


Parent drug Metabolite Comments 
Diazepam Nordesmethy! diazepam, 

oxazepam 

increase to 403 h 

Midazolam 1-hydroxy midazolam 
Midazolam l-hydroxy midazolam 

glucuronide 
Morphine Morphine-f-glucuronide Antianalgesic 

Morphine-6-glucuronide 


Potent analgesic properties, up to 40 times more active than parent 


drug when given intracisternly. Longer duration of action than 
morphine. Will be retained in renal failure 
Vecuronium Nordesacetyl vecuronium Activity enhanced by hypomagnesaemia 


Pethidine Norphethidine 


Can cause fits 
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significant amounts of metabolites in the portal 
blood. The gut also contains large amounts of 
bacteria that also have drug metabolizing enzymes. 
These bacteria have been shown to metabolize 
halothane [49]. 

Several authors [142, 153] have used slices of 
various organs, not just the intestines, and shown 
them to play an important part in extrahepatic drug 
metabolism. For example, many drug metabolizing 
enzymes are found in the renal cortex [2]. 

The lung has also been suggested as a site for drug 
metabolism. Cassidy and Houston [25,26] have 
suggested that it may be an important site for phenol 
metabolism. However, when we studied the metab- 
olism of propofol [59] and remifentanil [36] we could 
not show any metabolism by the lung. 

How important these sites become in critical 
illness is unknown. There is only one case report of 
a viraemic patient having a liver transplant and 
having his extrahepatic sites of drug metabolism 
assessed by measuring the breakdown of midazolam. 
In this patient the extrahepatic enzymes appeared to 
be affected in the same way as enzymes in the liver 
[114]. 

The kidneys may also be affected by disease that 
changes drug metabolism. In patients with unilateral 
hydro-nephrosis the diseased kidney has less cyto- 
chrome P450 activity than the normal side [160]. 
Other diseases affecting the cortex may have similar 
effects [54]. 


Unexpected effects 


Although clinicians recognize the effects of the drug 
on the primary organ unexpected effects can some- 
times occur elsewhere in the body. These must be 
looked for otherwise the effects they cause may be 
attributed to the underlying disease. 


PROPOFOL AND CYTOCHROMES P450 


Propofol has achieved popularity as a sedative agent 
in the critically ill. It is given over many days and 
this results in a total dose many times larger than is 
used during anaesthesia being given. Because of this, 
insignificant effects during anaesthesia may become 
important in the critically ill. One potential in- 
teraction is between propofol and cytochromes P450. 
One group in Iowa [8] showed that propofol is a 
specific inhibitor of rat cytochromes P450. They 
used microsomes from rats which had been treated 
with phenobarbitone and isoniazid inducing 
CYP 2B1, CYP 2C6 and CYP 3A and CYP 2El. 
They showed inhibition of CYPs 2B1 and CYP 2C6 
but could not show any significant inhibition of 
CYP 2E1. Another group using microsomes from 
pig and human liver showed that concentrations of 
propofol encountered in clinical practice inhibited 
the oxidative metabolism of sufentanil and alfentanil 
[74]. We have similarly shown inhibition of mida- 
zolam by propofol [unpublished observation]. 
Mouton-Perry and colleagues [103] have shown 
that the inhibitory effects of propofol occur in whole 
animals. They gave dogs propofol and measured the 
clearance of propranolol. Control animals were give 
soyabean extract (the solvent for propofol). Propofol 
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caused a 40% decrease in the clearance of pro- 
pranolol. Several mechanisms for this have been 
suggested. Interference with some part of the 
cytochrome P450 responsible for binding the drug 
has been suggested [8]. More recently, a group from 
Taipei [28] has shown in microsomes from hamsters, 
that propofol may bind to the main part of the haem 
ring in the cytochrome inactivating it. The haem 
part of the cytochrome is responsible for the 
addition of oxygen in the same way as haemoglobin. 
It is noteworthy that in contrast with the work in 
dogs, they could not reproduce this inhibitory effect 
in hamsters anaesthetized with propofol and given a 
variety of probe substrates. The importance of this 
in humans remains to be elucidated, although it may 
explain some of the changes seen in a recent study 
looking at the pharmacokinetics of propofol and 
alfentanil used together [47]. 


Deliberate enzyme inhibition 


Enzyme inhibition is not always detrimental. The 
use of the enzyme inhibitor, cilastatin, with the 
antibiotic imipenem illustrates this. Imipenem is an 
antibiotic belonging to the carbopenem class of £ 
lactams. It is broken down by the enzyme dehydro- 
peptidase-1, found in brush border microvilli of 
the proximal tubule. The breakdown of imipenem 
prevents antibacterial concentrations of imipenem 
reaching distal parts of the kidney [22]. In urinary 
tract infections this is a major disadvantage. De- 
hydropeptidase-1 can be inhibited with cilastatin 
overcoming this and improving the efficacy of 
imipenem. Imipenem is marketed as a 1:1 mixture of 
antibiotic and enzyme inhibitor. 

Interestingly cilastatin appears to be not only an 
enzyme inhibitor it also acts to prevent nephro- 
toxicity of high dose imipenem in rabbits [18] and 
cyclosporin in patients after heart transplantation 
[94]. Various mechanisms have been suggested for 
this, including changes in blood flow, reduction in 
tubular uptake of some molecules preventing toxic 
accumulation or decreasing cellular peptide turnover 
because of inhibition of the enzyme, but none has 
been proved [94]. 

Some volatile anaesthetics, especially halothane, 
are metabolized to hepatoxic metabolites, usually by 
CYP 2E1. This enzyme is inhibited by volatile 
anaesthetic agents and also by disulfiram. In future, 
inhibition of this enzyme may be used to reduce the 
toxicity of these drugs [57, 81]. 


Transport 


Once the drug is in the blood it then needs to be 
transported to the receptor or other site of action and 
to the organs of elimination. Although there is a lot 
more information about transport within the blood, 
little is known about transport from the blood to the 
enzyme receptor. However, since transport may 
affect drug metabolism, by altering the amount 
presented to the enzyme, it is briefly discussed in this 
review. 

There are many proteins in the blood—two are of 
major importance for carrying drugs. The first, 
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Figure 6 Electrophoretic strip showing true “bisalbumin” in lane 12. 


Table 10 Changes in binding of drugs to plasma proteins in 
patients with renal failure. (From [42]) 


Drug Change in binding 
Acidic drugs: 
Desmethyldiazepam Decreased [107] 
Phenytoin Decreased [3, 68, 109] 
Benzylpenicillin Decreased [43] 
Salicylate Decreased [3, 43] 
Frusemide Decreased [4, 123] 
Warfarin Decreased [7, 16] 
Basic drugs: 
Disopyramide Increased [65] 
Vancomycin Decreased [146] 
Thiopentone Decreased [3,61] 
Morphine Decreased [109] 


albumin, carries acidic drugs such as phenytoin and 
lignocaine. The other, alpha 1 acid glycoprotein, 
carries basic drugs such as morphine. 

Drugs vary in the amount of their protein binding. 
Some drugs are not highly protein bound whereas 
others, such as warfarin and diazepam, are highly 
protein bound. In those drugs with a high protein 
binding displacement of even a small amount of drug 


Increased urea 


will greatly increase the free or active drug. Thus, 
with warfarin, which is 99% bound to albumin, 
displacement of 1% of the boundary drug will 
double the active amount of drug. However, this 
increase in free fraction will also result in an 
increased extraction of the drug by the liver and 
changes in volume of distribution, reducing this 
effect [3, 127]. 


ALBUMIN 


Albumin carries many drugs and other endo- and 
xenobiotics. The importance of albumin for drug 
transport and many other functions is being ques- 
tioned. Plasma concentrations of albumin decrease 
in severe illness and maintaining “normal” plasma 
concentrations by giving albumin preparations has 
no effect on outcome [46, 55, 62, 141, 143, 144]. 
There are probably several reasons for this. Not 
surprisingly, for a protein with a molecular weight of 
about 65000, there are several genetically acquired 
variants of albumin. These include albumin Reading, 
Chent, and Makie [95] as well as fast (albumin 
Naskapi) and slow (albumin Mexico); the last two 
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Figure 7 Electrophoresis of albumin. Lane 3 shows albumin from a critically ill patient with a high plasma 
concentration of urea. The front edge is “faster” than adjacent lanes. 
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Electrophoresis of albumin from critically ill patients (lanes 13 and 14), other patients and control (lane 
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15). The albumin from the critically ill patients migrates faster than the others. 
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Figure 9 How understanding the metabolism of morphine explains some of its unpredictability. 


refer to electrophoretic mobility. An example of this 
is shown in figure 6. Lane 12 has a “double head ” to 
it showing it to be hereditary, bisalbuminaemia. 

Furthermore, the configuration of albumin also 
changes during illness. For example, in renal failure 
the binding of drugs to proteins may be increased or 
decreased (table 10). 

The mechanism for the change in the configuration 
of albumin has been described for pancreatitis. 
Kobayashi and colleagues [83] have shown that 
pancreatic enzymes may cause bisalbumin to appear. 
Similarly, high dose antibiotics, urea or bilirubin 
may also cause this [83, 90]. The effects of urea on 


the electrophoretic pattern of albumin are shown in 
figure 7. 

We have recently confirmed that this change in the 
electrophoretic characteristic occurs in the critically 
ill. Figure 8 shows a control lane (15) and next to it 
albumin from two critically ill patients. The re- 
mainder of the figure consists of outpatients and 
inpatients from the general wards. The two critically 
ill patients have albumin that electrophoreses more 
quickly than the others. Both the cause of the change 
and its significance are unknown, but it does show 
that albumin is not an inert molecule and changes 
with disease. 


Drug metabolism in the critically ill 


More recently, there is increasing awareness that 
the configuration of albumin found in pharma- 
ceutical preparations is different from the config- 
uration of albumin in the blood. Finally, there are 
some normal humans who do not make albumin at 
all, although studies on drug transport mechanisms 
have ‘not been carried out. However, in anal- 
buminaemic rats thyroxine (normally bound to 
albumin) transport is normal. [95] 

The changes in albumin configuration in disease 
give strength to the belief of some that protein 
binding of drugs is not of such great importance as 
was previously thought, although others would 
contest this [126]. As albumin is expensive this is an 
area that is clearly in need of urgent investigation 
since one of the few arguments for supporting 
plasma albumin concentrations in the critically ill is 
to return drug carriage to normal. Infusing exo- 
genous albumin may not achieve this. 


ALPHA, ACID GLYCOPROTEIN 


This protein increases after stress of many types, 
including surgery. It binds many drugs such as 
bupivacaine and so might be expected to reduce the 
free fraction of them [19]. However, this has not 
been shown and there are several reasons for this. 
Several different forms exist [130,131] and these 
change with the severity and type of disease [93]. 
This may be related in some way to the inflammatory 
response [151]. Other changes also include an 
increase with age [157]. 


Application of our knowledge about drug 
metabolism 


Understanding isolated changes in enzyme function 
unfortunately will not allow early prediction, at the 
moment, of how it will function in the critically ill. 
Some of the changes affecting one enzyme only are 
shown in figure 9. However, understanding these 
changes does mean that the unpredictability of drug 
metabolism becomes predictable—clinicians know 
what to look out for. 
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Determinants of splanchnic blood flow 


J. TAKALA 


The splanchnic region participates in the regulation 
of circulating blood volume and systemic blood 
pressure [60]. Major reduction of splanchnic blood 
volume and flow can be vital in defending the 
perfusion of the brain and the heart in acute 
hypovolaemia, but prolonged hypoperfusion of the 
splanchnic region will inevitably lead to hypoxic 
tissue injury [55]. The splanchnic region is also an 
important source and target of inflammatory me- 
diators, which have a major impact on both systemic 
and regional blood flow and tissue functions [45]. 
The splanchnic circulation is in close interaction 
with the systemic haemodynamics under normal 
conditions. In the intensive care patient at risk of 
multiple organ failure, there is a complex and poorly 
understood interaction between the splanchnic blood 
flow, metabolic demands of the tissues and the 
mediators of inflammation and vasoregulation. 

Inadequate splanchnic blood flow and tissue 
perfusion are likely to contribute to the development 
of organ failures and increased mortality in various 
categories of intensive care patients [8]. Monitoring 
of gastric intramucosal pH (pH, or intramucosal 
Pco, by gastrointestinal tonometry has provided an 
indicator of splanchnic tissue perfusion that is 
feasible for clinical use in intensive care [15, 18, 19, 
27, 30, 32, 47, 48, 49]. Clinical studies using gas- 
trointestinal tonometry have produced evidence to 
support the concept of a link between inadequate 
splanchnic tissue perfusion and multiple organ 
failure. 

Gastric intramucosal acidosis, suggesting inad- 
equate splanchnic tissue perfusion, is relatively 
common: up to 50% of patients admitted to 
intensive care with signs of circulatory failure, 50% 
of patients undergoing elective cardiac surgery and 
18% of patients undergoing abdominal aortic sur- 
gery have at least transient episodes of gastric 
intramucosal acidosis [15, 18, 19, 30, 32, 47, 48, 49]. 
Patients with gastric intramucosal acidosis on ad- 
mission to intensive care have an increased oc- 
currence of multiple organ failure and increased 
mortality [30, 32, 47, 48]. Prevention and treatment 
of gastric intramucosal acidosis by administration of 
fluids and vasoactive drugs improves the outcome of 


(Br. J. Anaesth. 1996; 77: 50-58) 


Key words 


Blood, flow. Arteries. Oxygen, uptake. Gastrointestinal tract, 
blood flow. 


those patients with normal pH, on admission [32, 
49]. 

The mechanisms responsible for the increased 
morbidity and mortality related to the inadequate 
splanchnic perfusion are far from being solved. 
Evidently alterations in systemic haemodynamics 
can impair the splanchnic blood flow and tissue 
perfusion [33, 55]. Tissue hypoxia with consequent 
direct hypoxic tissue injury, although likely to 
contribute, is clearly a too simplistic explanation. 
Translocation of bacteria and toxic substances, as a 
result of hypoxic intestinal mucosal injury, may 
occur but is unlikely to be a major factor [14]. 
Inadequate mucosal perfusion increases the intes- 
tinal mucosal permeability [20]. All these mecha- 
nisms and ischaemia and reperfusion of splanchnic 
tissues may contribute to the activation of inflam- 
matory mediator networks, and thereby further 
modify the circulatory and metabolic responses 
locally, within the splanchnic region and in extra- 
splanchnic organs [46]. 

This review discusses the physiology of splanchnic 
blood flow, obtained largely from experimental 
studies, and the relatively limited available human 
data on splanchnic blood flow in patients at risk of 
multiple organ failure. 


Splanchnic blood flow in normal conditions 


The arterial inflow to the splanchnic region is via the 
coeliac trunk and the superior and inferior mes- 
enteric arteries [17] (table 1). The venous efflux via 
the portal vein represents the sum of all splanchnic 
arterial influx, except the hepatic arterial flow. The 
venous efflux via the hepatic veins (i.e. the blood 
flow through the liver) represents the total hepato- 
splanchnic blood flow; in principle, the hepaticarterial 
flow could be estimated as the difference between 
portal venous flow and total hepatic venous efflux. 

Hepatic arterial and portal venous blood flow 
interact closely. Owing to this “hydrodynamic” 
interaction, an alteration of flow to one of the circuits 
leads to an opposite change in the other circuit. The 
interaction tends to maintain total liver blood flow 
constant [57]. 

The blood flow of the small intestinal villus 
deserves special consideration. The artery and vein 
of the villus run in parallel but their blood flows are 
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Table 1 Arterial blood supply to the splanchnic region (general overview, anatomical variation is common) 
Main artery Main tributary arteries Main areas supplied 
Coeliac trunk Common hepatic (branches: Liver; parts of stomach, duodenum 

right gastric and and pancreas 

gastroduodenal) 

Splenic Spleen; parts of stomach and 
pancreas 
Left gastric Parts of stomach and lower 
, oesophagus 

Superior mesenteric artery Inferior pancreaticoduodenal, Small intestine, caecum, ascending 

intestinal (12-15 branches), colon, most of transverse colon; 

ileocolic, right colic, middle parts of duodenum and pancreas 

colic 
Inferior mesenteric artery Left colic, sigmoid, superior Descending and sigmoid colon; 

rectal parts of transverse colon and 

rectum 
Table 2 Splanchnic and whole body blood flow and oxygen 
uptake at rest [6, 24, 57, 77] 
Splanchnic 
Whole contribution 
Splanchnic body to total (%) 





Artery Vein 


Figure 1 Schematic presentation of the intestinal villus 
countercurrent exchange of oxygen. Oxygen diffuses from the 
artery to the villous veins throughout their course to the tip of 
the villus. This results in a descending gradient of Po, from the 
base of the villus to the tip. 


in opposite directions (fig. 1). The artery forms a 
dense capillary network close to the top of the villus. 
This anatomical arrangement allows countercurrent 
exchange of oxygen from the artery to the vein along 
their course within the villus [42]. This results in a 
descending gradient of tissue Po, from the base of 
the villus to its tip. This gradient is inversely related 
to the blood flow. An alternative explanation for the 
tissue Po, gradient in the villus may be a higher 
metabolic activity of the absorptive cells at the tip 
[42]. Regardless of the mechanism, the lower Po, at 
the tip may make the villus susceptible to tissue 
hypoxia, if vasoconstriction occurs for any reason. 


Blood flow 0.50-0.80 2.54.0 20-30 
(litre min`! m~?) 

Oxygen consumption 20—40 110-150 20-35 
(ml min`! m® 

Oxygen extraction 0.22-0.35 0.22-0.30 
fraction 


MEASUREMENT OF SPLANCHNIC BLOOD FLOW 


Human studies on splanchnic blood flow are rela- 
tively scarce owing to methodological difficulties of 
quantitative measurements. Direct measurement of 
splanchnic blood flow is practically impossible 
without surgery for anatomical reasons (table 1; 
multivessel influx and efflux, mixing of portal venous 
and hepatic arterial blood within the liver). The 
same is true for intravascular pressures within the 
splanchnic bed. Accordingly, much of the basic 
splanchnic circulatory physiology has been extrapo- 
lated from experimental studies and has not been 
confirmed in normal humans. 

Total hepatosplanchnic blood flow can be estim- 
ated according to the Fick principle from the hepatic 
uptake of substances that are exclusive metabolized 
by the liver and distributed in the plasma [9, 36, 71]. 
Hepatic venous catheterization is necessary for the 
measurement. A detailed description of this tech- 
nique and its evaluation both in normal subjects and 
in intensive care patients has been published [71]. 


SPLANCHNIC BLOOD FLOW AND OXYGEN UPTAKE 


The splanchnic blood flow should be considered in 
relation to the splanchnic metabolic activity and the 
oxygen extraction capabilities of the splanchnic 
tissues. Normally, the total hepatosplanchnic blood 
flow is approximately 20-30% of cardiac output. 
Roughly 80 % of the total hepatic blood flow reaches 
the liver via the portal vein and 20 % via the hepatic 
artery (a tributary of the coeliac trunk). The 
splanchnic oxygen consumption at rest is approxi- 
mately 20-35 % of whole body oxygen consumption. 


52 


This results in a slightly increased oxygen extraction 
fraction, compared with the systemic oxygen ex- 
traction at rest [6, 24, 57, 77] (table 2). 

When the metabolic demands of the splanchnic 
region increase, for example, as the result of feeding, 
blood flow to the relevant organs increases in 
proportion to the increase in regional oxygen 
consumption. Accordingly, the splanchnic oxygen 
extraction ratio is well maintained. If the oxygen 
extraction is very low, increased extraction may 
precede increases in blood flow. The appropriate 
increase in splanchnic perfusion can be obtained by 
either increased cardiac output or its redistribution, 
or by the combination of the two mechanisms [5, 23, 
57, 67]. 

Probably because of its important role in the 
regulation of blood volume and redistribution of 
blood flow, the splanchnic region has a large capacity 
to adapt to reduced blood flow by increasing the 
oxygen extraction. During exercise, blood flow is 
redistributed from the splanchnic region to the 
working muscle [58,59]. Splanchnic oxygen ex- 
traction increases consequently. At least in the short 
term, the normal metabolic processes are maintained 
at high levels of oxygen extraction. In extreme 
conditions, when hypoxia due to reduced inspired 
oxygen fraction is superimposed on exercise, splan- 
chnic oxygen extraction may increase to close to 
90%. During this acute experiment, hepatic ex- 
traction of indocyanine green decreased, suggesting 
that the liver function was deteriorating [58]. 

The available data in humans suggest that the liver 
is well protected against hypoxia in normal subjects, 
at least when the exposure is short. On the other 
hand, the gut may be more susceptible to develop 
local or regional hypoxia. Experimental studies 
suggest that the gut may become hypoxic already, 
when its oxygen extraction approaches 70 % [50, 78]. 


CONTROL OF SPLANCHNIC BLOOD FLOW 
Gut blood flow 


Gut blood flow is regulated by intrinsic and extrinsic 
mechanisms. The intrinsic factors include local 
metabolic control and myogenic control, local re- 
flexes and locally produced vasoactive substances. 
The extrinsic factors include sympathetic in- 
nervation, circulating vasoactive substances and sys- 
temic haemodynamic changes [23]. The total blood 
flow to the gut wall is unevenly distributed in the 
four main layers—the mucosa, the submucosa, the 
muscularis and the serosa. The mucosa and the 
submucosa receive most of the flow, up to 90%. 
Changes in the total gut blood flow may influence the 
flow to the different layers to varying extent. 

The local metabolic control responds by local 
vasodilatation, if blood flow is insufficient for the 
local metabolic needs [23, 25]. The actual signal for 
the vasodilatation is not known. Both tissue Po, and 
products of cell metabolism have been proposed. 
The myogenic control responds to an increase in 
vascular transmural pressure by arteriolar vasocon- 
striction [23,35]. These two control mechanisms 
interact to maintain blood flow adequate for meta- 
bolic needs, and to minimize changes in the intestinal 
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Figure 2 Effect of feeding on splanchnic blood flow and 
oxygen consumption in healthy subjects [data adapted from ref. 
34]. A: Peak splanchnic oxygen consumption following a 
standard meal (mean (sD)). B: Peak splanchnic blood flow 
following a standard meal (mean (sD)). 


capillary pressure and transcapillary fluid flux. Nitric 
oxide participates the vasoregulation of the hepato- 
splanchnic bed; its role is discussed separately later. 

Intestinal blood pressure—flow autoregulation is 
much weaker than the autoregulation of, for example, 
renal blood flow [23]. When arterial pressure 
decreases, blood flow decreases despite a vasodilatory 
response. The autoregulation is enhanced by feed- 
ing: the blood flow is better maintained in response 
to a decrease in perfusion pressure in the fed state 
(i.e. with intraluminal food present) than in the 
starved condition. 

The response of the intestinal vasculature to an 
increase in venous outflow pressure depends on the 
adequacy of perfusion [23, 68]. If perfusion is 
sufficient for metabolic needs, an increase in the 
venous pressure results in arteriolar vasoconstriction 
(myogenic control). If perfusion is poor and venous 
pressure increases, the vascular resistance decreases 
and the capillary density increases (metabolic con- 
trol). 

The gut blood flow has a distinct response to 
feeding [23]. Digestion results in pronounced post- 
prandial hyperaemia (fig. 2). Several mechanisms are 
probably involved: a local reflex to the presence of 
luminal contents, the release of vasoactive gastro- 
intestinal hormones (e.g. gastrin, secretin, cholecysto- 
kinin) and the increase in gut metabolism (metabolic 
control) [23, 34]. 

The extrinsic neural control of gut blood flow is 
limited primarily to the sympathetic nervous system. 


Determinants of splanchnic blood flow 


Sympathetic nervous activity reduces gut blood flow 
by increasing the vascular resistance of the arteries 
and arterioles; the veins have more limited sym- 
pathetic innervation. During persisting stimulation, 
the blood flow starts to recover after initial reduction 
(“autoregulatory escape”) [23, 65]. After the stimu- 
lation, blood flow increases transiently to a higher 
level than before the stimulation [23]. 

Catecholamines are the most important circulating 
endogenous vasoactive substances that influence the 
gut blood flow. Alpha-adrenoceptor stimulation 
results in vasoconstriction and beta-adrenoceptor 
stimulation in vasodilatation. Accordingly, nora- 
drenaline with predominantly alpha-adrenoceptor 
activity can be expected to increase the intestinal 
vascular resistance, whereas the effects of adrenaline 
are dose-dependent: vasodilatation at low doses and 
vasoconstriction at increasing doses when alpha- 
stimulation predominates. The net effects of circu- 
lating catecholamines on gut blood flow depend on 
the concomitant effects on cardiac output [3, 23]. 
Vasopressin and angiotensin are both potent in- 
testinal vasoconstrictors. Their physiological role in 
the control of gut blood flow is not certain. They 
may both be involved in the intestinal vasocon- 
striction in acute hypovolaemia, and also modulate 
the response to sympathetic nerve stimulation and 
noradrenaline [16, 23]. 


Hepatic blood flow 


There are three principal determinants of hepatic 
blood flow. The vascular resistance across the 
intestine determines the mesenteric influx and 
thereby the portal venous flow. The hepatic arterial 
resistance determines the hepatic arterial flow. The 
intrahepatic portal venous resistance is less im- 
portant, since the portal venous flow is mainly 
determined by the outflow from the intestine, that is 
the resistance across the intestine. Finally, the 
hydrodynamic interaction between the hepatic ar- 
terial and portal venous flow, as described before, 
tends to compensate for any change in one of the 
inflows to the liver by a reciprocal change in the 
other [6,57]. The hydrodynamic interaction, also 
called the hepatic arterial buffer response, is regu- 
lated by adenosine [39]. 

Autoregulation has little importance in the regu- 
lation of hepatic arterial pressure-volume relation- 
ship; the relationship between the arterial pressure 
and the flow is approximately linear. The hepatic 
portal venous bed clearly lacks autoregulation and 
has a linear pressure—flow relationship [6, 57]. 

Sympathetic nervous activity is the principal 
neural mechanism that influences hepatic blood flow. 
Sympathetic nerve stimulation evokes an increase in 
the hepatic arterial and portal resistance. The arterial 
vasoconstriction is transient and has similar auto- 
regulatory escape as the intestinal vasoconstriction. 
In contrast, the portal response has a slower onset, 
but the increase in resistance is sustained, once 
established [26, 57]. In addition to the changes in 
vascular resistances, sympathetic nerve stimulation 
also reduces the hepatic volume, probably via 
contraction of the hepatic capacitance vessels. The 
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volume reduction has a slow onset, persists through- 
out the stimulation and recovers more slowly than it 
develops [7, 57]. 


Role of nitric oxide in splanchnic blood flow 
regulation 


Recent experimental studies have demonstrated that 
nitric oxide is important in the maintenance of basal 
vasodilatation in the mesenteric vasculature and the 
hepatic artery [2, 44]. In an anaesthetized pig model, 
inhibition of nitric oxide synthesis (non-selective 
inhibition of both constitutive and inducible nitric 
oxide synthase) increased hepatic arterial resistance 
but had no effect on the portal vascular resistance, 
while the hepatic arterial autoregulation was en- 
hanced. The hydrodynamic interaction between the 
hepatic arterial and portal vein blood flow (hepatic 
arterial buffer response) was present after nitric 
oxide inhibition. After administration of endotoxin, 
both the hepatic arterial buffer response and auto- 
regulation were abolished, independent of nitric 
oxide. Inhibition of nitric oxide synthesis after 
endotoxin increased the resistance of both hepatic 
artery and portal vein [2]. This suggests that during 
experimental endotoxin shock, nitric oxide is im- 
portant in preserving the blood flow across the 
splanchnic bed. While these observations cannot be 
directly extrapolated to human septic shock, they do 
suggest that non-selective nitric oxide inhibition in 
septic shock may improve blood pressure at the 
expense of splanchnic perfusion. 


Splanchnic blood flow in patients at risk of 
multiple organ failure 


Only very few studies with quantitative measure- 
ments of splanchnic blood flow in intensive care 
patients have been published [1, 10, 11, 22, 28, 29, 
52-54, 62, 63, 69, 71-73, 76]. The results have 
clearly demonstrated that data obtained from ex- 
perimental studies or more stable patients should be 
extrapolated to the intensive care patient with great 
caution. The determinants, clinical relevance and the 
time course of splanchnic blood flow abnormalities 
in patients at risk of multiple organ failure have not 
been well established. 

All quantitative splanchnic blood flow studies in 
intensive care patients at risk of multiple organ 
failure deal with the total hepatosplanchnic blood 
flow as measured by the Fick principle [1, 10, 11, 
22, 28, 29, 52-54, 62, 63, 69, 71-73, 76]. Gastro- 
intestinal tonometry cannot be used as a surrogate 
measure of hepatosplanchnic blood flow, since there 
is no consistent relationship between splanchnic 
blood flow and measurements obtained by gastric 
tonometry [53, 54, 72, 73]. Hence, pH, will be only 
discussed briefly in the context of response to therapy 
aimed at improving splanchnic perfusion. 

The pathophysiology of splanchnic blood flow and 
inadequate splanchnic tissue perfusion in intensive 
care patients is multifactorial. Two substantially 
different patterns of changes in splanchnic blood 
flow and metabolic demand are common in intensive 
care patients: one observed in low flow states [38, 53, 
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Figure 3 Splanchnic blood flow and oxygen extraction after 
cardiac surgery and in patients with septic shock and 
vasopressor therapy [data adapted from refs 62 and 63]. (O) 
After cardiac surgery; (@) septic shock + vasopressors. 


54, 63, 64, 72,73] and another in severe inflam- 
matory conditions, infections and septic shock [1, 
10, 11, 22, 28, 29, 62, 69, 76]. 


SPLANCHNIC BLOOD FLOW IN LOW FLOW STATES 


In low flow states (e.g. cardiogenic shock) and 
hypovolaemia (without major injury or sepsis), 
splanchnic blood flow decreases without major 
changes in splanchnic metabolic demand [53, 54, 63, 
72, 73]. In these conditions, perfusion of the heart 
and the central nervous system is maintained at the 
expense of the peripheral tissues and the splanchnic 
region. Once splanchnic vasoconstriction develops 
in response to hypovolaemia, the recovery of the 
blood flow will be prolonged: the increased splanch- 
nic vascular resistance and reduced blood flow 
persists after the circulating blood volume has been 
restored and systemic haemodynamics have been 
stabilized [16]. This may increase the risk of 
inadequate splanchnic perfusion both after resusci- 
tation of hypovolaemia and in intensive care patients 
susceptible to acute blood volume changes (e.g. as a 
result of capillary leak) [70]. 

In low flow states, vasoregulation is usually well 
preserved andan increased oxygen extraction compen- 
sates for the reduction of blood flow (fig. 3). Fully 
developed physiological compensation may preserve 
adequate splanchnic tissue oxygenation even during 
markedly reduced hepatosplanchnic blood flow. The 
limits of compensation and the time of tolerance for 
splanchnic hypoperfusion have not been well de- 
fined. Perioperative hepatic vein oxygen saturation 
below 30% during liver resection was associated 
with postoperative liver dysfunction [37], whereas 
brief exposure to lower hepatic venous saturation (or 
increased splanchnic oxygen extraction) have been 
reported during and after cardiac surgery without 
any major consequences [38, 53, 63, 64]. The splan- 
chnic blood is defended at the expense of peripheral 
blood flow in low cardiac output syndrome after 
cardiac surgery [53, 63]. 

Nevertheless, prolonged hypovolaemia or low 
cardiac output will inevitably lead to splanchnic 
tissue hypoxia and increase the risk of multiple organ 
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Figure 4 Increased splanchnic oxygen demand and blood flow 
in sepsis. A: Splanchnic hypermetabolism tends to increase with 
increasing severity of sepsis [data adapted from refs 11, 62 and 
76]. B: Splanchnic blood flow and the severity of sepsis [date 
adapted from refs 11, 62 and 76]. 


failure, It is reasonable to assume that a slowly 
developing low splanchnic blood flow is better 
tolerated than an acute reduction. 


SPLANCHNIC BLOOD FLOW IN INFLAMMATION AND 
INFECTION 


In severe inflammation (e.g. systemic inflammatory 
response syndrome or SIRS, septic infections, septic 
shock), the metabolic demand for oxygen in the 
splanchnic region is increased [1, 10, 11, 22, 28, 29, 
62, 69, 76]. In patients with normal or hyperdynamic 
haemodynamics, the total splanchnic blood flow is 
also higher than normal, but the increase in oxygen 
consumption is disproportionate to the increase in 
blood flow, and necessitates high oxygen extraction 
(figs 3 and 4). This appears to be the case regardless 
of whether stable haemodynamics have been ob- 
tained by fluids alone or with the aid of vasoactive 
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Figure 5 Changes in splanchnic blood flow in septic shock in 
response to treatment of hypotension with vasopressors [data 
adapted from ref. 62]. Wide interindividual variability is 
characteristic of the response. 


drugs [1, 10, 11, 22, 28, 29, 62, 69, 76]. In hyper- 
dynamic septic shock during hypotension, splanch- 
nic blood flow and splanchnic oxygen consumption 
are higher than normal and the splanchnic oxygen 
extraction is high [62]. Correction of hypotension by 
vasopressor drugs tends to increase the splanchnic 
blood flow further in hyperdynamic septic shock, 
although individual responses may vary (fig. 5) [62]. 

Endothelial injury is common in sepsis and 
contributes to abnormal vascular tone, blood flow 
maldistribution and development of hypovolaemia 
(8, 14,46]. In addition, severe sepsis is almost 
invariably accompanied by acute respiratory failure, 
which limits the systemic oxygen delivery. Myo- 
cardial depression is also common in sepsis and 
many limit the response of systemic blood flow to the 
increased oxygen demand [51]. Under these cir- 
cumstances, the splanchnic hypermetabolism in- 
creases the risk of splanchnic oxygen delivery/ 
demand mismatch, and even subtle changes in blood 
volume, cardiac output, arterial oxygenation or 
oxygen demand in other tissues may lead to an 
imbalance between splanchnic oxygen delivery and 
demand. 


THERAPEUTIC INTERVENTIONS AND SPLANCHNIC 
BLOOD FLOW 


Volume resuscitation 


The blood volume can be expected to have a major 
impact on splanchnic blood flow [13, 16, 55]. Indeed, 
reduction of splanchnic blood flow has been demon- 
strated in normal subjects after controlled small- 
volume haemorrhage [12, 56], and after simulated 
hypovolaemia following the application of lower 
body negative pressure [16]. Restoration of blood 
volume after simulated hypovolaemia was associated 
with a protracted reduction of splanchnic blood flow. 
Effects of blood volume on splanchnic blood flow in 
intensive care patients have not been published. 
Indirect data from studies using volume resuscitation 
to improve gastric pH; suggests that restoration of 
blood volume is of primary importance in assuring 
adequate splanchnic perfusion in intensive care 
patients [32, 47-49]. 
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Figure 6 Changes in splanchnic blood flow in response to 
dobutamine after cardiac surgery [data adapted from ref. 53], 
Splanchnic blood flow changes parallel the changes in cardiac 
output. 


Adrenergic agents 


Vasoactive drugs, especially sympathomimetic 
amines are used frequently to support tissue per- 
fusion in circulatory failure. The effects of sympatho- 
mimetic drugs on splanchnic blood flow in intensive 
care patients can not be predicted from their 
pharmacological characteristics alone or extrapolated 
from experimental models. Traditionally, the po- 
tential effects of adrenergic agents on regional 
perfusion have been interpreted in terms of their 
relative adrenergic receptor activity. In critically ill 
patients, the effects may be modified, for example as 
the result of receptor downregulation. In exper- 
imental studies, alpha-adrenergic stimulation by 
dopamine, noradrenaline and adrenaline increase 
renal and visceral vascular resistance and reduce 
renal and visceral blood flow [61]. The effects of 
dobutamine depend on the balance between its 
alpha-mediated vasoconstriction and beta-mediated 
vasodilatation [74]. Dopexamine with beta,- 
and dopaminergic properties and without alpha- 
stimulation may have beneficial effects on 
splanchnic blood flow [41]. 

In 10 patients with septic shock, correction of 
hypotension by administration of vasopressor doses 
of dopamine increased splanchnic blood flow, 
whereas the effects of noradrenaline were more 
variable [62]. On the other hand, dopamine 
worsened gastric mucosal acidosis in septic shock, 
while noradrenaline resulted in increased gastric 
mucosal pH despite identical effects on systemic 
haemodynamics [43]. 

In patients with chronic congestive heart failure, 
dopexamine increased the splanchnic blood flow 
whereas neither dopamine nor dobutamine had an 
effect [40]. In contrast, both dobutamine and 
dopexamine consistently increased splanchnic blood 
flow immediately after cardiac surgery (figs 6 and 7) 
[53, 63, 72]. Despite the major increases in total 
splanchnic blood flow, both dobutamine and dopex- 
amine lowered the gastric pH; or failed to correct 
the gastric mucosal acidosis [53,72]. These effects 
were even more prominent in patients with low 
cardiac output [53]. On the other hand, dobutamine 
corrected gastric mucosal acidosis in patients with 
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Figure 7 Changes in splanchnic blood flow and gastric pH; in 
response to dobutamine after cardiac surgery [data adapted 
from ref. 53]. Gastric mucosal acidosis worsens especially in 
patients with low cardiac output despite the increased 
splanchnic blood flow. 


sepsis [31]. Evidently, the underlying disease can 
modify the splanchnic blood flow responses to 
vasoactive drugs. 

The cause for the decrease in gastric pH, despite 
increased blood flow is not clear. The effects of a 
vasoactive drug may not be uniform throughout the 
splanchnic region: vasopressor therapy with dopa- 
mine or noradrenaline in experimental endotoxin 
shock increases regional vascular resistance of the 
colon, while the perfusion in the other parts of 
splanchnic region is well maintained [4]. The effects 
of vasoactive drugs on microcirculation may differ 
despite similar effects on blood flow distribution in 
major vessels [21]. Observations in experimental 
peritonitis support this concept: treatment with 
dobutamine produced more hepatocellular damage 
compared with dopexamine [75]. The catecho- 
lamines may also markedly modify the activity of 
various metabolic pathways in the liver [3] and 
simultaneously alter the splanchnic blood flow and 
its distribution. Accordingly, catecholamines may 
induce regional perfusion abnormalities and alter the 
balance between regional oxygen delivery and tissue 
metabolic demands. 


Non-adrenergic vasodilators 


The effects of vasodilators on splanchnic blood flow 
are controversial. Experimental studies suggest that 
vasodilators (adenosine and isoprenaline) may induce 
a vascular steal phenomenon within the intestinal 
circulation by redistributing the blood flow despite 
an overall increase [66]. 

In patients with chronic congestive heart failure, 
nitrates and sodium nitroprusside had no effect on 
the hepatosplanchnic blood flow despite increased 
cardiac output, indicating blood flow redistribution 
[40]. In contrast, sodium nitroprusside increased 
hepatosplanchnic blood flow in parallel with cardiac 
output in postoperative cardiac surgery patients [54]. 
Despite the increase in splanchnic blood flow, gastric 
pH, decreased slightly. 

Angiotensin converting enzyme inhibitors either 
had no effect or slightly reduced the hepato- 
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splanchnic flow in cardiac failure [40]. After cardiac 
surgery, enalapril had no effect on either cardiac 
output or hepatosplanchnic blood flow, but reduced 
the gastric pH, [52]. 

The effect of vasodilators on hepatosplanchnic 
blood flow or gastric pH, have not been studied in 
septic patients. Nevertheless, the available data 
suggest that also the effects of vasodilators are 
modified markedly by the underlying clinical con- 
dition. It seems likely that redistribution of blood 
flow may occur at the level of both macro- and 
microcirculation. 
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Splanchnic ischaemia/reperfusion and multiple organ failure 


W. L. BIFFL AND E. E. Moore 


Multiple organ failure (MOF) remains the leading 
cause of delayed mortality in surgical intensive care 
units. A recent epidemiological review revealed that 
61% of late deaths in our trauma centre were the 
result of organ failure [117]. Once established, MOF 
defies our standard critical care supportive measures: 
mortality ranges from 40-100%, and is related 
directly to the number and duration of organ failures 
[65]. Unfortunately, basic laboratory investigations 
have been hampered by a lack of understanding of its 
underlying pathophysiology. As a result, neither the 
incidence nor the mortality of the syndrome has 
improved significantly in recent years. Our trauma 
research centre has actively sought to define and 
characterize MOF, and to elucidate the mechanisms 
responsible for its progression. This review will 
attempt to highlight our current knowledge, par- 
ticularly with regard to the role of splanchnic 
ischaemia and reperfusion (I/R) in MOF. It is our 
hope that by identifying pathogenetic mechanisms of 
MOF, we may ultimately be able to design and time 
therapeutic interventions to prevent or reverse the 
deadly process. 


Historical perspective 


MOF has been called a “syndrome of surgical 
progress”, as its emergence appears to have been a 
direct result of our ability to manage single-organ 
failures successfully. Significant refinements in sur- 
gical technique and perioperative care have often 
occurred during times of war, owing to the avail- 
ability of larger, more concentrated experiences. For 
example, in the First World War, “wound shock”, 
or a deficiency of circulating blood volume, was a 
common cause of death. Studies performed in the 
post-war period demonstrated the role of acute blood 
loss in the pathogenesis of traumatic shock, leading 
to more widespread use of blood transfusions [21]. 
Not surprisingly, the aggressive administration of 
blood in the Second World War was credited with 
the reduced early mortality from shock. However, 
reports at the end of the Second World War noted 
that many of the wounded went on to develop acute 
renal failure. This continued to be a problem during 
the Korean War. In fact, among those wounded in 
Korea who reached forward hospitals alive, renal 
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failure was blamed for over 50% of later fatalities 
[127]. Basic scientific investigations supported the 
addition of crystalloid solutions to blood trans- 
fusions. More vigorous fluid resuscitation during the 
Vietnam War led to a 20- to 30-fold reduction in the 
incidence of renal failure compared with the Korean 
experience. However, a new problem came to the 
forefront in Vietnam: “shock lung’—the acute 
respiratory distress syndrome (ARDS) [8]. Of note, 
in accounts of the Korean conflict, there was virtually 
no mention of pulmonary problems. Advances in 
respiratory care, and particularly in mechanical 
ventilation, allowed more patients to survive ARDS. 
Today, while our ability to sustain patients on 
mechanical ventilation has improved, the number of 
patients dying with ARDS remains high; this is 
because the actual cause of death has shifted to 
MOF. The identification of MOF as a distinct entity 
dates back to 1973, when Tilney, Bailey and Morgan 
[128] described the progressive failure of organ 
systems in patients following repair of ruptured 
abdominal aortic aneurysms. Baue [15] first sug- 
gested there was a sequential pattern to the MOF 
syndrome. In 1977, Eiseman, Beart and Norton [40] 
at our institution described its clinical presentation 
and coined the term “multiple organ failure”. Since 
that time, intensive research efforts have targeted the 
syndrome. 


Multiple organ failure syndrome 


Regardless of the inciting event, the syndrome of 
MOF generally follows a predictable course. Typi- 
cally, ARDS is first, followed by renal and hepatic 
dysfunction. Myocardial failure is a later (and often 
preterminal) manifestation. The reason for the early 
appearance of pulmonary failure is unclear; it may 
reflect a lesser functional reserve of the lung 
compared with liver or kidneys, or it may suggest 
that our ability to detect pulmonary dysfunction is 
more sensitive. The time course of MOF is variable, 
as it may be affected by the nature of the initial insult 
as well as by pre-existing disease. We have recently 
recognized a bimodal pattern in the development of 
MOF in a large series of severely injured patients, 
with distinct characteristics of each group [91]. Early 
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Table 1 Multiple organ failure (MOF) score* 


Organ Grade 1 Grade 2 Grade 3 





A Lung ARDS score > 5t ARDS score > 9 ARDS score > 13 


B Kidney Creatinine > 1.8} Creatinine > 2.5 Creatinine > 5.0 
C Liver Bilirubin > 2.0§ Bilirubin > 4.0 Bilirubin > 8.0 
D Heart Minimal inotropes** Moderate inotropes High inotropes 


*MOEF score = grade (A+B+C+D) not due to chronic disease. 

+See table 2 for ARDS score. 

+Creatinine (mg dJ-!). 

§Bilirubin (not due to biliary obstruction or resolving haematoma) in mg dl}. 

**Cardiac index < 3 litre min“! m? requiring inotropic support: minimal = dopamine or dobutamine < 5 ug kg 
min-'; moderate = 5~15 pg kg™! min”; high = > 15 pg kg™ min“. 


Table 2 Acute respiratory distress syndrome (ARDS) score* 











Parameter Grade 1 Grade 2 Grade 3 Grade 4 

A Chest x-ray Diffuse, Diffuse, marked Diffuse, Diffuse, 
mild interstitial/mild moderate severe 
interstitial airspace airspace airspace 
consolidation consolidation consolidation consolidation 

B Fig, (torr) 175-250 125-174 80-124 < 80 

C Ve (litre min“) 11-13 14-16 17-20 > 20 

D PEEP (cm H,0) 69 10-13 14-17 >17 

E Cstat (ml cm~! H,0) 40-50 30-39 17-20 <20 

/ Fig, = ratio of arterial oxygen tension to fractional inspired oxygen concentration; Ve = minute ventilation; 
P = positive end-expiratory pressure; Cstat = static compliance. 


*ARDS score = grade A (A+B+C+D+8) provided no clinical suspicion of pulmonary oedema. 


MOF (occurring within 72h of the initial insult) 
appears to be associated with more cardiac dys- 
function, and indices of shock are the critical risk 
factors. In addition, it takes a rapid course: those 
patients who die, succumb faster. In contrast, late 
MOF (> 72h after the initial insult) is associated 
with more hepatic dysfunction and advanced age. 
Infections appear to be more prominent in its 
pathogenesis, and non-surviving patients suffer a 
protracted course. 

To identify organ failure more precisely, nu- 
merous scoring and classification schemes have been 
applied to MOF [42, 46, 64]; a discussion of them is 
beyond the scope of this review. When we initiated 
our National Institutes of Health (NIH) Specialized 
Centers of Research (SCOR) project in 1987, we 
developed an MOF score for the purpose of 
identifying MOF as an endpoint, objectively and 
reproducibly. We initially experienced difficulties in 
applying the score in a multicentre trial, and 
subsequently revised it [115]. Our MOF score is now 
based on easily obtainable measurements of pul- 
monary, renal, hepatic and cardiovascular function 
(tables 1 and 2). Individual organ failure is defined as 
a grade of 2 or higher, and MOF is defined as a 
score of 4 or more, 48 h after admission. We do not 
consider scores in the first 48 h because they may 
reflect reversible derangements induced by the 
inciting event or by incomplete resuscitation. Gas- 
trointestinal, haematological, neurological and meta- 
bolic failure—included in the original score—were 
excluded from consideration because their defi- 
nitions were subjective and, more importantly, they 
did not contribute substantially to identifying MOF. 
Applying the MOF score in our critically ill patients 
has greatly facilitated our clinical research efforts, 
particularly in identifying risk factors for MOF 


[116]. Consequently, we have been able to focus our 
basic research effort on the highest-risk patients, 
characterizing many of the physiological derange- 
ments associated with severe injury and correlating 
them with the progression to MOF. Further, we 
have been able to develop laboratory models to 
mimic severe injury im vivo, and manipulate the 
inflammatory response in vitro. 


Pathogenesis of multiple organ failure 
INFECTION AND MULTIPLE ORGAN FAILURE 


Early reports of MOF implicated infection as the 
primary aetiological factor [109]. An influential 
paper by Fry and colleagues [46] in 1980 retro- 
spectively reviewed 553 patients requiring emergent 
operations. Thirty-eight (7%) developed MOF; of 
these, 89% had sepsis, leading the investigators to 
conclude that MOF was a “fatal expression of 
uncontrolled infection”. This study was pivotal in 
the subsequent adoption of an aggressive policy of 
mandatory laparotomy to drain intra-abdominal 
abscesses in MOF patients. This seemed a rational 
approach at the time, particularly since the primary 
experiences being reported were from urban trauma 
centres, in which penetrating injuries were fre- 
quently complicated by secondary infections. How- 
ever, a provocative paper by Norton [98] in 1985 
showed that drainage of intra-abdominal abscesses 
resulted in reversal of MOF in a dishearteningly 
small number of patients. Thus, it appeared that an 
abscess may promote MOF but was not necessary to 
perpetuate it. An alternative viewpoint was offered 
in reports from Europe around this time, which 
emphasized that a large number of patients with 
clinical sepsis could develop MOF and die without a 


Splanchnic tschaemia/reperfusion and multiple organ failure 61 


focus of infection. Faist and colleagues [42] reviewed 
433 trauma patients, of whom 8% developed MOF; 
of these, only 59 % had sepsis. Goris and colleagues 
[50] examined the role of sepsis in MOF. Bacterial 
sepsis was confirmed in just 33 % of trauma patients, 
compared with 45 % of intra-abdominal sepsis (non- 
trauma) patients. 

Continuing with the theme of infection as the 
aetiological agent of MOF, Marshall and colleagues 
[76] analysed nosocomial infections bacteriologically 
and concluded that the proximal gastrointestinal 
tract was the occult source of infection. Indeed, 
extensive basic research, employing a variety of 
rodent models, offered compelling evidence invoking 
translocation of bacteria or endotoxin as the common 
precipitating event for MOF after injury or haem- 
orrhagic shock [12, 35, 73, 120]. However, consider- 
able debate has centred around whether microbial 
translocation is a clinically important phenomenon 
[95]. We performed a prospective clinical trial to 
verify bacterial translocation in 29 patients sus- 
taining major trauma [90]. In this patient population 
(with a 30% incidence of MOF), we were unable to 
detect bacteria in either portal or systemic circulation 
within the first 5 days after injury. In addition, 
we found no elevations of tumour necrosis factor 
(TNF) to suggest endotoxaemia. Similar findings 
were reported by other contemporary investigators. 
Peitzman and colleagues [104] found no evidence of 
bacterial translocation in 25 injured patients, despite 
a mortality of 16% and a 40% major complication 
rate. Morales and colleagues [92] found no evidence 
of translocation in a porcine model of haemorrhagic 
shock. Additional evidence minimizing the contri- 
bution of translocation came from trials using 
selective gut decontamination to suppress intestinal 
aerobic flora (and thereby limit the translocation of 
microbes). This intervention has not proved bene- 
ficial in reducing MOF or mortality [28, 51]. Thus, 
while early studies correctly observed that infection 
with systemic sepsis can cause MOF, MOF fre- 
quently occurs in the absence of infection. Based on 
these findings, our investigations were redirected 
towards elucidating alternative mechanisms pro- 
moting the postinjury systemic inflammatory re- 
sponse syndrome (SIRS) and ultimately MOF. 


SYSTEMIC INFLAMMATORY RESPONSE SYNDROME 


The systemic clinical manifestations of Gram- 
negative bacterial sepsis can be mimicked by other 
infectious organisms, as well as by stimuli that lead 
to a prolonged and excessive inflammatory response. 
To standardize communication in this area, a 
consensus paper by the American College of Chest 
Physicians/Society of Critical Care Medicine pro- 
posed definitions pertaining to sepsis and organ 
failure [32]. The term “SIRS” refers to the in- 
flammatory response to infectious or non-infectious 
processes. SIRS is defined as two or more of the 
following clinical conditions, independent of cause: 
(1) body temperature > 38 °C or < 36 °C; (2) heart 
rate > 90 beat/min; (3) tachypnoea, manifest by 
respiratory rate > 20 breaths/min or hyperventi- 
lation indicated by Pago, < 32 torr; (4) alteration 


First Second 
hit hit 


Splanchnic 
ischaemia 
and 
reperfusion 


Late 
MOF 





I 
1 
1 
1 
1 
t 
i 
I 
i 
[i 
I 





Cannot Early 
resuscitate 
Figure 1 The “two-hit” model of postinjury multiple organ 
failure (MOF). The initial insult (first hit) causes splanchnic 
hypoperfusion, resulting in systemic inflammatory response 
syndrome. Some patients immediately progress to early MOF; 
others are “primed” such that a second hit results in 
progression to late MOF. 


of the white blood cell count with > 12 x 106 cells/I 
or < 4x 10° cells/l. “Sepsis” refers to SIRS of an 
infectious origin. The recognition of SIRS inde- 
pendent of infection has stimulated several new 
hypotheses regarding the underlying mechanism of 
MOF. The focus of recent thought is that MOF 
represents the culmination of a generalized and 
excessive neuroendocrine, immune and inflam- 
matory response to an insult—a modern “horror 
autotoxicus’”’ [16]. 


THE ‘‘ TWO-HIT’’ MODEL OF MULTIPLE ORGAN 
FAILURE 


The realization that the host is destroying itself, and 
is not being consumed by micro-organisms, shifted 
research efforts from the detection and treatment of 
infections to characterization and attenuation of the 
initial insult. Our SCOR project proposed a “‘two- 
hit” model of MOF several years ago (fig. 1). Briefly, 
an initial insult (the “first hit”) “primes” the 
inflammatory system such that the response of the 
system to a second insult (the “‘second hit’’) is 
exaggerated. This exaggerated response can pre- 
cipitate MOF. The correlate of this model at the 
cellular level is the priming and activation of 
polymorphonuclear leucocytes—neutrophils (PMN) 
[23]. The second hit may be virtually any insult, 
including infection, anaesthesia, an episode of hy- 
potension, etc. In some cases, the patient suffers 
such a massive first hit that he or she deteriorates 
rapidly into MOF. 

Our trauma research centre has examined the 
underlying pathophysiology of the first hit, and 
attempted to identify indicators of primed patients 
who are at risk for MOF after a second hit. A 
number of diverse clinical conditions have been 
reported to precede the progression to MOF (i.e. 
first hits); in general, the insults may be classified as 
infection, inadequate tissue perfusion, inflammation, 
or dead or injured tissue. Consequently, there are 
several existing hypotheses regarding what consti- 
tutes the first hit, although none have been accepted 
wholeheartedly. One prominent theory is the “‘gut 
hypothesis”, which suggests that the gut is the 
“motor of MOF” [84]. 
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Splanchnic ischaemia/reperfusion 


The splanchnic circulation is particularly vulnerable 
to hypoperfusion. Several investigators have demon- 
strated that in low-flow states such as haemorrhagic 
shock, perfusion of the splanchnic bed decreases 
dramatically and out of proportion to the overall 
decrease in cardiac output [2, 11, 82]. Furthermore, 
the splanchnic circulation is the last to be restored 
after resuscitation. Gastric intramucosal pH measure- 
ments have a high specificity for predicting patient 
survival in the intensive care unit [38]. Maynard and 
colleagues [79] found gastric intramucosal pH to be 
an earlier and more reliable predictor of outcome 
than cardiac index, oxygen delivery or oxygen 
consumption, prompting Dantzker [34] to refer to 
the gastrointestinal tract as “‘the canary of the 
body”. 

The mechanism of disproportionate splanchnic 
vasoconstriction is probably multifactorial. Auto- 
nomic (neurally mediated a-adrenergic stimulation 
of postcapillary venous beds), humoral (vasopressin 
and angiotensin IT), and local factors (prostaglandins 
PGF,,, PGB, and PGD,, leukotrienes C, and D, 
some thromboxane analogues and nitric oxide in- 
hibition) all appear to be involved. In addition, 
motor activity and luminal distension can cause 
hypoperfusion of intestinal segments [74, 103]. The 
relative contribution of each factor is unclear. 
Although there is increased sympathetic nervous 
system activity in low-flow states, disproportionate 
splanchnic vasoconstriction is not ameliorated by a- 
adrenergic block [82] or mesenteric arterial dener- 
vation [2]. In contrast, the vasoconstriction can be 
abrogated by pharmacological or surgical ablation of 
the renin—angiotensin axis, suggesting a primary role 
of the axis in mediating the effect [11]. 

Tissue ischaemia initiates a sequence of events 
that may ultimately lead to cellular dysfunction and 
necrosis. The primary mechanism is depletion of 
cellular energy stores and accumulation of toxic 
metabolites. Resumption of blood flow is necessary 
for cellular salvage; however, reperfusion of isch- 
aemic tissues paradoxically creates more tissue 
injury. In fact, Parks and Granger [102] have shown 
that relatively little intestinal mucosal injury occurs 
during ischaemia compared with reperfusion. Inter- 
estingly, anoxic reperfusion of ischaemic tissues 
results in very little damage, suggesting that the 
formation of oxygen-derived cytotoxic products is 
critical in I/R injury [72, 105]. 


REACTIVE OXYGEN METABOLITES IN REPERFUSION 
INJURY 


Molecular oxygen (O,) can accept a total of four 
electrons to form water (H,O); however, stepwise 
reduction of O, generates different species of 
oxidants. The univalent reduction of O, yields the 
superoxide anion radical (O,-). The cellular toxicity 
of Oy is attributed to its role as a precursor of more 
reactive species. Hydrogen peroxide (H,O,) is 
formed as a result of the divalent reduction of O,, or 
the dismutation of O,-. The latter occurs spon- 
taneously and rapidly in aqueous solution, so that the 
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production of O; is generally associated with the 
generation of H,O,. 

Finally, through the Haber-Weiss reaction, O.~ 
and H,O, interact to produce the hydroxyl radical 
(-OH), the most potent known oxidizing agent [136]. 
The result of the formation of these reactive oxygen 
metabolites (ROM) is damage to membrane lipids, 
nucleic acids, enzymes and receptors, with impaired 
cellular function and eventual necrosis [121]. The 
formation of ROM after reperfusion has been 
detected using electron-spin resonance spectrometry 
[97] and chemiluminescence [129]. These studies 
demonstrate a burst of ROM formation immediately 
after reperfusion, lasting 2-5 min. Free radical 
scavengers such as superoxide dismutase (SOD) can 
suppress the respiratory burst. The ROM generated 
during reperfusion have been directly implicated 
in tissue injury. Increases in microvascular per- 
meability induced by I/R can be attenuated by SOD, 
copper diisopropyl salicylate (an SOD mimetic), 
calatase (an enzyme that catalyses H,O, dispro- 
portionately to H,O and O,), and non-enzymatic 
scavengers of -OH including dimethyl sulphoxide, 
dimethyl thiourea and mannitol [136]. 


XANTHINE OXIDASE IN REPERFUSION INJURY 


Xanthine oxidase (XO) is the rate-limiting enzyme 
in nucleic acid degradation, through which all 
purines are channelled for terminal oxidation. XO 
can generate O, and H,O, during the oxidation of 
hypoxanthine or xanthine. In healthy, non-ischaemic 
cells XO exists predominantly as the NAD*- 
dependent xanthine dehydrogenase (XD), which 
does not use O, as an electron acceptor and thus does 
not produce O, or H,O,. During tissue ischaemia, 
XD is converted to XO [14]. In comparison with 
other tissues, the intestinal mucosa has a tremendous 
capacity to oxidize hypoxanthine via XO. In fact, in 
humans, liver and intestine have the highest XO 
activity of any tissue [52]. The role of XO in 
intestinal reperfusion injury has been directly as- 
sessed. The XO inhibitors allopurinol, oxypurinol 
and pterin aldehyde all attenuate I/R-induced micro- 
vascular permeability. In addition, XO inactivation 
by adminstration of a tungsten-supplemented, 
molybdenum-deficient diet (tungsten replaces 
molybdenum in the active site of XO, rendering it 
inactive) has the same effect [136]. 


NEUTROPHILS IN REPERFUSION INJURY 


Neutrophils (PMN) represent another source of 
ROM. NADPH oxidase in PMN reduces O, to O,°. 
In addition, PMN-derived myeloperoxidase cata- 
lyses the formation of hypochlorous acid (HOCI) 
from chloride ions and H,O,. HOC! is approximately 
100 times as reactive as H,O, as an oxidizing and 
chlorinating agent. It reacts with primary amines to 
form N-chloro derivatives, potent oxidizing agents 
which are likely mediators of cellular injury [136]. 
The potential role of PMN in reperfusion injury 
has been studied extensively. PMN exist in high con- 
centrations in intestinal mucosal tissue (10° PMN/g 
tissue) [52]. This population of cells is capable 
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of producing enough O,~ and cytotoxic enzymes (e.g. 
elastase, collagenase) to injure or destroy paren- 
chymal and endothelial cells. Ischaemia and, to a 
greater degree, reperfusion of intestine lead to a large 
influx of PMN. Based on pretreatment with various 
compounds, it appears that ROM play a role in 
PMN recruitment [54, 125]. Hernandez and col- 
leagues [55] demonstrated that PMN are the primary 
mediators of I/R-induced intestinal microvascular 
permeability. They further identified PMN- 
endothelial adhesion via the PMN CD18 membrane 
receptor as an essential component of I/R injury. 
Using intravital microscopy, Granger and colleagues 
[53] observed that I/R greatly exacerbates PMN- 
endothelial adhesion over ischaemia alone, and 
demonstrated that XO-derived ROM initiate the 
adherence of PMN to endothelium. 

‘The above studies have provided a framework for 
intestinal I/R injury: I/R results in the generation of 
ROM which play a role in attracting PMN to the 
intestinal microvasculature, promoting adherence to 
the endothelium, and allowing PMN-mediated tissue 
injury with increased microvascular permeability. 
We became interested in this sequence of events as it 
related to distant organ injury. 


Splanchnic ischaemia/reperfusion as a model 
of systemic inflammation 


Although a number of inflammatory cascades have 
been incriminated in the pathogenesis of MOF, an 
attractive unifying concept is diffuse PMN-mediated 
tissue injury. The PMN is well equipped for 
cytotoxicity via oxygen dependent (NADPH oxidase) 
and independent (proteolytic enzymes) mechanisms, 
and PMN have been incriminated directly in the 
pathogenesis of ARDS and MOF [99, 126, 133]. 
PMN can be activated by I/R [25, 45, 49], and they 
have been demonstrated in distant organs following 
I/R insults [6, 118, 130]. Thus, we hypothesized 
that after injury splanchnic I/R creates a local 
environment that primes circulating PMN which 
mediate distant organ injury. 

We developed a rodent model of splanchnic I/R 
[107]. In brief, adult, mature Sprague-Dawley rats 
(350-400 g) were anaesthetized and via a midline 
laparotomy the superior mesenteric artery (SMA) 
was occluded at its origin. After 45 min of intestinal 
ischaemia, the clamp was removed, the incision was 
closed and the animals were allowed to wake. The 
45-min clamp time was based on preliminary studies 
demonstrating 100% survival and no intestinal 
mucosal histological changes at 24h. We found that 
splanchnic I/R results in reversible liver and lung 
injury (as measured by microvascular permeability). 
This effect was not seen in PMN-depleted rodents, 
implicating PMN in the injury. Work before this in 
our laboratory had shown that depletion of XO 
activity by tungsten diet decreased lung PMN 
accumulation following haemorrhagic shock [5]. We 
were interested in the role of XO in our I/R model, 
and repeated the experiments with the I/R insult. 
We found that XO inactivation, like PMN depletion, 
abrogated the effects of I/R on distant organs [108]. 
In attempting to sequence the events after splanchnic 
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Figure 2 The sequential insult rodent model of MOF. a: 
Laparotomy (LAP) or laparotomy with splanchnic ischaemia 
and reperfusion (I/R) were performed alone, or followed in 6h 
by lipopolysaccharide (LPS) (LAP +LPS or I/R+LPS). LPS 
resulting in polymorphonuclear leucocyte sequestration with or 
without I/R. Sequential results (I/R followed by LPS) resulted 
in increases in lung leak (8) and mortality (c). * Denotes 
difference from LAP and I/R; ** denotes difference from LAP, 
I/R, and LAP+LPS (P < 0.05). 


I/R, we identified XO activation as a proximal event, 
whose blockade attenuated splanchnic PMN ac- 
cumulation, circulating PMN priming and lung 
injury [71]. 

Clinical experience indicated that multiple insults 
(the two-hit model) were more typical of MOF. 
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Figure 3 Priming of polymorphonuclear leucocytes (PMN) in 
the portal vs systemic circulation after splanchnic I/R, at 

90 min of reperfusion. Priming measured as superoxide 
generation following formyl-methionyl-leucyl-phenylalanine 
({MLP) stimulation. * Denotes difference from aortic samples. 
(O) —fMLP; (W) +fMLP. 


Thus, our working hypothesis became that splanch- 
nic I/R initially primes the systemic inflammatory 
cascade, and when followed by an activating stimulus 
during the vulnerable “primed” period, results in 
distant organ injury. To test this hypothesis, we 
developed a sequential insult model in which the 
priming event was splanchnic I/R, and the activating 
event was injection with low-dose endotoxin. Six 
hours into reperfusion, the study animals were 
administered low-dose bacterial lipopolysaccharide 
(LPS) (Salmonella typhimurium), 2.5 mg kg™ i.p. 
The LPS dose was based on a dose which did not by 
itself produce lung leak. We found that PMN were 
sequestered in the lung after LPS administration, 
either with or without previous I/R insult. Lung 
injury was not seen after I/R or LPS alone but was 
caused by the sequential insults. Finally, there was a 
39% mortality in the sequential insult group, 
compared with <4% morality in all other study 
groups (fig. 2) [70]. In summary, a relatively brief 
period of splanchnic I/R appeared to prime the 
inflammatory response such that low dose LPS 
exposure during the vulnerable period activated the 
system, resulting in distant organ injury. Further- 
more, splanchnic I/R promoted PMN sequestration 
in the lung, and the arrival of PMN correlated 
temporally with progressive endothelial dysfunction. 
Conversely, the mere presence of increased numbers 
of PMN (after LPS alone) was insufficient to produce 
lung injury. 

Our hypothesis then became that splanchnic I/R 
provokes distal organ injury via a mechanism 
involving priming of circulating PMN in the reper- 
fused splanchnic bed. Priming was measured as 
O7 generation stimulated by low dose formyl- 
methionyl-leucyl-phenylalanine (fMLP 10 mol 
litre"). In our I/R model, we had noted that 
circulating PMN become primed at 2h of reper- 
fusion [66]. To determine whether priming occurred 
in the splanchnic circulation, we measured priming 
of PMN drawn from the splanchnic inflow (aorta) as 
well as the splanchnic outflow (portal vein) after 
90 min of reperfusion. We found primed PMN in 
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the portal vein but not the aorta (fig. 3) [44]. Around 
this time, Johnston and colleagues [61] showed that 
mediators of gut origin are responsible for I/R- 
induced injury, and that bypassing the liver has no 
effect on the injury. 

Our next series of studies focused on the mech- 
anism of PMN priming in the splanchnic circulation. 
Although we had not found evidence of bacterial 
translocation in our severely injured patients who 
developed MOF [90], we were interested in whether 
LPS was involved in PMN priming in our I/R 
model. We measured LPS levels in the plasma of 
laparotomized rodents vs those subjected to splanch- 
nic I/R, and found no difference. In addition, 
elimination of LPS by E5 monoclonal antibody had 
no effect on PMN priming after I/R [69]. As we had 
previously suspected, something other than LPS is 
responsible for PMN priming and activation after 
splanchnic I/R. We began our search for inflam- 
matory mediators capable of PMN priming, which 
were generated in the gut. 


Gut-derived mediators of neutrophil 
priming 

Although numerous inflammatory mediators have 
been identified as contributors to SIRS and MOF, 
our investigations have identified two particular 


compounds as relevant gut-derived mediators of 
PMN priming: PAF and IL-6. 


PLATELET~ACTIVATING FACTOR 


Platelet-activating factor (PAF) is a biologically 
active phospholipid which is synthesized de novo 
continuously, but which may be generated to a 
greater degree via remodelling of membrane-bound 
lipids. Phospholipases catalyse the splitting of mem- 
brane phospholipids. Phospholipidase A, (PLA,) is 
designated as such because it cleaves the fatty acid 
(Acyl) group from the middle (sn-2) carbon of the 
phospholipid’s glycerol backbone [4]. If the sn-2 
acyl group is arachidonate, eiconsanoid synthesis is 
initiated. When the remaining phospholipid has an 
O-alkyl ether in the sn-1 position and a phospho- 
choline moiety in the sn-3 position, lyso-PAF is 
formed and PAF synthesis is initiated by a calcium- 
dependent acetyltransferase. PLA, can be activated 
by ROM [29]; in addition, ROM inhibit PAF 
acetylhydrolase, the enzyme that catabolises PAF 
[3]. Given the high concentration of PLA, in 
intestinal mucosa, PLA, activation and subsequent 
PAF formation are a likely consequence of splanch- 
nic I/R [4, 101]. 

PAF has many known pro-inflammatory effects, 
including PMN priming and PMN-endothelial 
adherence [7, 47, 58, 87,111,131]. Few clinical 
studies have actually documented increases in PAF 
concentrations after injury, in part because of the 
inherent logistic difficulties in its detection and 
quantitation. Nevertheless, there is compelling evi- 
dence involving PAF in  postinjury hyper- 
inflammation [24, 93. 106, 123, 124]. Furthermore, 
I/R-induced PMN adherence to endothelium can be 
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Figure 4 Temporal sequence of events pertinent to the 
pathophysiology of splanchnic I/R-induced distant organ 
injury, based on studies from our laboratory. Activation of 
intestinal phospholipase A, (PLA,) during ischaemia is a 
proximal event; accumulation of polymorphonuclear leucocytes 
(PMN) in the gut precedes recovery of primed PMN from the 
circulation. PMN are sequestered in the lung, and then lung 
leak is noted. MPO = myeloperoxidase. 


diminished by PAF-receptor antagonists [110, 135]. 
Our finding that PAF was responsible for PMN 
priming in patients after both thermal and mech- 
anical trauma [106] prompted a series of laboratory 
investigations. Activation of gut PLA, was tem- 
porally correlated with PMN priming in our rodent 
mesenteric I/R model (fig. 4); inhibition of PLA, 
was protective against distant organ injury [68]. We 
subsequently confirmed PAF production in the distal 
small bowel after gut I/R, and a PAF-receptor 
antagonist inhibited PMN priming in this setting 
[63]. 


INTERLEUKIN 6 


Interleukin 6 (IL-6) is considered an integral me- 
diator of the physiological acute phase response to 
injury [27]; however, excessive and prolonged 
elevations of circulating IL-6 concentrations in 
patients after trauma, burns and elective surgery are 
associated with morbidity and mortality [9, 33, 39, 
41, 85, 114]. The precise role of IL-6 in mediating 
adverse post-injury events remains ill-defined ; more- 
over, the specific source and stimuli of IL-6 are not 
entirely clear. IL-6 is inducible in nearly every 
human tissue and cell type; numerous cytokines, 
growth factors, hormones, neuropeptides, leuko- 
trienes and microbial products stimulate its pro- 
duction. The short half-life of IL-6 in serum (less 
than 1h) combined with the fact that IL-6 is 
constantly detected in blood, suggests continuous 
production of IL-6. An intestinal source of IL-6 
after surgery and trauma has been suggested. Baigrie 
and colleagues [10] found significantly higher 
elevations of IL-6 in inferior mesenteric veins than 
systemic veins during and after aortic cross-clamping 
in aortic surgery. Similarly, Wortel and colleagues 
[134] detected IL-6 in higher concentrations in 
portal vs peripheral venous blood in patients after 
pancreatic and hepatic resolutions. Deitch and 
colleagues [36] found higher IL-6 concentrations in 
portal ws cardiac blood after haemorrhagic shock in 
rats. Thus, IL-6 appears to be generated in the gut 






after systemic insults. In fact, Meyer and colleagues 
[86] have demonstrated IL-6 production in intestinal 
mucosa in vivo. 

IL-6 is capable of promoting hyperinflammation 
and organ injury. It increases endothelial per- 
meability in the absence of PMN [78]. In addition, 
accumulating evidence suggests that IL-6 mediates 
inflammation by modulating the functional rep- 
ertoire of the mature PMN. Circumstantial evidence 
comes from a recent study showing coordinate 
increases in circulating concentrations of IL-6 and 
PMN elastase after aortic cross-clamping [62], 
raising the possibility that IL-6 may be involved in 
reperfusion injury. Oka and colleagues [100] demon- 
strated that patients with postoperative compli- 
cations had higher concentrations of IL-6 than those 
without complications; furthermore, PMN priming 
for release of elastase was also higher in the cohort 
with complications. Redmond and colleagues [112] 
demonstrated that open cholecystectomy patients, 
shown to have higher IL-6 concentrations, had 
increased PMN chemotaxis and priming for Oy 
release compared with laparoscopic cholecystectomy 
patients. In addition, the open cholecystectomy 
group had more septic complications. We have 
studied the effects of IL-6 on PMN cytotoxic 
functions in vitro, and found that IL-6 can sensitize 
PMN to the effects of a subsequent inflammatory 
mediator [20]. IL-6 by itself does not prime PMN 
for O, release; however, when quiescent PMN are 
incubated with IL-6 and then exposed to PAF, the 
PMN are primed for O, release. The concentration 
of PAF required for this effect is 100-fold lower 
than that required to prime PMN without prior 
IL-6 stimulation. Mullen and colleagues [94] 
have similarly demonstrated synergy between IL-6 
and TNF-a in PMN priming. IL-6 may also 
affect PMN-mediated inflammation by modulating 
apoptosis, or programmed cell death. PMN flux into 
the interstitial space is unidirectional, and PMN must 
meet their fate in situ. The physiological mechanism 
of obligatory PMN clearance is believed to be 
apoptosis. Senescent, apoptotic PMN initiate a signal 
prompting macrophage phagocytosis. This cyto- 
phagocytosis resolves inflammation without acti- 
vation of the macrophage or exocytosis of cytotoxic 
PMN contents. Recently, this process has been 
identified as an important mechanism in the normal 
resolution of inflammatory processes and the limi- 
tation of inflammatory tissue injury. We have found 
that IL-6 delays PMN apoptosis, resulting in a 
larger population of non-apoptotic (surviving) PMN 
with a greater collective capacity for O7 production 
than untreated PMN [18]. The IL-6-mediated delay 
of PMN apoptosis could postpone the clearance of 
PMN from a site of inflammation, prolong release of 
ROM and proteolytic enzymes and aggravate PMN- 
mediated tissue injury and organ failure. 

Although a direct causal link has not been made 
between IL-6 and MOF, there is an increasing body 
of evidence suggesting IL-6 is a pivotal component 
of the hyperinflammatory cytokine cascade driving 
SIRS. Simms and colleagues [119] studied patients 
with SIRS, and found that PMN had upregulated 
functions during SIRS; this upregulation persisted 
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in patients who developed MOF but not in those 
who did not develop MOF. An anti-IL-6 antibody 
was effective in reducing PMN oxidative responses, 
implicating IL-6 as the primary PMN stimulant in 
the circulation. Gennari and colleagues [48] demon- 
strated that IL-6 neutralization decreased IL-6 
concentrations and bacterial translocation, and im- 
proved bacterial killing; in addition, a correlation 
between IL-6 concentrations and survival time was 
observed. 

While other cytokines (e.g. TNF and IL-1) may 
also be generated in the gut, IL-6 has been the one 
most consistently associated with adverse clinical 
outcomes. For example, we measured IL-6 and 
TNF concentrations in patients sustaining major 
trauma [90]. IL-6 concentrations were elevated 
immediately after injury, but TNF concentrations 
were not higher than uninjured controls at any time. 
Hoch and colleagues [57] found elevations of IL-6 
and IL-8 in proportion to the severity of injury in 
trauma patients, but detected no endotoxin or IL- 
la, and no elevations of TNF-a. Meade and 
colleagues [83] similarly found elevated concen- 
trations of IL-6 and IL-8 after injury, but could not 
detect IL-1B, TNF-« or endotoxin at any time. In 
this study, both IL-6 and IL-8 concentrations 
remained elevated for more prolonged periods in 
patients who developed ARDS. In patients under- 
going elective surgery, DiPadova and colleagues [37] 
found early increases in IL-6 after surgery, but did 
not see increases in IL-1 or TNF. In an animal 
model of I/R injury, Cipolle and colleagues [31] 
found IL-6 but not TNF after reperfusion. Marty 
and colleagues [77] showed that IL-6 concentrations 
were higher in non-survivors than surviving MOF 
patients, and that IL-6 elevations were similar in 
MOF of septic and non-septic origin. In liver 
transplant patients with MOF and suspected bac- 
terial infections, Rosenbloom and colleagues [113] 
found IL-6, but not IL-1f or TNF, to correlate with 
organ failure. 

Thus, there is a great deal of evidence for the 
critical involvement of IL-6 in hyperinflammation 
after injury. IL-6 appears to exert its effects via a 
PAF mechanism [17], and actually stimulates PMN 
to produce PAF [19]. Clearly, the next step in the 
study of IL-6 is to attempt to inhibit it in a 
splanchnic I/R model. 


Mechanisms of distant organ injury 


Our trauma research centre programme has recently 
focused on the mechanisms involved in distant organ 
injury. Presuming primed PMN exiting the splanch- 
nic circulation are the mediators of distant organ 
injury, we have been interested in the interactions 
involved in PMN-mediated organ dysfunction. 
PMN-endothelial interactions are pivotal in tissue 
injury. Conceptually, there are at least three dis- 
tinguishable phases of PMN-endothelial inter- 
actions, which involve different families of adhesion 
molecules [26]. The first is a low-affinity process, 
thought to be mediated by endothelial expression of 
selections (E, P and L), which produces rolling of 
PMN along the endothelium. The second phase is 
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high-affinity, firm adhesion of PMN, mediated 
primarily by intercellular adhesion molecule 
(ICAM)-1 on the endothelium and the CD11/CD18 
(B,-integrin) complex on the PMN. ICAM-1 is also 
directly involved in the third phase, transendothelial 
migration. Blockade of the neutrophil CD11b re- 
ceptor has been shown to be effective in reducing 
liver and lung injury after I/R [56,67]. We have 
identified ICAM-1 as a pivotal regulator of PMN- 
mediated cytotoxicity im vitro [13], and several 
investigative groups have demonstrated a role for 
ICAM-1, in I/R-induced injury [43, 96, 122, 132]. 
Finally, recent evidence has implicated both IL-6 
and PAF in upregulating ICAM-1 after I/R injury 
(30, 75]. 


Future directions 


The data reviewed here strongly implicate splanchnic 
I/R in the genesis of malignant hyperinflammation 
resulting in MOF. The precise mechanistic 
events and relevant temporal associations remain 
to be elucidated. Until we develop agents to 
interfere with the inflammatory cascade, we must 
focus on prevention and supportive care. The 
principles of aggressive resuscitation [88], early 
fracture fixation and tissue debridement [22], and 
enteral nutritional support with immune-enhancing 
diets [89] have all been shown to be beneficial in 
attenuating the inflammatory response and MOF. 
Resuscitation should be targeted towards aug- 
menting the splanchnic circulation. Recently, 
Ivatury and colleagues [59] showed that resuscitation 
of patients to supranormal levels of oxygen delivery 
and consumption did not consistently normalize 
gastric mucosal pH; however, when normalization of 
gastric mucosal pH was used as an endpoint of 
resuscitation, there was improved survival. This 
suggests that direct monitoring of the splanchnic 
circulation is preferable to systemic goal-oriented 
resuscitation. Low-dose dopexamine may prove a 
useful adjunct to augment splanchnic perfusion [80]. 
A final therapeutic intervention that may prove 
beneficial is the administration of inhaled nitric 
oxide (NO-). Jacob and colleagues [60] have found 
that trauma patients have inhibited NO- production. 
NO- has been used with increasing enthusiasm in the 
treatment of refractory ARDS [81]. Its ability to 
selectively vasodilate ventilated segments’ of lung 
improves ventilation: perfusion matching. In ad- 
dition, NO» has been shown to attenuate I/R- 
induced lung injury, presumably by inhibiting PMN 
influx into the lungs [1]. We have shown that NO- 
reduces endothelial expression of ICAM-1 (un- 
published data), providing a potential protective 
mechanism from I/R-induced lung injury. Thus, 
interventions to improve splanchnic perfusion in the 
postinjury period, and to attenuate the systemic 
inflammatory response to injury, are going to be 
critical in preventing MOF and improving patient 
outcome. 
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Determinants of intestinal barrier failure in critical illness 


J. S. ARANOW AND M. P. FINK 


The gut serves not only as a physiological portal for 
the entry of water and nutrients into the body, but 
also as a barrier limiting the systemic absorption of 
intraluminal microbes, microbial products, or both. 
Evidence exists to support the view that trauma, 
sepsis or other critical illnesses lead to derangements 
in the barrier function of the gut. One potential 
consequence of deranged barrier function is blood- 
stream invasion by gut-derived pathogens, leading to 
“primary” bacteraemias or fungaemias, or even 
metastatic infections. 

Another consequence of gut barrier dysfunction 
might be a several step process leading to a poorly 
controlled systemic inflammatory response and or- 
gan system failure. In the first step of this postulated 
pathophysiological process, microbes or toxins pas- 
sively diffuse or are actively transported out of the 
lumen of the gut into submucosal tissues. In step 
two, these microbes or toxins activate immune cells 
in tissues or organs, which are “downstream” from 
the mucosa (e.g. Kuppfer cells in the liver; macro- 
phages in the lamina propria of the gut, Peyer’s 
patches or mesenteric lymph nodes). In the third 
step, the activated immune cells release various 
inflammatory mediators (cytokines, nitric oxide, 
eicosanoids, platelet activating factor), which have 
been implicated as being important in the patho- 
genesis of multiple organ dysfunction. The hy- 
pothesis that the gut is an endogenous source of pro- 
inflammatory agents is attractive because it might 
explain why signs and symptoms of sepsis, such as 
fever, leucocytosis, hypermetabolism and organ 
system dysfunction, frequently are present in criti- 
cally ill patients, even in the absence of a well- 
defined focus of infection [42, 91, 92]. 


Components of the intestinal barrier 


Intestinal barrier function depends upon a stratified 
system of defences. These defences include the 
normal microbiological flora of the gut, enteric 
secretions, peristalsis, gut-associated immune cells 
and the epithelium itself. 

Under normal conditions, anaerobic organisms, 
growing as a carpet on the mucosal surfaces of the 
gut, limit colonization and overgrowth of other 
potentially invasive microbes [148]. However, in 
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critically ill patients, possibly because of the adminis- 
tration of broad-spectrum antibiotics, the gut com- 
monly becomes colonized by potentially pathogenic 
facultative Gram-negative bacilli, Gram-positive 
cocci and fungi [92,93]. These organisms are 
believed to express specialized virulence factors 
enabling mucosal adherence and penetration [136]. 

Mucins, secreted by epithelial goblet cells, create 
a protective viscous gel that hampers bacterial 
penetration [148]. In addition, active Cl- transport 
by epithelial cells promotes intraluminal fluid flux 
that washes away harmful agents [94]. Upregulation 
of mucosal CI- secretion occurs rapidly after ischae- 
mic [95] or toxic [94] insults, or both, through a host 
of autocrine, paracrine and, perhaps, hormonal 
mechanisms. Additionally, mucosal secretions are 
rich in IgA antibodies that bind and aggregate 
bacteria [3, 4, 136] and thereby aid in preventing 
adherence to the mucosa and subsequent trans- 
epithelial invasion. 

As the largest immunological organ of the body, 
the intestine contains numerous immunoreactive 
cells, including various subtypes of B- and T- 
lymphocytes, plasma cells, macrophages, neutro- 
phils, Paneth cells and specialized ‘‘M cells” [8, 65]. 
Together these cells are thought to help prevent 
systemic infection by lumenally derived invasive 
microbes. The gut associated lymphoid tissue 
(GALT) consists of three distinct populations: 
Peyer’s patches, immunocytes within the lamina 
propria, and interepithelial lymphocytes (IEL). 

Found throughout the length of the small in- 
testine, Peyer’s patches are mucosal and submucosal 
lymphoid follicles that are the site of B-cell differen- 
tiation and immunoglobulin (IgA) class commitment 
[8, 65]. A proportion of these B-lymphocytes even- 
tually migrate to the lamina propria, where they are 
critical in producing IgA that is secreted trans- 
cellularly by the epithelial cells. Antigen priming in 
intestinal lymphoid follicles produces selective hum- 
oral responses by stimulating clonal B-cell growth 
and migration to local as well as systemic sites. This 
function is facilitated by specialized epithelial cells, 
termed “M cells” [144], which selectively expose 
underlying lymphoid aggregates to luminal antigens 
thereby allowing continuous priming of lymphocytic 
defences. 

IEL and lamina propria lymphocytes are pre- 
dominately T-cells [8,21]. These two populations 
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differ in phenotype and purpose. IEL predominantly 
express the CD8 cell surface marker and display 
cytolytic activity. As the first T-cells exposed to 
luminal antigens, their defensive role against mi- 
crobial invasion is an active one. Exposure to 
infiltrating pathogens triggers both direct cytolytic 
activity as well as the release of cytokines that 
stimulate antigen-specific immune responses (IL-5) 
and epithelial growth (TGF-B). In contrast with 
IEL, lamina propria T-cells primarily express CD4 
antigen and act as facilitators of inflammation and 
epithelial defences [8]. Activated by specific anti- 
genic recognition, these cells turn on a cascade of 
protective reactions via cytokines. 

The most critical barrier against systemic ab- 
sorption of intraluminal microbes and microbial 
products is the epithelium per se. Structurally, the 
intestine is comprised of a single layered columnar 
epithelium arranged into villus and crypt compo- 
nents. Specialized cell-cell junctional complexes 
allow for selective paracellular permeability (tight 
junctions) [83], maintain intercellular adhesion (in- 
termediate junctions and desmosomes) [131] and 
permit intercellular communication (gap junctions) 
[166]. The zonula occludens is a circumferential 
band of apical tight junctions that limits paracellular 
passage of ions and fluid. Under normal circum- 
stances, tight junctions exclude passive movement of 
hydrophilic non-charged compounds with a mol- 
ecular radius > 11.5 A [83]. Substances that are 
therefore prevented from paracellular transepithelial 
movement include lipopolysaccharide (LPS) [149] 
and a variety of other bacterial-derived proinflam- 
matory substances, such as formyl-methionyl- 
leucyl-phenylalanine (FMLP) [22] and 
peptidoglycan-polysaccharides [77], which are pres- 
ent in high concentration within the lumen of the 
distal small intestine and colon. 


Assessment of intestinal mucosal barrier 
function 


In clinical and experimental studies, the integrity of 
the gut mucosal barrier has been assessed using two 
very different approaches. One method estimates the 
degree of transmucosal movement of bacterial or 
fungal pathogens from the intestinal lumen into the 
vascular or lymphatic systems, a process referred to 
as microbial translocation. The second method quanti- 
tates the permeability of the gut to various water- 
soluble probes. 

Microbial translocation does not necessarily imply 
the loss of epithelial integrity. Under some condi- 
tions, translocation in experimental animals sub- 
jected to a major stress (e.g. haemorrhage or 
endotoxaemia) appears to occur via tiny breaks in the 
continuity of the mucosal epithelial sheet [28, 31]. 
However, for the most part, translocation is a 
transcellular rather than a paracellular process [2, 
155, 158, 159]. Moreover, in many experimental 
studies, the extent of translocation is quantitated by 
enumerating viable colony-forming units (CFU) in 
mesenteric lymph nodes (MLN) or other organs. 
However, data using radioactively labelled lumenal 
bacteria indicate that this approach vastly under- 
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estimates the extent of translocation, because most 
microbes breaching the epithelial barrier are killed 
[40]. Increases in “translocation” evidenced by 
increases in CFU in MLN or other organs are 
predominantly the result of decreased killing rather 
than increased transepithelial penetration. 

Normally, the healthy intestinal mucosa manifests 
a very low basal level of permeability to large and 
middle-sized hydrophilic molecules. Systemic up- 
take of luminally placed water-soluble non-charged 
compounds such as mono- and disaccharides 
(e.g. rharmanose and lactulose), radiolabelled organic 
acid-transition metal complexes (e.g. chromium 
ehthylenediaminetetra-acetate [°'Cr-EDTA]), syn- 
thetic polymers (polyethylene glycol) or radio- 
labelled proteins (albumin) can be used to quantitate 
the rate of transepithelial flux. In such studies, two 
probes are commonly employed. One probe (e.g. 
mannitol) typically consists of a relatively small 
molecule which permeates moderately well through 
even normal mucosa. A second probe (e.g. lactulose) 
consists of a larger molecule, which permeates the 
normal mucosa only minimally. Probes which are 
non-metabolisable are chosen, and absorption of the 
probes is determined by measuring concentrations in 
plasma or urine. By measuring the differential 
concentrations of two probes, it is possible to remove 
confounding effects related to changes in intestinal 
motility (or renal function). Because the zonula 
occludens restricts intercellular passage of these 
probes in the luminal as well as vascular direction, 
permeability can also be assessed in animal models 
by measuring luminal concentrations of these probes 
after intravascular administration [35, 59]. 


Evidence for and against intestinal barrier 
dysfunction in critically ill humans 


Convincing evidence of microbial translocation has 
been documented in humans under certain condi- 
tions. Deitch showed that viable enteric organisms 
frequently can be isolated from cultures of mes- 
enteric lymph nodes obtained at laparotomy from 
patients with small bowel obstruction [26]. Similar 
results were obtained by Ambrose and colleagues in 
a study of patients undergoing abdominal operations 
for Crohn’s disease [5]. van Goor and colleagues 
isolated bacteria in mesenteric lymph nodes from 11 
of 21 brain-dead organ donors with anatomically 
intact gastrointestinal tracts [150]. Sedman and 
colleagues found evidence of translocation to mes- 
enteric lymph nodes in 10.3% of 267 patients 
undergoing general surgical procedures [132]. 
Braithwaite and colleagues used immunofiuor- 
escent staining of Escherichia coli-derived f- 
galactosidase (rather than standard microbiological 
methods) to document the presence of bacteria in 
macrophages in mesenteric lymph node specimens 
from every one of 20 trauma patients [13]. Unfor- 
tunately, in this study, samples from normal controls 
were not obtained and, therefore, it is unclear 
whether this represents a normal or a pathological 
occurrence. Reed and colleagues used both standard 
microbiological methods and electron microscopy to 
demonstrate bacteria in mesenteric lymph nodes 
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from trauma victims [120]. As in the study by 
Braithwaite and colleagues already cited, samples 
from normal individuals were not studied. Certainly 
the most dramatic evidence that translocation can 
occur in humans comes in the form of a report by 
Krause, Matheis and Wulf, who documented that 
oral ingestion of a suspension of viable C. albicans 
resulted in transient fungaemia and funguria in a 
normal volunteer [70]. None of these studies, 
however, has demonstrated a correlation between 
the presence of viable (or non-viable) organisms in 
mesenteric nodes (or blood) and the development of 
multiple organ dysfunction syndrome (MODS). 

Rush and colleagues showed a high incidence of 
bacteraemia and endotoxaemia in blood samples 
obtained from patients with haemorrhagic shock 
{127]. Since the samples were obtained within 
minutes after presentation to the emergency de- 
partment, the development of bacteraemia in these 
patients presumably was not due to hospital- 
acquired infection. Interestingly, most of the isolates 
in this study were Gram-positive, rather than the 
enteric Gram-negative bacilli, which are most com- 
monly isolated in studies of bacterial translocation 
using animal models of haemorrhagic shock. Thus, 
the implications of the findings obtained by Rush’s 
group remain uncertain. 

Winchurch, Thupari and Munster have shown 
that endotoxin is detectable in plasma samples 
obtained within 24h after the time of injury from 
victims of thermal trauma [165]. Moreover, these 
workers have shown that the degree of endotoxaemia 
correlates with the magnitude of the injury. In a 
recent report from this group, however, it was shown 
that prophylactic treatment with an endotoxin- 
neutralizing antibiotic (polymyxin B) could lower 
the concentrations of circulating endotoxin detected 
in burns patients, but that this treatment effect was 
not associated with a lessening in mortality or with 
the concentrations of a cytokine (IL-6) in plasma 
[104]. Thus, Winchurch, Thupari and Munster 
concluded that the presence of endotoxaemia in 
burns patients may be an epiphenomenon rather 
than a primary factor leading to organ dysfunction. 

Two other recent studies of trauma victims failed 
to validate the notion that bacterial translocation is 
increased in one important subpopulation of criti- 
cally ill patients, namely those with multiple trauma. 
Moore and colleagues [102] were unable to detect 
elevated endotoxin concentrations in portal venous 
or systemic blood samples obtained over the first 5 
days of hospitalization from 20 victims of major 
abdominal trauma, even though 60 % of the patients 
were in shock at the time of presentation and six of 
the subjects developed MODS. Although nine (2%) 
of 424 systemic and portal venous blood cultures 
were positive over the 5-day period of observation, 
many of the isolates were probable contaminants. 
Cultures of ileocolic lymph nodes were positive in 
four of 12 cases, although in one case the isolated 
organism (S. epidermidis) was probably a contami- 
nant. 

Peitzman and coworkers [115] obtained biopsies of 
mesenteric lymph nodes at the time of coeliotomy 
from 25 trauma patients. Although 40% of the 
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trauma patients had one or more major compli- 
cations, including adult respiratory distress syn- 
drome (ARDS), serious pulmonary infections, and 
Gram-negative bacteraemia, all of the lymph node 
cultures were sterile. As a control for technique, the 
authors of this study also cultured lymph nodes 
obtained from patients with primary gastrointestinal 
tract diseases, and in three of four cases, were able to 
isolate enteric organisms. Thus, these two studies 
must be viewed as casting doubt on the idea that 
translocation of gut-derived bacteria or endotoxin 
plays a crucial role in the development of serious 
complications, at least in victims of major trauma. 

During the past several years, a number of studies 
have documented the presence of gut mucosal 
hyperpermeability in human volunteers challenged 
with tiny doses of endotoxin [109], or patients with 
a variety of critical illnesses [27, 51, 110, 124, 
125, 128, 170]. However, just as is the case for 
translocation, data are lacking to show that the 
presence of hyperpermeability is associated with or 
predicts the development of MODS. 

Despite the “‘negative” studies just cited, the 
notion that the gut is somehow a pivotal organ in 
critical illness remains viable because of other 
circumstantial evidence from clinical studies. Cer- 
tainly, it is well established that septic complications 
are diminished by providing early enteral nutrition 
to trauma patients [74,101]. In addition, colon- 
ization of the proximal gastrointestinal tract with 
certain pathogens, particularly Pseudomonas aerugi- 
nosa and coagulase-negative Staphylococcus, is assoc- 
iated with subsequent development of intensive care 
unit-acquired infections caused by these same organ- 
isms [92, 93]. Thus, the role of the gut as a “motor 
of multiple organ failure” remains a controversial 
but tenable hypothesis. 


Pathophysiological mechanisms responsible 
for gut barrier failure 


The patholophysiological mechanisms responsible 
for gut barrier dysfunction in critically ill humans 
remain to be elucidated. Given the complex nature of 
the gut barrier, however, it seems probable that no 
single mechanism can explain all aspects of barrier 
dysfunction or all cases of barrier dysfunction 
precipitated by different causes. 


MUCOSAL HYPOXIA 


In general, the rate of oxygen consumption (Vo,) by 
tissues is determined by the metabolic demand and 
not by oxygen delivery (Do,); this is a statement of 
Pfliiger’s law. Certain pathophysiological processes 
can, however, reduce Do, below a critical value 
(DOr) Such that Vo, becomes supply-dependent 
[57]. Supply-dependency of Vo, can occur as a result 
of tissue hypoperfusion, arterial hypoxaemia or 
anaemia. Hypermetabolism, secondary to sepsis and 
other critical illnesses, necessitates higher Vo, and 
thereby a higher Do,,,, [52]. Alone or in com- 
bination, these factors may limit intracellular Po, to 
levels inadequate to support normal mitochondrial 
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respiration. There are two important effects of 
supply-dependent mitochondrial respiration. First, 
glycolytic metabolic rate is increased in an effort to 
preserve adequate intracellular concentrations of 
adenosine triphosphate (ATP) by substrate level 
phosphorylation of adenosine diphosphate (ADP). 
In contrast with oxidative phosphorylation, sub- 
strate level phosphorylation is associated with the 
production of protons; i.e. enhanced glycolytic rate 
leads to intracellular acidosis [100]. Second, if 
mitochondrial respiration is sufficiently limited, then 
intracellular concentrations of ATP are depleted. As 
will be discussed below, both intracellular acidosis 
and ATP depletion can lead to increases in intestinal 
epithelial permeability. 

In the clinical setting, the most likely cause of 
intestinal mucosal hypoxia is mesenteric hypoper- 
fusion. The architecture of the microcirculation of 
the intestinal villi may act to increase the sus- 
ceptibility of the epithelium to hypoxic injury 
because of inadequate perfusion. Each villus is 
supplied by a single central arteriole, which is 
surrounded by an arbor of draining venules. Prob- 
ably as a result of both counter current arteriovenous 
diffusional shunting of oxygen as well as consump- 
tion of oxygen by cells along the length of the villus, 
the tissue Po, at the tips of villi is low even under 
normal conditions. During low flow states, these 
conditions are exacerbated, further increasing the 
likelihood of supply-dependency of oxygen uptake 
[81, 82, 133]. 

Another factor which may predispose the villous 
epithelium to ischaemic injury during low-flow states 
is “plasma skimming” [67]. This phenomenon 
occurs because the nutrient arterioles supplying each 
villus originate at right angles to the parent artery. 
Since erythrocytes tend to cluster away from the 
walls of arteries, this architecture leads to relative 
haemodilution (and reduced oxygen carrying ca- 
pacity) in the blood perfusing villous arterioles. 

Two common conditions, which are likely to 
induce marked mesenteric ischaemia in critically ill 
patients, are haemorrhage and cardiogenic shock [17, 
97, 98, 122]. Studies using animal models have 
documented that global decreases in cardiac output 
because of haemorrhage or cardiac tamponade lead 
to activation of the renin-angiotensin axis, which, in 
turn, triggers a dramatic increase in mesenteric 
arteriolar resistance [17, 97, 122]. Splanchnic hypo- 
perfusion also has been reported in animal models 
after thermal injury [61, 103]. 

Sepsis is another common condition, which may 
be associated with mesenteric hypoperfusion. In 
contradistinction to haemorrhage or cardiogenic 
shock, however, the effects of sepsis on mesenteric 
(or mucosal) perfusion and oxygenation are poorly 
understood. Total hepatosplanchnic perfusion is 
elevated in humans with compensated sepsis [25, 48, 
163]. Data are lacking regarding the effects of septic 
shock in humans on mesenteric and, particularly, 
intestinal mucosal perfusion. 

We [36, 37, 130] and others [6, 119, 138, 161, 167] 
have documented that mesenteric perfusion is 
compromised in experimental models of sepsis and 
septic shock. Interestingly, however, we have never 
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been able to document a decrease in transmesenteric 
Vo, in endotoxaemic pigs [36, 37, 130]. Other in- 
vestigators have reported similar findings [7, 119, 
151]. In other words, transmesenteric oxygen ex- 
traction seems to be increased sufficiently in sepsis to 
maintain normal (or even elevated) levels of Vo,. 
Nevertheless, ileal mucosal acidosis is a characteristic 
feature of sepsis in experimental animals [36, 37, 
119, 130]. Gastric mucosal acidosis occurs com- 
monly in septic patients [49, 88, 135]. 

The development of gastrointestinal mucosal aci- 
dosis in sepsis, whether in animals models or 
patients, has been interpreted as evidence of gut 
epithelial hypoxia. However, normalization of su- 
perior mesenteric arterial blood flow ameliorates but 
does not completely normalize endotoxin-induced 
mucosal acidosis in pigs [36], a finding which 
suggests that mechanisms other than, or in addition 
to, mucosal ischaemia might contribute to tissue 
acidosis in sepsis. To further investigate this issue, 
we recently conducted an experimental study using a 
resuscitated, normodynamic pig model of endo- 
toxaemic shock [152]. Mucosal oxygenation was 
measured directly using an array of eight Clark-type 
tissue Po, microelectrodes. Mucosal perfusion and 
acidosis were measured by laser Doppler flowmetry 
and intraluminal tonometry, respectively. After 
infusion of endotoxin, pigs developed ileal mucosal 
acidosis despite the absence of any significant change 
in mucosal blood flow and a significant increase in 
mucosal oxygen tension (Pmp,). These observations 
are consistent with previous findings obtained by 
Hurtado and colleagues, who showed that lactic 
acidosis develops in skeletal muscle of septic rabbits 
despite normal tissue oxygenation [62]. Although an 
unexpected finding, the increase in Pmo, induced by 
endotoxin can be explained on the basis of the Bohr 
effect (i.e. an increased unloading of oxygen from 
haemoglobin as a result of acidosis) [75]. 


OXIDANT STRESS 


Oxidants have been implicated in a variety of causes 
of intestinal barrier dysfunction. In experimental 
animals, intestinal ischaemia followed by reperfusion 
leads to mucosal hyperpermeability and biochemical 
evidence of oxidant stress [44,45]. During the 
reperfusion phase, spin trapping techniques have 
been used to demonstrate the formation of free 
radicals [108]. There are two main sources of reactive 
oxygen metabolites (ROM) in intestinal 
ischaemia/reperfusion: (1) the reaction catalysed by 
xanthine oxidase and (2) the reaction catalysed by 
NADPH oxidase in neutrophils sequestered in the 
intestinal microvasculature. Agents which scavenge 
ROM or inhibit xanthine oxidase have been shown 
to ameliorate derangements in intestinal barrier 
function after intestinal ischaemia/reperfusion [112]. 
These strategies also have been shown to have 
salutary effects on barrier function in animals 
subjected to haemorrhage [28, 29] or systemic inflam- 
mation [30, 32, 85]. 

The mechanisms whereby oxidants impair barrier 
function are not well understood. In various in vitro 
models, however, oxidants, such as hydrogen per- 
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oxide (H,O,) or superoxide radical (O,--) have been 
shown to increase the permeability of epithelial [160] 
or endothelial [55] monolayers, and also disrupt the 
cytoskeleton (by promoting excessive actin poly- 
merization) [55, 56]. Although most research related 
to alterations in epithelial (or endothelial) permea- 
bility and the actin-based cytoskeleton have focused 
on the paracellular pathway, it is plausible that 
cytoskeletal derangements also promote increased 
endo- and transcytosis. Sundqvist and Liu reported 
that endocytosis of FITC-dextran (70000 Da) is 
promoted when cultured endothelial monolayers are 
incubated with H,O,, an oxidant known to cause 
cytoskeletal destabilization [141]. Bhalla and Crocker 
reported that exposure of tracheal epithelial cells to 
ozone, another potent oxidant, promotes vesicular 
transcytosis of a macromolecule (horseradish per- 
oxidase) [9]. Thus oxidant-induced epithelial dam- 
age might promote barrier dysfunction via trans- 
cellular as well as paracellular pathways. 

ROM can lead to ATP depletion [53, 54, 164]. As 
will be discussed below, ATP depletion is another 
potential factor contributing to epithelial barrier 
dysfunction. The mechanisms responsible for 
oxidant-mediated ATP depletion probably include 
inhibition of glyceraldehyde-3-phosphate dehydro- 
genase (in the glycolytic pathway) and inhibition of 
mitochondrial phosphorylation of ADP [64]. 


MUCOSAL ACIDOSIS 


In an effort to maintain adequate energy levels, 
hypoxic cells increase their rate of anaerobic metab- 
olism (i.e. glycolysis). In contradistinction to oxi- 
dative phosphorylation, substrate level phos- 
phorylation of ADP during glycolysis leads to a net 
release of protons. Under anaerobic conditions, there 
is net formation of two moles of H* per mole of 
glucose metabolized (at physiological pH) [100]. 
Since anaerobic metabolism is less efficient than 
oxidative metabolism for generating high-energy 
compounds, hypoxia results in ATP depletion. In 
sepsis, tissue acidosis can occur even in the absence 
of hypoperfusion or hypoxia [60, 152]. Sepsis down- 
regulates the activity of pyruvate dehydrogenase 
(PDH), the enzyme complex catalysing the first 
irreversible step in the mitochondrial oxidative 
pathway [153]. The shift of PDH to its inactive form 
in sepsis fosters increased flux through the glycolytic 
pathway without a commensurate increase in mito- 
chondrial oxidative phosphorylation. Glycolytic flux 
also may be increased in sepsis as a result of increased 
availability of glucose transporters on the surface of 
cells [169]. 

Since acidosis is an inevitable consequence of 
cellular hypoxia, tissue pH might be a useful variable 
to monitor in critically ill patients. Indeed, low 
gastric intramural pH has been shown to predict the 
development of MODS, mortality, or both in 
critically ill patients [23, 34, 39, 50, 96, 126, 168]. 
Interestingly, in a recent study of the effects of 
intestinal ischaemia induced by systemic endo- 
toxaemic or partial mechanical occlusion of the 
mesenteric artery in pigs, we noted that there was a 
strong correlation between the degree of mucosal 
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tissue acidosis and the degree of ileal mucosal 
hyperpermeability induced by these perturbations 
[130]. This finding suggested to us that the adverse 
effects of ischaemia on intestinal epithelial per- 
meability might be related to the resultant derange- 
ments in tissue pH rather than simply the changes in 
tissue oxygenation per se. In an effort to further 
investigate this possibility, we employed a porcine 
preparation to examine the effects of mucosal 
acidosis induced by deliberately increasing arterial 
carbon dioxide tension, and observed a substantial 
increase in ileal epithelial permeability, even in the 
absence of findings indicative of mucosal ischaemia 
or dysoxia [130]. In other studies, using cultured 
Caco-2yy, cells as a model of the intestinal epi- 
thelium, we have shown that acidosis similarly 
increases permeability 17 vitro [unpublished obser- 
vations]. 

The mechanism(s) whereby acidosis promotes 
epithelial hyperpermeability are unknown. It has 
been established, however, that acidosis can promote 
the formation of oxidants. A number of studies have 
shown that acidosis promotes lipid peroxidation 
[14, 19, 105, 121, 134] or other manifestations [111] 
of oxidant-mediated damage in cells. Acidosis pro- 
motes mobilization of free iron from intracellular 
stores [15,113], and evidence has been presented 
supporting the view that oxidant stress under 
conditions of acidosis depends, at least in part, on 
iron delocalization [113]. Recent findings [123] 
suggest that another mechanism whereby acidosis 
enhances oxidant-mediated damage is inhibition of 
two key enzymes: glutathione reductase, which is 
required to regenerate reduced glutathione (GSH); 
and glutathione peroxidase, which uses GSH to 
convert H,O, to water. 

Another way that acidosis might alter epithelial 
permeability is increasing intracellular calcium con- 
centration ([Ca?*],) [18]. Possible mechanisms for the 
tendency of low pH, to increase [Ca**], in epithelial 
cells include increased mitochondrial Ca?*-H* ex- 
change, modulation of Ca% flux into the smooth ER, 
and activation of a pH-dependent plasma membrane 
Ca?* channel [18]. Elevations in intracellular [Ca?*] 
loosen tight junctions and increase intestinal epi- 
thelial permeability. In hepatocytes, paracellular 
permeability is increased by a number of agents 
which increase [Ca**],, including: certain hormones 
(e.g. vasopressin) [80], a calcium ionophore (A23187) 
[66], and a calcium-mobilizing agent ((BuGHQ) 
[38]. In cultured MDCK (renal epithelial) mono- 
layers, exposure to A23187 increases permeability 
[116]. The effects of increased [Ca?*], on intestinal 
epithelial permeability have not been investigated. 


ATP DEPLETION 


As noted above, ATP depletion is a consequence of 
impaired mitochondrial function, the result of in- 
tracellular hypoxia. ATP depletion can also be 
caused by oxidant stress, leading to inhibition of 
glyceraldehyde-3-phosphate dehydrogenase (in the 
glycolytic pathway) and inhibition of mitochondrial 
phosphorylation of ADP [64]. Acidosis, in a form of 
positive feedback, can also promote ATP depletion 
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[140], perhaps by inhibiting the rate-limiting phos- 
phofructokinase step in glycolysis [20, 145] or via 
other poorly understood mechanisms [140]. 

In order to investigate the role of ATP depletion 
as a factor leading to intestinal hyperpermeability we 
recently studied the effects of chronic hypoxia or 
glycolytic inhibition with 2-deoxyglucose (2-DOG) 
on Caco-2,,. monolayers [146]. In both scenarios, 
we found that relatively minor reductions (< 30%) 
in ATP content were sufficient to increase the 
permeability of Caco-2g,, monolayers. The mech- 
anism appears to involve derangements in the actin- 
based cytoskeleton, since laser confocal micrographs 
using rhodamine-phalloidin to stain polymerized (F) 
actin demonstrated perijunctional condensation of 
actin filaments after prolonged 2-DOG exposure. 

Although it is well established that ATP depletion 
increases epithelial [71, 76, 87, 146] and endothelial 
permeability [157], the precise mechanism(s) under- 
lying this phenomenon are not established. It is 
known that ATP depletion disrupts actin micro- 
filaments [56,71] by fostering the conversion of 
monomeric (G) actin to F-actin [56, 99]. As noted 
above, proper functioning of the actin-based cyto- 
skeleton is essential for the maintenance of normal 
epithelial permeability characteristics. The tendency 
for actin to polymerise under conditions of ATP 
depletion (27, 28, 34) is paradoxical, since in vitro, 
the polymerization of G-actin to F-actin is an 
energy-requiring event, which depends upon the 
irreversible hydrolysis of ATP (35). Only tiny 
quantities of G-actin are required for filament 
growth in vitro, thus, at equilibrium, the majority of 
actin în vitro is present in its polymerized form (36). 
In vivo, however, approximately half of the actin in 
cells is present in its monomeric form (36). No 
adequate explanation has been advanced to explain 
this paradox, but we hypothesize that ATP depletion 
may foster cytoskeletal derangements by interfering 
with normal intracellular calcium homeostasis. 


NITRIC OXIDE 


Produced by mammalian cells from the amino acid, 
L-arginine, the small molecule, nitric oxide (NO-), 
has been identified as an important regulator and/or 
effector of many phenomena in the cardiovascular, 
nervous, and immune systems [106]. Increasingly, it 
is apparent that NO. also plays a versatile role in the 
physiology and pathophysiology of the gastroin- 
testinal tract [137]. 

The reaction responsible for the formation of NO- 
is catalysed by a family of enzymes called nitric oxide 
synthase (NOS) [68, 90]. There are three isoforms of 
this enzyme, including: neuronal or type I NOS 
found primarily in neuronal tissues and skeletal 
muscle; endothelial or type III NOS (eNOS), found 
primarily in endothelial cells; and inducible or type 
II NOS found in a wide variety of cell types, 
including macrophages and hepatocytes. Both nNOS 
and eNOS are constitutively expressed, and the 
production of NO. by these enzymes is dependent 
on the presence of calmodulin and intracellular 
concentrations of Ca*+. In contrast, iNOS contains 
calmodulin as a tightly bound subunit even under 
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nominally Ca?+-free conditions, and the enzyme is 
expressed only after induction by various cytokines 
or LPS. 

A large variety of cell types in the gut are potential 
sources of NO-. These cell types include myenteric 
neurons [16, 78, 107, 156], vascular endothelial cells 
[107,117] and interstitial cells of Cajal [118]. 
Inflammatory cells in the submucosa, including mast 
cells [58], macrophages [43,139], and poly- 
morphonuclear leucocytes [47, 85], are capable of 
producing NO-. Luminal bacteria represent another 
potential source of NO- in the gastrointestinal tract 
[41]. 

Enterocytes also appear to be capable of producing 
NO., at least under certain conditions. Boughton- 
Smith and colleagues reported that iNOS activity is 
elevated in biopsy specimens of inflamed colonic 
mucosa from patients with ulcerative colitis [10]. 
These investigators have also documented that 
administration of LPS to rats leads to the induction 
of iNOS activity in homogenates of jejunal or colonic 
tissue [11]. These results suggest that various 
inflammatory states (e.g. ulcerative colitis and acute 
endotoxicosis) are associated with induction of iNOS 
activity in gut epithelial cells, although the observed 
data also could be explained by iNOS induction in 
resident or infiltrating inflammatory cells in the 
mucosa or lamina propria. Tepperman and col- 
leagues, however, have documented upregulation of 
iNOS activity in isolated enterocytes harvested from 
the colons of rats injected 4 h earlier with LPS 
[142]. Furthermore, these workers have shown that 
prior administration of an anti-neutrophil antiserum 
prevents LPS-induced leucosequestration in the 
colonic mucosa, but has no effect on measured 
concentrations of iNOS activity, supporting the view 
that infiltrating neutrophils are not the source of the 
iNOS activity in enterocytic preparations from 
endotoxic rats. 

The idea that enterocytes can be induced to 
produce NO. is further supported by preliminary 
findings obtained by several laboratories. For 
example, Grisham has demonstrated that exposure 
of cultured JEC-18 (rat intestinal epithelial) cells 
to LPS, IL-1, or TNF-a plus IFN-y, increases 
production of nitrite plus nitrate (markers of NO. 
production) [46]. Dignass, Podolsky and 
Rachmilewitz showed that incubation of cultures of 
another rat enterocytic cell line (IEC-6) with a 
number of different cytokines (e.g. IL-2, TNF-a) 
results in modest increases in the production of 
nitrogen oxides [33]. Recently, our group has shown 
that incubation of Caco-2p,, cells with the pro- 
inflammatory cytokine, IFN-y, increases the release 
of markers of increased NO- production (nitrite and 
nitrate anions) into the media [147]. Even more 
recently, we have shown that incubation of Caco-2,,, 
cells with INF-y upregulates expression of iNOS 
mRNA [unpublished observations]. 

NO- appears to be capable of modulating in- 
testinal epithelial permeability. Interestingly, depen- 
ding upon the experimental system employed, NO. 
can either diminish or increase intestinal permea- 
bility to various water-soluble molecules. The idea 
that NO- plays a beneficial role to preserve normal 
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gut barrier function is supported by a number of 
observations. In 1992, Kubes reported that infusion 
of a NOS inhibitor, NS-nitro-L-arginine methyl 
ester (L-NAME), into the mesenteric artery of cats 
markedly increases ileal epithelial permeability to a 
hydrophilic probe [72]. In a subsequent study, Payne 
and Kubes documented that infusion of an NO- 
donor, such as sodium nitroprusside (SNP) or 
exogenous arginine (NOS substrate) ameliorates gut 
mucosal hyperpermeability induced by ischaemia/ 
reperfusion [114]. Using a similar design, Boughton- 
Smith and colleagues showed that infusion of an 
NO. donor compound can ameliorate gut mucosal 
damage induced by intravenous injection of LPS in 
rats [12]. Conversely, treatment with NOS inhibitors 
has been shown to exacerbate gut epithelial hyper- 
permeability induced by ischaemia/reperfusion [73] 
and macroscopic mucosal damage induced by LPS 
[63]. Therefore, data from a number of in vivo 
studies support the following conclusions: (1) under 
basal conditions, endogenous production of NO. 
serves to maintain normal permeability of the 
intestinal mucosa; (2) under basal conditions, block- 
ing NO. synthesis increases gut mucosal per- 
meability ; (3) in certain pathological conditions asso- 
ciated with derangements in gut mucosal barrier 
function and/or integrity (e.g. ischaemia/reper- 
fusion injury or endotoxicosis), provision of exo- 
genous NO- tends to maintain normal intestinal 
epithelial structure and function; (4) in these same 
pathological conditions, blockade of NO. bio- 
synthesis tends to exacerbate derangements in the 
structural and functional integrity of the mucosa. 
In contrast with these findings are other data 
which suggest that overproduction of NO- can be 
deleterious to the integrity of the intestinal mucosal 
barrier. For example, Lopez-Belmonte, Whittle and 
Moncada showed that close arterial infusion of NO 
donors, SNP or S-nitroso-N-acetylpenicillamine 
(SNAP), causes gastric mucosal damage in the rat 
when infused at high concentrations [79]. Similarly, 
Tepperman and colleagues reported that NO- 
donors, such as SNP or SNAP, decrease the ex vivo 
viability of freshly harvested rat colonic epithelial 
cells [142]. Tepperman and colleagues also showed 
that in vivo administration of LPS decreases the 
viability of gut epithelial cells via an NO--dependent 
mechanism [142, 143]. Recently, our group demon- 
strated that NO- donors (SNP or SNAP) as well as 
authentic NO- gas are capable of increasing the 
permeability of Caco-2,,. monolayers to a variety of 
hydrophilic macromolecules [129]. The deleterious 
effect of NO- on barrier function appears to be 
mediated through derangements in intracellular 
ATP production and cytoskeletal organization [129]. 


CYTOKINES 


Recent studies performed using cultured T,, entero- 
cytic cells suggest that certain proinflammatory 
cytokines, namely IFN-y and IL-4, are capable of 
increasing the permeability of model epithelia [1, 24, 
84]. The mechanism(s) whereby cytokines, such as 
IFN-y, induce intestinal epithelial hyper- 
permeability have not been determined. It is known, 
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however, that IFN-y, acting either alone or in 
combination with other cytokines, is capable of 
triggering increased production of NO- by a number 
of different cell types [69, 89, 154, 162]. Thus, it 
seems plausible that cytokine-induced intestinal 
epithelial hyperpermeability is mediated through 
induction iNOS leading excess NO- production. In 
support of this view are recent data published by our 
group, showing that: (1) incubation of Caco-2p,, 
(enterocytic) cells with IFN-y increases the release 
of NO. oxidation products (nitrite and nitrate) into 
culture supernatants; (2) Caco-2,,, monolayers can 
be rendered hyperpermeable by incubation in media 
containing IFN-y; and (3) coincubation of Caco-2pp. 
monolayers with INF-y and various NOS inhibitors 
significantly blunts the development of hyperper- 
meability [147]. 


Conclusions 


Although attractive on theoretical grounds, the 
notion that gut barrier dysfunction contributes to 
morbidity, including MODS, in critically ill patients 
remains unproved. Despite the presence of negative 
data, however, this concept remains a fruitful line of 
investigation both at the bedside and in the lab- 
oratory. At the very least, learning about the 
mechanisms underlying gut barrier failure in critical 
illness will provide insights into the mechanisms of 
cellular dysfunction of all kinds associated with 
sepsis or other causes of diffuse inflammation. At 
best, this avenue of investigation will lead to 
improvements in management and a reduction in 
morbidity and mortality in victims of trauma, sepsis 
or other acute life-threatening illnesses. 
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Mechanisms of acute renal failure 


C. J. LOTE, L. HARPER AND C. O. S. SAVAGE 


Acute renal failure can be defined as an abrupt 
decline in renal function with a decrease in glom- 
erular filtration rate (GFR) resulting in the retention 
of nitrogenous waste products. Acute renal failure 
has conventionally been classified as (a) prerenal 
failure, denoting a disorder in the systemic cir- 
culation that causes renal hypoperfusion. Implicit in 
the prerenal classification is that the correction of 
the underlying circulatory disturbance (e.g. by im- 
provement in cardiac function or repletion of 
volume) restores the GFR. However, prerenal failure 
is often followed by transition to (b) intrinsic renal 
failure, where correction of the circulatory impair- 
ment does not restore the normal GFR. Intrinsic 
renal failure generally includes tubular necrosis. (c) 
Postrenal failure (obstructive) is a third possibility. 

Some patients with acute renal failure have 
oliguria (conventionally defined as a urine output of 
less than 400 ml day~'), but others do not. In fact, 
patients with acute renal failure can be divided 
approximately equally into oliguric and non-oliguric. 
The pathogenetic factors appear to be identical in 
both types but in general are less severe in non- 
oliguric acute renal failure. 

Three abnormalities of renal function are present 
in intrinsic acute renal failure. These are (1) 
intratubular obstruction, (2) backleak of glomerular 
filtrate through damaged tubular epithelium, and (3) 
a primary reduction of GFR as a consequence of the 
release of vasoactive substances, which alter pres- 
sure, flow and filtration coefficient (kẹ in the glom- 
erular capillaries. 

The kidneys have an enormous blood supply. 
They receive 20-25% of the cardiac output, but 
account for only 0.5 % of the body weight. The renal 
blood supply is typically around 400 ml 100 g7! 
min“ compared with about 70 ml 100 g7! min™ for 
heart and liver. The kidneys also have a very high 
oxygen consumption, but because of the high blood 
flow, the arteriovenous oxygen difference across the 
kidney is small. Po, decreases from 95 mm Hg in the 
renal artery, to a value of about 70 mm Hg in the 
renal venous blood. In view of this it may seem 
surprising that renal ischaemia and acute renal 
failure are such major problems. 

In this article we examine those features of the 
renal physiology which contribute to the (intrinsic) 
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failure of the kidney after renal hypoperfusion. What 
happens when the renal circulation is compromised, 
and how does this lead on to intrinsic renal failure? 
How can an organ which has a huge blood supply, 
and a very low oxygen extraction, be so susceptible 
to ischaemia and hypoxia? The answers are complex; 
they necessitate an understanding of renal haemo- 
dynamics and their control, and of the role of the 
kidney in circumstances in which the effective 
circulating volume is reduced. 


Renal blood supply 


One of the first aspects of renal haemodynamics 
which physiology students learn is the concept of 
“autoregulation ” (fig. 1). When mean renal arterial 
pressure is varied over the range 90-200 mm Hg, 
there is little effect on renal blood flow. The 
mechanism of this is still controversial; the most 
likely explanation is that there is a myogenic 
response, whereby the increased wall tension in the 
afferent arterioles, brought about by an increase in 
perfusion pressure, causes automatic contraction of 
the smooth muscle fibres in the vessel wall, thereby 
increasing the resistance to flow and so keeping 
the flow constant in spite of the increase in per- 
fusion pressure. The alternative hypothesis is that 
a tubulo-glomerular feedback (TGF) mechanism is 
responsible for autoregulation, whereby increased 
perfusion pressure will increase filtration, increasing 
the tubular fluid delivery to the macula densa which 
then releases a factor or factors which causes 
vasconstriction. Which of these hypotheses is correct 
is debatable [33]. 

However, the concept of autoregulation can be 
very misleading. Notwithstanding autoregulation, 
when effective circulating volume decreases there is 
a reduction in renal blood flow. This should not be 
surprising. It has been known for a very long time 
that stimulation of the renal nerves causes loss of 
colour from the kidney surface as a result of renal 
vasoconstriction [4], and this renal vasoconstriction 
occurs at relatively low levels of renal nerve activity 
(2 Hz), with increases in both afferent and efferent 
arteriolar resistance. Higher levels of stimulation 
(5-20 Hz) primarily constrict the afferent arterioles 
[18]. 
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Figure 1 The autoregulation of renal blood flow. In the 
“autoregulatory range” (90-200 mm Hg), a change in the mean 
renal perfusion pressure has little effect on the blood flow. The 
graph can be misleading, since in vivo the kidneys do not 
respond passively to changes in blood pressure, but are active 
components of blood pressure regulation. (From ref. [22].) 


As mentioned above, the kidneys, relative to their 
size, receive a huge fraction of the cardiac output 
(20-25%), and in times of stress, sympathetically 
mediated renal vasconstriction can shunt the large 
blood flow to extrarenal sites. Thus, whereas the 
autoregulation diagram gives the impression that the 
kidneys react to changes in blood pressure, the 
reality is that the kidneys play a major role in the 
regulation of blood pressure, and many authors have 
emphasized that renal blood flow decreases whenever 
cardiac output is decreased secondary to volume 
depletion [24], although there is continuing contro- 
versy over the magnitude of the decrease. 

Thus systemic blood pressure is not a good guide 
to the adequacy of renal perfusion. If there is a 
decrease in the effective circulating volume (for 
whatever reason), there may be catastrophic under- 
perfusion of the kidneys, even though blood pressure 
is in the ““autoregulatory”’ range; this is by virtue of 
the fact that it may be intense renal vasoconstriction 
that is the reason for the blood pressure being 
maintained. So, overt hypotension is not a pre- 
requisite for the development of acute renal failure, 
and modest reductions in cardiac output, with 
maintained blood pressure, can imply substantial 
renal ischaemia. But, if the kidneys normally have 
such a large blood supply, why does ischaemic 
damage occur so readily? 


The renal medullary blood supply 


The function of the renal medulla is to maintain a 
high osmolality (produced by solute transport out of 
the ascending limb of the loop of Henle), in order to 
allow the tubular fluid to be concentrated by the 
osmotic abstraction of water from the collecting 
ducts. This function demands a specialized blood 
supply; conventional capillaries traversing the renal 
medulla would instantaneously dissipate the cortico- 
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Figure 2 Diagram to show the anatomical arrangement of the 
blood supply to the nephrons. For clarity, venules and veins are 
omitted. A typical juxtamedullary nephron (15% of the total) 
and cortical nephron (85 % of the total) are shown on the right 
and left respectively. Note that the afferent arterioles of the 
juxtamedullary nephrons (labelled a) leave the interlobular 
artery at a retrograde angle, whereas the afferent arteriole of the 
cortical nephron (labelled b) leaves at a shallow angle. Thus, 
plasma skimming is more likely in the blood to the 
juxtamedullary nephron, the efferent arteriole of which supplies 
the vasa recta (c). Only two nephrons are shown complete. 
Other afferent arterioles are shown, but not the glomeruli. 
Other labels: arcuate artery (d) running along corticomedullary 
boundary. Interlobar artery (e). 


medullary solute gradient. The specialization is the 
countercurrent arrangement of the vasa recta (fig. 2), 
which minimizes washout of solutes from the 
medullary interstitium. However, for vasa recta 
countercurrent exchange to operate, it is essential 
that the haematocrit of the blood entering the vasa 
recta should be low. If it were not, then the osmotic 
removal of water from the descending vasa recta (fig. 
3) would dramatically increase the blood viscosity. 
Even with a low haematocrit, there is a considerable 
increase in viscosity due to the increase in intra- 
vascular protein concentration brought about by 
the countercurrent exchange of water. Furthermore, 
since the blood entering the descending vasa recta is 
derived from efferent arterioles and is unlikely to 
have gained any tubular fluid reabsorbate, the 
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Figure 3 Countercurrent exchange of water and solutes in the 
vasa recta. The osmotic gradient in the renal medulla/papilla, 
set up by extrusion of sodium and chloride from the thick 
ascending limb of the loop of Henle (not shown), causes solute 
to enter the descending vasa recta limb (on left), and water to 
leave, so that there is equilibration with any level of the 
interstitium. The removal of water from the descending limb 
raises the plasma protein concentration and concentrates the 
erythrocytes. Hence a low haemocrit at the beginning of the 
vasa recta is necessary. (From ref. [22].) 





Figure 4 Countercurrent exchange of oxygen and carbon 
dioxide in the vasa recta. The diffusion gradient causes oxygen 
to leave the descending limb and enter the ascending limb, and 
vice versa for carbon dioxide. Thus the cells deep in the renal 
medulla/papilla have a hypoxic and hypercapnic environment. 
(From ref. [22].) 


increased viscosity which will have occurred because 
of glomerular filtration will still be present in the 
blood entering the vasa recta. 

Most measurements of the haematocrit for the 
blood entering the inner medullary descending vasa 
recta give values of about 10% [31]. Why is the 
haematocrit low in the blood entering the vasa recta? 
The vasa recta are derived from the efferent arterioles 
of justamedullary nephrons, which are the first 
nephrons to be supplied by the interlobular arteries 
(fig. 2). There are some obvious differences between 
the afferent arterioles of juxtamedullary glomeruli 
when compared with other glomeruli. The afferent 
arterioles of the juxtamedullary glomeruli, as they 
branch from the interlobular arteries, do so at right 
angles or even at retrograde angles [21]. This leads to 
plasma skimming [2] so the blood which enters the 
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Figure 5 The Po, (mm Hg) from cortex to medulla, showing 
the dramatic decreases in Po, in the inner medulla as a result of 
countercurrent exchange of oxygen in vasa recta (as shown in 


fig. 4). 


branch vessel (the afferent arteriole) is likely to have 
a reduced haematocrit. The important point is that 
the volume of the blood flow into the medulla is not 
a good indication of the adequacy of the blood 
supply for tissue metabolism, because of the low 
haematocrit and hence low oxygen-carrying capacity 
of the blood. This situation is then further exacer- 
bated by the countercurrent exchange process in the 
vasa recta, because oxygen and carbon dioxide take 
part in this countercurrent exchange (fig. 4) [22]. 
Consequently, the cells of the renal papilla live in a 
remarkably hostile environment, with high (and 
labile) osmolality, poor oxygen delivery, and poor 
carbon dioxide removal. The degree of hypoxia in 
this part of the kidney is shown in figure 5. 

Thus, although the blood flow rates in the renal 
medulla and papilla are well within the range found 
in other metabolically active tissues, the low haemato- 
crit and countercurrent exchange of oxygen lead to 
very low oxygen availability for the papillary cells. 


The renal cortical blood supply 


The obvious specialization of the cortical blood 
supply is the fact that there are two capillary beds in 
series—the glomerular capillaries and the peri- 
tubular capillaries. These are linked by the efferent 
arterioles which thus constitute portal vessels. There 
are a number of reports that the Pco, is high in the 
renal cortex (e.g. ref. [9]) and it is suggested that this 
is because countercurrent exchange can occur in the 
cortical peritubular capillaries, as it does in med- 
ullary vasa recta. However, others have found typical 
tissue values of Pco, in the renal cortex [25], and at 
the time of writing the question of whether renal 
cortical tissue Pco, is atypically high remains 
unresolved. 


The kidneys as guardians of the effective 
circulating volume 


Renal tissue damage will occur when the renal blood 
supply is insufficient to sustain the metabolic 
demands of the cells. Hypoxia limits ATP pro- 
duction, and hence impairs those cells dependent on 
oxidative metabolism [35]. Changes of cellular pH as 
a consequence of oxygen deprivation can also impair 
glycolytic (anaerobic) metabolism [27]. 

Although it might be supposed that the renal sites 
which have the highest oxidative metabolism (i.e. 
proximal tubule), would be the ones most affected by 


Mechanisms of acute renal failure 


{Effective circulating volume 


Renal hypoperfusion 


Renal corrective mechanism to 
f effective circulating volume 
l Renal O, supply t Renin release 


t Endothelin {Angiotensin | f Angiotensin li 


release 
Afferent and Î Proximal Na* Î Aldosterone 
efferent reabsorption release 
vasoconstriction Distal Na* 
reabsorption 
to, demand" 





Renal failure 


Figure 6 The typical sequence of events leading to acute 
ischaemic renal failure. * Nat transport by the Na*/K* ATPase 
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Figure 7 The role of the renin-angiotensin system in the 
maintenance of effective circulating volume. 


hypoxia, the structural factors considered earlier also 
have a major bearing. The proximal convoluted 
tubules have the highest Nat-Kt-ATPase activity. 
However, the S3 segment (pars recta—the part of the 
proximal tubule which descends into the medulla), 
and the medullary thick ascending limb of Henle 
(both of which have considerable glycolytic capa- 
bility) are the sites commonly damaged in ischaemic 
acute renal failure. These sites, while having im- 
portant transport roles, are also affected by the 
oxygen shunting in the vasa recta. 

Eighty percent of the renal oxygen consumption is 
utilized to drive the Nat-K*-ATPase on the basal 
side of the tubule cells which is responsible for 
nephron sodium reabsorption. Many of the other 
transport processes along the nephron (e.g. glucose 
reabsorption, amino acid reabsorption, organic acid 
secretion) are secondary active processes which are 
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driven by the gradient for sodium entry across the 
apical membrane. Thus, there would be almost no 
transport across the tubular cells without Nat-Kt- 
ATPase activity. However, there are differences in 
the properties of the Na*t-K*t-ATPase in different 
nephron segments. For example, the Na*-Kt- 
ATPase is 10-30 times more sensitive to ouabain in 
the collecting tubule (where the final adjustments to 
sodium excretion occur) than in the proximal tubule 
[8]. These differences raise the possibility of different 
control mechanisms over Na*t-K*t-ATPase activity 
in different nephron segments. This is discussed in 
more detail below. 

As the foregoing has demonstrated, decreases in 
effective circulating volume lead to a reduction in 
renal perfusion, and this threatens the kidneys by 
further reducing the blood supply to sites where it is 
only just adequate. However, renal hypoperfusion is 
a signal of hypovolaemia to the kidneys, and brings 
into play renal correcting mechanisms to increase 
sodium and water reabsorption, and hence restore 
effective circulating volume. But for the kidneys to 
do this, their oxygen consumption must increase. 
This sequence of events, potentially leading to renal 
failure, is shown in figure 6. 

Renal hypoperfusion is a powerful stimulus to 
renin release from the renin-containing granular 
cells of the afferent arteriole. Three main signals 
mediate this release. 

(1) The afferent arteriolar “baroreceptor” mech- 
anism. Decreased wall tension in the afferent arteri- 
oles as a consequence of decreased renal perfusion, 
increases renin release. 

(2) The sympathetic innervation to the granular 
cells. Systemic baroreceptor reflexes activated by 
decreased effective circulating volume (and conse- 
quent decreased blood pressure) increase the activity 
in these nerves, increasing renin release. 

(3) The macula densa. This is a sensor in the early 
part of the distal tubule (which is in close proximity 
to the afferent arteriole), which responds to de- 
creased sodium chloride delivery into the distal 
tubule by increasing renin release. Sodium chloride 
delivery to this site decreases when there is a decrease 
in effective circulating volume, as a consequence of 
several factors, including decreased GFR, and 
decreased peritubular capillary hydrostatic pressure 
which leads to increased proximal tubular re- 
absorption. 

The consequences of increased renin release are 
shown in figure 7 where it can be seen that the effects 
of increased angiotensin II production serve to 
increase effective circulating volume. Incidentally, 
the renal vasoconstriction induced by angiotensin IT 
is predominantly of the efferent arteriole, but the 
renal vasoconstrictor effect of angiotensin II is 
anyway markedly attenuated because angiotensin IT 
is a powerful stimulus for the production of vaso- 
dilator prostaglandins (see blow). Thus, the vaso- 
constrictor effect of angiotensin II is primarily, 
(though not exclusively) systemic rather than renal. 

However, another vasoconstrictor peptide, 
endothelin-1 may act more locally. Its release and the 
tissue sensitivity to its effects are both enhanced by 
hypoxia [17]. Endothelin-1 mediates afferent and 
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efferent arteriolar vasoconstriction, reducing renal 
plasma flow and glomerular filtration rate (fig. 6). 

The sequence of events shown in figure 6 might 
seem to indicate that renal failure would be inevitable 
whenever there is a decrease in effective circulating 
volume, and this is obviously not the case. This is 
because there are intrinsic renal protective mechan- 
isms. To a large extent, these are dependent on 
arachidonic acid metabolism. 


Protective role of renal arachidonic acid 
metabolism 


There are many excellent recent reviews of renal 
arachidonic acid metabolism [23]. This section will 
therefore focus on those aspects of arachidonate 
metabolism which have particular relevance to renal 
function in hypoxia and ischaemia. 

The availability of free arachidonic acid as a 
substrate for the enzymes which convert it to active 
products, is very limited, since most of the esterified 
arachidonic acid which is converted to free arachi- 
donic acid by phospholipase A2 is normally re- 
esterified. This requires ATP, and hence is oxygen 
dependent, so hypoxia and ischaemia are powerful 
stimuli for renal prostaglandin synthesis. An alterna- 
tive or additional possibility is that a hypoxia-induced 
increase in intracellular (cytosolic) Ca** concen- 
tration enhances phospholipase A2 activity [23]. 

Free arachidonic acid can be metabolized via three 
routes, as shown in figure 8. The major cyclo- 
oxygenase products have renal tubular and renal 
vascular actions, both of which are important in the 
renal response to ischaemia and anoxia. Non- 
steroidal anti-inflammatory drugs (such as indo- 
methacin) which are cyclo-oxygenase inhibitors, 
have little or no effect on renal blood flow (RBF) or 
GFR in healthy subjects, but cause marked decreases 
in RBF and GFR when the renal circulation is 
compromised, for example by haemorrhage [6]. This 
indicates that vasodilator products of the cyclo- 
oxygenase enzyme (mainly prostaglandin E, and 
prostacyclin PGI) play an important role in main- 
taining blood flow and GFR in these circumstances. 

In addition to these haemodynamic vasodilator 
actions, PGE, also reduces sodium reabsorption in 
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Figure 8 Renal arachidonic acid metabolism. 
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Figure 9 The renal protective effects of arachidonic acid 
metabolism. 


the thick ascending limb of the loop of Henle [32] 
and the collecting duct [19] and hence reduces the 
oxygen consumption of the cells at these sites [20]. 

Products of the cytochrome P450-dependent 
mono-oxygenase enzyme may also be important in 
the ischaemic kidney. One product of this enzyme, 
probably a derivative of 11, 12-dihydroxyeicosatri- 
enoic acid, produced in cells of the thick ascending 
limb of Henle, is a sodium potassium ATPase 
inhibitor at this site, and another (5,6-eicosaepoxy- 
trienoic acid) is a vasodilator [5]. 

The renal protective actions of the arachidonic 
acid products are summarized in figure 9. 


Other protective mechanisms 


It was mentioned earlier that there are differences in 
the control over Na*-K*-ATPase activity at different 
sites in the nephron, and this fact will have been 
apparent from the foregoing section. However, 
arachidonic acid products are not the only humoral 
agents which influence Nat-Kt-ATPase activity. 
The effects of aldosterone are predominantly on the 
activity of Na*-K*-ATPase in the collecting tubule, 
where it acts by inducing the synthesis of new 
transporter molecules [12]. However this, of course, 
increases oxygen demand. There are other agents 
which reduce oxygen demand, important among 
which are atrial natriuretic peptide and its renal 
analogue, renal natriuretic peptide (urodilatin) 
[14, 36] (fig. 10). There are high affinity binding sites 
for these peptides in the collecting ducts, binding to 
which leads to an increase in intracellular cGMP, 
which in turn inhibits ouabain-sensitive oxygen 
consumption [36] and this is assumed to inhibit 
sodium transport. 
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Figure 10 Renal natriuretic peptide (urodilatin). The major 
circulating form of atrial natriuretic peptide, «-human ANP, is 
identical except that it does not contain the 4 N-terminal amino 
acids (Thr, Ala, Pro, Arg). 


Recent evidence suggests that atrial natriuretic 
peptide is primarily a cardiovascular regulator and 
relatively unimportant for sodium excretion, whereas 
renal natriuretic peptide is more likely to participate 
in the intrarenal regulation of sodium excretion [13]. 
The renal natriuretic peptide is synthesized in the 
distal cortical nephron, and may be secreted into the 
cortical peritubular capillaries, or directly into the 
tubular lumen [36]. 


Role of endotoxins, inflammatory mediators 
and nitric oxide in acute renal failure 


Sepsis is a common cause of acute renal failure and 
septicaemia is a common event in patients with acute 
renal failure, particularly those requiring intensive 
care. Infective agents may exert their effects by both 
direct and indirect mechanisms. Many of the indirect 
effects are mediated through the potent bacterial 
product, endotoxin or lipopolysaccharide (LPS). 
LPS may act on many cell types, particularly 
endothelial cells, monocytes and neutrophils. It can 
bind directly to, and activate cells via the glycosyl- 
phosphoinositol-anchored membrane protein CD14; 
interactions between LPS and CD14 are facilitated 
by serum factors including LPS binding protein. 
The endothelial cell phenotypic changes induced 
by LPS are almost identical to those induced by the 
cytokines TNF and IL-1 [7, 28] and include: (a) the 
upregulation of cell surface adhesion molecules such 
as E-selectin, ICAM-1 and VCAM-1 that promote 
leucocyte adhesion and transmigration; (b) the 
development of a procoagulant surface through 
enhanced expression of tissue factor, enhanced 
release of von Willebrand factor from internal stores 
in response to agonists (e.g. thrombin), increased 
secretion of plasminogen activator inhibitor-1 (with 
subsequent reduced fibrinolytic capacity) and re- 
duced expression of thrombomodulin (with reduced 
activation of the protein C, protein S pathways); (c) 
the induction of inflammatory mediator secretion 
from endothelial cells, including prostacyclin (PGI,) 
platelet activating factor (PAF), nitric oxide (NO) 
and endothelin-1; and (d) the secretion of growth 
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factors, secondary cytokines, leucocyte chemo- 
attractants and enzymes related to matrix degra- 
dation. 

In addition to its effects on endothelial cells, 
endotoxin may also activate neutrophils and mono- 
cytes, while within the kidney it may induce adhesion 
molecule upregulation on renal epithelial and mesan- 
gial cells. Injection of endotoxin into baboons caused 
acute renal failure and dramatic upregulation within 
glomeruli of the adhesion molecule E-selectin (that 
binds ligands on neutrophils, monocytes and some 
T-cells) [28]. Accumulated activated neutrophils 
secrete proteases and free oxygen radicals which 
damage the glomerular basement membrane and 
nearby cells. Activated monocytes express tissue 
factor (favouring coagulation) and secrete further 
cytokines including IL-1 and TNF that potentiate 
the effect of endotoxin. 

Many of the secondary inflammatory mediators 
induced by endotoxin can have far reaching effects. 
Thus, PAF is a product of arachidonic acid metab- 
olism that is released by vascular endothelial cells 
and which, among its many functions, is a potent 
platelet activator. The two vasodilators PGI, and 
NO may be released from endothelial cells in 
response to LPS, while LPS-stimulated monocytes 
and mesangial cells are a further source of NO [30]. 
The induction of NO by endotoxin in these cell types 
differs, reflecting the predominant NO synthase 
(NOS) enzyme present; NOS generate NO from the 
terminal guanidino nitrogen of L-arginine. Endo- 
thelial NOS is a constitutive enzyme that is de- 
pendent on calcium and calmodulin for activity and 
it continuously produces nmol quantities of NO. 
Macrophage NOS is not calcium/calmodulin de- 
pendent and is induced by endotoxin and certain 
cytokines such as TNF and IL-1; this induction 
occurs over hours as it requires new protein synthesis 
but it leads to sustained production of mmol 
quantities of NO. Endotoxin and cytokine upregu- 
lation of NO from endothelial cells occurs because 
these factors increase the levels of tetrahydro- 
biopterin, an essential cofactor, although recently 
an inducible NOS has been described in endothelial 
cells also. An inducible NOS is present too in 
glomerular mesangial cells. NO inhibits platelet 
aggregation (as does PGI.) and adhesion to collagen, 
effects which may be renal protective. However, 
excess NO levels in sepsis are blamed for the negative 
inotropic effects on cardiac muscle and for the 
profound vasodilatation (often resistant to vaso- 
pressors) that occurs in septic shock. Nitric oxide has 
complex interactions with other vasoactive systems— 
angiotensin II, sympathetic nervous system cat- 
echolamines, endothelin I, and prostaglandins; a 
detailed description of these effects is beyond the 
scope of this article but they are reviewed in ref. 30. 

In parallel with the enhanced NO production, 
endotoxin may also upregulate the potent constrictor 
peptide, endothelin [17]. Local endothelin I pro- 
duction may contribute to the renal vasoconstriction 
that occurs during septic shock since administration 
of anti-endothelin immunoglobulin directly into the 
renal artery completely reverses endotoxin-induced 
renal vasoconstriction. 
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Prevention of acute renal failure 


Prevention of acute renal failure is clearly a better 
option than treatment. Patients at risk of acute renal 
failure can be identified and certain simple measures 
may help to prevent the subsequent development of 
acute renal failure. 

The following conditions predispose to devel- 
opment of acute renal failure: 


(1) pre-existing renal impairment 

(2) diabetes mellitus (both insulin-dependent and 
non-insulin dependent) 

(3) hypertension and/or vascular disease, particu- 
larly renal vascular disease 

(4) jaundice 

(5) multiple myeloma 

(6) age. 


The incidence of acute renal failure in the above 
groups of patients is high after the use of i.v. contrast 
media, use of nephrotic drugs (e.g. non-steroidal 
anti-inflammatory drugs, gentamicin, amphotericin) 
and surgery. Measures that may be taken to reduce 
the risk of acute renal failure include discontinuation 
of nephrotoxic agents wherever possible (such as 
non-steroidal anti-inflammatory drugs) or moni- 
toring levels carefully to avoid toxic concentrations 
(as with gentamicin). 

It is important to eliminate dehydration in “at 
risk” individuals by evaluating fluid status (if 
necessary with a central venous catheter) and 
administering fluid (if necessary i.v. using normal 
saline in preference to 5% dextrose in patients with 
renal impairment). Adequate extracellular volume 
status before major surgery is an excellent pre- 
ventative measure particularly in the jaundiced 
patient or those undergoing aortic surgery [3]. 
Recently, in a prospective study, patients with a 
mildly elevated creatinine who underwent coronary 
angiography were hydrated with 0.45 % saline before 
and after angiography. Saline alone significantly 
reduced the risk of renal failure induced by radio- 
contrast agents compared with saline and frusemide 
or mannitol [34]. 

The role of dopamine as a renoprotective agent is 
controversial. Dopamine is used widely in the dose 
range 2-5 ug kg“! min“! and is said to act as a renal 
vasodilator. There is significant overlap in the 
stimulation of beta-adrenergic and alpha-adrenergic 
receptors even at these doses. The increased blood 
flow is probably the result of the inotropic effects 
of dopamine and can be reproduced by other 
non-dopamineric inotropes. In a randomized double- 
blind trial [11], dopamine and dobutamine were 
compared for their ability to improve renal 
function. Dopamine acted as a diuretic and did not 
improve creatinine clearance. Dobutamine, a non- 
dopaminergicinotrope, improvedcreatinine clearance 
without a change in urine output [11]. 

The diuresis commonly seen after administration 
of dopamine is probably the result of a direct tubular 
effect. However, dopamine impairs the important 
tubuloglomerular feedback mechanism which may 
adversely affect the oxygen supply and demand 
balance, possibly promoting the development of 


British Journal of Anaesthesia 


acute tubular necrosis [10]. Dopamine is commonly 
used to prevent acute tubular necrosis. The evidence 
supporting this is poorly controlled and often 
anecdotal. A recent well designed trial [1] showed no 
benefit in the prevention of renal dysfunction in well 
hydrated patients undergoing elective abdominal 
surgery receiving dopamine [1]. In another con- 
trolled study, patients undergoing coronary artery 
bypass surgery failed to derive any benefit from 
prophylactic dopamine [26]. There is one study in 
which dopamine protected against radiocontrast- 
induced renal failure in patients with pre-existing 
renal impairment; however, no diabetics were in- 
cluded [16]. 

Mannitol is an osmotic diuretic which if ad- 
ministered prophylactically to patients undergoing 
surgery can reduce the incidence of acute renal 
failure. However a recent prospective trial found no 
additional benefit beyond adequate hydration [15]. 
The beneficial effects of mannitol are thought to 
be due to decreased intratubular obstruction and 
improved renal haemodynamics secondary to an 
increase in medullary blood flow and cellular 
protection. 

At present there is no acknowledged treatment 
which reduces duration or mortality of acute renal 
failure since the advent of dialysis. However, recent 
animal studies have indicated that atrial natriuretic 
peptide (ANP) attenuates the severity and/or accel- 
erates the recovery in experimental models of acute 
renal failure [29]. ANP increases GFR in patho- 
logical states, by increasing the glomerular capillary 
perfusion pressure and has a direct diuretic and 
natriuretic effect on the distal tubule as described 
earlier. In a randomized blinded study in humans, 
ANP appeared to reduce the need for dialysis and 
increased creatinine clearance when given paren- 
terally to those patients with established intrinsic 
acute renal failure. There was no improvement in 
mortality [15]. This study needs to be reproduced in 
larger trials before definitive conclusions on the use 
of ANP in acute renal failure can be made. 


Conclusions 


The structural specialization of the renal circulation 
is necessary for its function, but some features of the 
specialization make the kidneys prone to ischaemic 
and/or hypoxic failure. Most importantly, despite 
the low oxygen extraction overall, the renal blood 
supply is not excessive, and indeed is barely adequate 
in some areas. Excessive reliance on blood pressure 
measurements (indicating a pressure in the ‘“‘auto- 
regulatory range”) overlooks the fact that the renal 
blood flow is labile since the kidneys contribute to 
the regulation of blood pressure. 

So, is there an easy way of assessing whether the 
kidneys are failing after an ischaemic episode? 
Urinary measurements are a useful indicator. If the 
effective circulating volume has been reduced the 
kidneys, if functioning normally, will be maximally 
reabsorbing sodium and water. Consequently, the 
urine volume will be small, urine osmolality will be 
high (e.g. over 800 mosmol/kg H,O), and the urinary 
sodium concentration will be low (e.g. less than 
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25 mmol litre), In contrast, if the deceased effective 
circulating volume has induced renal failure, then 
urine volume will be small (or there may be no urine 
produced at all) as a consequence of decreased GFR; 
but if any urine is produced, it is likely that the urine 
osmolality will be close to the plasma osmolality 
(300 mosmol kg! HO) and the urinary sodium will 
be around 140 mmol litre. This is because in acute 
renal failure, renal concentrating ability is lost. 
However, there can be considerable overlap between 
urinary values in prerenal and intrinsic renal failure, 
and although it is true that most oliguric patients 
with urine osmolalites below 350 mosmol kg-! H,O 
will have intrinsic renal failure, and most with 
osmolalities over 500 will have prerenal failure, 
values in between can occur in both conditions. 
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Fulminant and late onset hepatic failure 


A. E. S. GIMSON 


For many years the definition of fulminant hepatic 
failure, first introduced by Trey and Davidson in 
1970, has been used, describing a clinical syndrome 
of sudden massive hepatocyte dysfunction in the 
absence of prior liver disease and resulting in hepatic 
encephalopathy [93]. Although in many series mor- 
tality has continued to reach 80%, those that do 
survive have full functional and structural regen- 
eration without the development of chronic liver 
disease. 

In recent years there has been a renewed debate as 
to the definition of fulminant hepatic failure [12, 72]. 
Previous groups have restricted the diagnosis to 
those with encephalopathy developing between 3, 4 
or 6 weeks [7, 9, 33, 41]. The King’s College Group 
has recently proposed a new terminology around the 
core term acute liver failure. Those patients pre- 
senting within 7 days of the onset of jaundice were 
defined as having hyperacute liver failure, those 
presenting within 8-28 days of jaundice defined as 
acute liver failure and those presenting between 29 
and 72 days as having subacute liver failure. This 
definition is of importance as it categorizes groups 
with different aetiologies and, more importantly, 
different incidence of the major complication cer- 
ebral oedema. This is more common in those with 
hyperacute or acute liver failure and less common in 
those with the subacute variety. Similarly, there are 
differences in prognosis. In hyperacute liver failure 
with medical management alone the prognosis is 
relatively good (36% survival) where as in those 
with subacute liver failure prognosis is poor with 
only a 14% survival rate. All these studies have 
concluded that duration from onset of symptoms to 
encephalopathy is of prime importance in defining 
different prognostic groups, irrespective of the 
aetiology, and exemplify the fact that fulminant 
hepatic failure represents a heterogeneous group of 
conditions with diverse aetiologies and prognoses. 
Assessing the aetiology is, therefore, of crucial 
importance not only because of specific therapy 
directed to that aetiology but also in predicting 
subsequent outcome and need for additional non- 
medical interventions such as orthotopic liver trans- 
plantation. 


(Br. J. Anaesth 1996; 77: 90-98) 
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Aetiology 


Fulminant hepatic failure is uncommon and the 
majority of cases are the result of drug hepatotoxicity 
or viral hepatitis (table 1). 


DRUG HEPATOTOXICITY 


Paracetamol hepatotoxicity, the most common cause 
of fulminant hepatic failure in the United Kingdom, 
usually occurs after consumption of more than 12 g 
of the drug. More recently the importance of 
inadvertent paracetamol hepatotoxicity often taken 
for an intercurrent illness and without suicidal intent 
has been stressed. Patients with enzyme induction 
due to alcohol abuse [61] or the consumption of 
enzyme-inducing drugs leads to induction of the 
cytochrome system and increased production of the 
toxic metabolite [57]. Hepatic metabolism of para- 
cetamol initially occurs via sulphation and glucu- 
ronidation. When this metabolic pathway is saturated 
a cytochrome P450 mechanism may result in the 
formation of an unstable toxic nucleophilic com- 
pound N-acetyl-p-benzoquinone imine. This com- 
pound is detoxified by tissue glutathione and when 
stores of this are depleted hepatic damage occurs. 
Prior depletion of tissue glutathione due to oxidant 
stress or alcohol consumption will also aggravate 
hepatocyte injury. The antidote N-acetylcysteine 
(NAC) if given within 16 h of the overdose may act 
as a sulphydryl donor and neutralize the toxic 
metabolite. Recent evidence from retrospective ana- 
lyses [47] as well as a prospective randomized 
controlled trial suggest that patients with significant 
hepatotoxicity and liver failure may benefit from 
NAC even when given more than 16h after the 
initial overdose. In these important studies reduced 
organ dysfunction and significantly improved sur- 
vival were observed [56]. While the mechanism of 
action of NAC at this later stage is likely to be 
different from that when given within the first 16 h it 
is clear that all patients who have taken a significant 
paracetamol overdose and have evidence of hepato- 
toxicity should be given a continuous NAC infusion 
until normalization of markers of hepatocyte damage. 

A wide range of other drug toxicities may occur 
leading to fulminant hepatic failure. Halothane 
hepatotoxicity is now rare, usually occurring in 
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Table 1 Aetiology of fulminant hepatic failure 


Viral 
Acute hepatitis A (HAV) 
Acute hepatitis B (HBV) hepatitis D co-infection 
Hepatitis D (HDV) superinfection of a chronic HBV carrier 
Hepatitis B reactivation in a chronic HBV carrier 
Acute hepatitis C (HCV) other chronic viral carriage 
Acute hepatitis E (HEV) 
Indeterminate viral hepatitis 
Epstein-Barr virus infection, cytomegalovirus, herpes 
simplex, herpesvirus-6, varicella 
Drugs 
Paracetamol (intentional/unintentional; with/without enzyme 
induction) 
Halothane, isoflurane, enflurane 
Carbon tetrachloride 
Rare idiosyncratic drug reactions: isoniazid, rifampicin, 
sodium valproate, Ketoconazole, erythromycin, 
sulphonamides, tricyclic antidepressants, propyl thiouracil, 
FIAU 
Others 
Acute fatty liver of pregnancy, pre-eclamptic syndromes 
Wilson’s disease 
Autoimmune chronic active hepatitis 
Budd-Chiari syndrome 
Malignancy; non-Hodgkin’s lymphoma, metastatic disease 
Heat stroke 
Amanita poisoning 
Circulatory shock 
Reye’s syndrome 
Sepsis 





females up to 21 days after exposure. Multiple 
exposures are common but it has been reported after 
a single anaesthetic. Occasionally there may be other 
features of drug hypersensitivity including a rash, 
eosinophilia and liver kidney microsomal antibodies 
in 25% of cases. A specific antibody against a 
halothane altered component of hepatocyte mem- 
branes suggests that the damage may be immu- 
nologically mediated. Hepatotoxicity has been 
reported on rare occasions following enflurane [104] 
and isofluorane as well as phenytoin, tricyclic 
antidepressant drugs and sodium valproate [23]. 
Recently, the importance of significant hepato- 
toxicity associated with anti-tuberculous medication 
has been stressed. In these patients oxidant stress 
and low tissue glutathione concentration as well as 
enzyme induction due to fasting or chronic alcohol 
abuse may also contribute to the likelihood of hepatic 
dysfunction [65]. 


VIRAL HEPATITIS 


In most series fulminant viral hepatitis is the most 
common cause of acute liver failure. The reason for 
the development of liver failure in up to 1 % of cases 
is unclear but presumably includes host factors such 
as age, as well as the size of the inoculum and 
perhaps virus strains. Fulminant hepatitis A (HAV) 
is more common in the elderly [36] and i.v. drug 
users [1] and the mechanism of the damage remains 
unclear. The prognosis is relatively good with 
survival rates of up to 50% with medical treatment 
alone. Fulminant hepatitis B (HBV) is an important 
cause of acute liver failure [40,74], the risk of a 
fulminant presentation being higher than with HAV, 
and more common in women or after termination of 
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Table 2 Investigations in patients with fulminant hepatic 
failure 





Full blood count 
Prothrombin time/prothrombin ratio 
Serum electrolytes, creatinine and phosphate 
Serum bilirubin, albumin, transaminases, alkaline phosphatase, 
amylase 
Serum/urine for toxicological screen 
Viral serology 
HAV IgM anti-HAV 
HBV HBsAg, IgM anti-HBc, HBV DNA 
HCV Anti-HCV antibody, HCV mRNA 
HDV IgM anti-HDV 
HEV Anti-HEV antibody 
Serology for CMV, EBV, herpes, etc. and convalescent 
sera if available. 
Serum copper, caeruloplasmin. 24-h urinary copper and 
penicillamine challenge if appropriate 
Autoantibodies /immunoglobulins 
Chest x-ray 
Ultrasound scan of liver (size, texture, patency of 
portal/hepatic veins. Spleen size) 
Slit-lamp examination for Keyser-Fleischer rings 


chemotherapy and immunosuppression in HBV 
carriers [16]. It may also occur with HBV re- 
activation, with HBe antigen/HBe antibody sero- 
conversion and when there is associated delta HDV 
co-infection or super-infection of HBV carriers 
[34, 44]. 

Hepatitis C (HCV) has been considered only 
rarely as a cause of acute liver failure, on the basis on 
anti-HCV serology [43]. In contrast, recent studies 
have suggested that HCV may account for up to 
30% of cases of serologically indeterminate viral 
hepatitis when HCV mRNA is tested by polymerase 
chain reaction (PCR). In these studies the im- 
portance of multiple viral co-infection has also been 
stressed. Other viral causes include hepatitis E 
infection [3, 60], particularly in the Indian sub- 
continent and rarely Epstein-Barr virus [26], cyto- 
megalovirus [49], herpes simplex [24], varicella [66] 
and herpesvirus-6 [73]. These cases often occur in 
immunocompromised individuals. 

A long list of rare causes of fulminant hepatic 
failure account for approximately 5% of the cases 
but accurate diagnosis is essential (table 2). Liver 
failure associated with pregnancy may be caused by 
acute fatty liver of pregnancy or eclamptic syndromes 
(27, 80, 81]. The Budd-Chiari syndrome [78], dis- 
seminated malignancy (in particular non-Hodgkin’s 
lymphoma [102]) and Wilson’s disease may also 
present a fulminant course [8]. The clue is often the 
presence of hepatosplenomegaly. Reye’s syndrome is 
a further rare cause of acute liver failure but is more 
common in young children [31]. The cause is 
unknown but interest has centred on the role of 
salicylates and the use of these drugs in febrile 
children is no longer recommended. In such cases 
the primary lesion of diffuse microvascular fatty 
change within the liver is different from that 
observed in most other forms of fulminant hepatic 
failure. Liver failure has also been recorded in 
children treated with sodium valproate [103] or 
tetracycline hepatoxicity and Jamaican vomiting 
sickness. Recently the development of a diffuse 
microvascular infiltrate with hepatocellular necrosis 
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has been observed following the use of nucleoside 
analogues and electron microscopic evidence has 
pointed to a primary mitochondrial damage [63]. 


Pathology 


The majority of causes of fulminant hepatic failure 
give rise to a severe and widespread hepatocellular 
necrosis [52]. This starts in a centrizonal distribution 
and progresses towards the portal tracts [20]. The 
degree of associated parenchymal inflammation is 
highly variable, being more prominent in those with 
a longer duration of the disease [46]. Canalicular 
cholestasis may also be apparent but usually is the 
consequence of sepsis. Initial studies by Horney and 
Galambos suggested that pathogenesis of fulminant 
viral hepatitis was due to an ischaemic infarction [50] 
which, in the context of fulminant hepatitis B, was 
considered to result from sinusoidal deposition of 
antigen—antibody complexes following an exagger- 
ated immune response to the hepatitis B virus [40]. 

Previous suggestions that fulminant hepatic failure 
may be associated with an impaired hepatic re- 
generative response have been discounted with the 
finding of prominent immunostaining for prolifer- 
ating cell nuclear antigen in surviving hepatocytes 
[38] and elevated concentrations of hepatocyte 
growth factor [42]. 


General management 


Management in an intensive care unit is mandatory. 
Patients require dextrose infusions, prophylaxis for 
upper gastrointestinal bleeding and close micro- 
biological surveillance. Treatment of the coagulation 
deficit is needed only if there is overt bleeding. 

Attempts at treating fulminant hepatic failure with 
steroids, insulin and glucagon have been unsuc- 
cessful. Other modalities tried have included PGE, 
[11, 88, 89] and interferon with cyclosporin A in 
patients with fulminant viral hepatitis [101]. These 
are either of no proved benefit or require further 
evaluation. 


Organ dysfunction and treatment 
HEPATIC ENCEPHALOPATHY AND CEREBRAL OEDEMA 


During fulminant hepatic failure progressive en- 
cephalopathy is subsequently associated with the 


Table 3 Classification of grades of hepatic encephalopathy 

Grade 1 Mild confusion, poor concentration occasionally 
dysphoria. Reversed sleep pattern. When roused 
fully coherent. 

Increasing confusion and disorientation but still 
rousable and able to be rational. 

Sleeping most of the time but can be roused to 
commands. May be markedly agitated occasionally 
aggressive. 

Not rousable to commands but may or may not be 
responsive to painful stimuli. Clinical fearures of 
cerebral oedema may be apparent during this 
stage, including hyperventilation, pupillary 
abnormalities, opisthotonus and extensor plantars. 
Abnormal respiratory pattern. 


Grade 2 


Grade 3 


Grade 4 
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development of cerebral oedema. The clinical fea- 
tures range from minimal dysphoria and drowsiness 
in the initial stages to agitation and, later, un- 
responsiveness to all stimuli in grade 4 encepha- 
lopathy (table 3). The rate of progression through 
these grades varies significantly but is fastest with 
paracetamol-induced hepatotoxicity. Those patients 
with grade 4 encephalopathy who develop cerebral 
oedema have a very high mortality without treat- 
ment, compared with those who only develop grade 
1 or 2 encephalopathy. 

The pathogenesis of hepatic encephalopathy in 
patients with acute liver failure remains unclear. The 
previous hypotheses centred around hyper- 
ammonaemia, changes in the proportional relation- 
ship between branch chain and aromatic amino acids, 
elevation of toxins such as mercaptans and short 
chain fatty acids with synergistic effects. Un- 
fortunately these have not given consistent results in 
animal models and, more particularly, the visual 
evoked responses of animals exposed to these agents 
do not replicate the responses seen during liver 
failure. More recent evidence has pointed to the 
gamma amino butyric acid (GABA) pathway as the 
major cause of neuronal depression [67]. Although 
GABA concentrations are not elevated it has been 
postulated that benzodiazepine-like substances act- 
ing via a benzodiazepine receptor closely linked to 
the GABA receptor may be involved. Basile and 
colleagues have observed increased concentrations of 
1,4-benzodiazepine in brain tissue in both animals 
and patients with acute liver failure [5,6]. The 
relationship between these findings and changes in 
other neuroexcitatory and depressant pathways in- 
cluding serotinergic, dopaminergic and glutamin- 
ergic pathways, remains unclear. The use of a 
benzodiazepine receptor antagonist such as fuma- 
zenil has been associated with minor changes in 
coma grade for short periods of time but is of little 
clinical importance [45]. Opioidergic neurotrans- 
mission is also altered in animal models of liver 
failure with increased cerebral levels of Met-Leu 
encephalin. 

Cerebral oedema remains one of the major causes 
of early mortality in fulminant hepatic failure. 
During grade 4 encephalopathy it may be present in 
up to 80 % of cases and is associated with an elevated 
intracranial pressure, reduction in cerebral blood 
flow (CBF) and cerebral metabolic rate for oxygen 
(CMRo,). As intracranial pressure increases, critical 
impairment of cerebral oxygenation occurs, with the 
development of cerebral ischaemia, and tentorial 
herniation develops in about 25% of cases. The 
pathogenesis of this cerebral oedema remains unclear 
and both cytotoxic and vasogenic hypotheses have 
been put forward. It is likely that both varieties of 
cerebral oedema share similar mechanisms at the 
endothelial level. Electron microscopic studies of 
brain from patients dying with fulminant hepatic 
failure have suggested a predominantly cytotoxic 
origin for the cerebral oedema [55]. This has been 
suggested to be the result of the presence of 
inhibitors of neuronal Na/K ATPase [87], although 
others have not confirmed these findings [75]. An 
alteration in the blood-brain barrier has also been 
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observed in other animal models. It is most likely 
that these hypotheses are not mutually exclusive and 
that the increase in brain water content may initially 
be cytotoxic associated with glial swelling in cortical 
grey but not subcortical white matter, and sub- 
sequently be associated with alteration in the blood- 
brain barrier [54]. 

Cerebral oedema, as in many other pathological 
situations, is associated with changes in the normal 
cerebral blood flow autoregulation. Patients with 
grade 4 encephalopathy and fulminant hepatic failure 
have a low cerebral blood flow and do not exhibit the 
usual changes in cerebral blood flow with increases 
in Paco, [2]. This implies some uncoupling of 
the usual relationship between cerebral blood flow 
and CMRo, [59]. It is also clear that there are 
pronounced regional differences in cerebral blood 
flow. 

The clinical detection of cerebral oedema is of 
critical importance [17, 62]. Reliance on such clinical 
features as systemic hypertension, bradycardia, opis- 
thotonus, abnormal pupillary reflexes and decere- 
brate posturing only occur late and when therapeutic 
intervention may be ineffective. The use of computed 
tomography has variable sensitivity [68] but the 
most accurate assessment has been the use of an 
intracranial pressure monitor by the subdural route 
[18, 29, 62]. Complication rates are acceptably low 
and it allows the measurement of cerebral perfusion 
pressure, a critical measure of cerebral oxygen 
delivery. The increase in intracranial pressure to 
greater than 20 mm Hg, if untreated, is associated 
with the subsequent development of tentorial her- 
niation. Transient increases in intracranial pressure 
may be associated with endotracheal suction, changes 
in patient position and painful stimuli. Management 
rests on maintaining normothermia, a head-up 
position of approximately 20° to the horizontal [25] 
and the use of i.v. mannitol 0.5 g/kg body weight. 
Previous trials have demonstrated that dex- 
amethasone and hyperventilation [30] confer no 
survival benefit but mannitol when given for the 
above specific indication significantly improves hos- 
pital survival [21]. Both mannitol and NAC have 
been shown to increase cerebral blood flow in 
patients with grade 4 encephalopathy and this 
increase in cerebral blood flow is accompanied by an 
increase in cerebral oxygen extraction [48]. It is 
important to note that in these circumstances 
hyperventilation may also result in a decrease in 
cerebral blood flow usually due to a decrease in 
cardiac output, and that this decrease in cerebral 
blood flow may be associated with a reduction in 
cerebral oxygen extraction [48]. There is no in- 
dication that prophylactic mannitol is of benefit and 
its use should be reserved for specific evidence of 
intracranial hypertension. Osmotic therapy is in- 
effective in reducing intracranial pressure in the 
presence of renal failure [21] unless combined with 
ultrafiltration of twice the volume of infused man- 
nitol, Other agents including barbiturates may 
significantly lower intracranial pressure but have 
profound haemodynamic side effects [35]. It is best 
considered as a bridge to transplantation to maintain 
stability while the patient awaits a donor liver. 
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CARDIOVASCULAR AND PULMONARY DISTURBANCES 


Fulminant hepatic failure is associated with pro- 
found haemodynamic changes, most particularly, of 
a marked reduction in systemic vascular resistance, 
Over 50% of patients have episodes of hypotension 
during grade 4 encephalopathy despite an elevated 
cardiac output, and these abnormalities are of 
prognostic importance. Despite the elevated cardiac 
index and arterial oxygen delivery to the tissues 
(cardiac index x arterial oxygen content, Dao) 
Bihari and colleagues have proposed that an under- 
lying covert tissue hypoxia is present [13]. Hyper- 
lactataemia in the absence of systemic hypotension 
correlates inversely with systemic vascular resistance 
implying poor tissue perfusion despite apparently 
adequate delivery, and changes in the im vivo p50, a 
measure of the position of the oxygen—haemoglobin 
dissociation curve, are only associated with changes 
in peripheral oxygen extraction in patients who 
survive. In cases with an ultimately poor prognosis 
changes in în vivo p50 that might be expected to 
release more oxygen in the tissues are not associated 
with any change in oxygen extraction ratio, sug- 
gesting a profound disturbance in the control of 
peripheral circulation and oxygen homeostasis, with 
poor capillary perfusion [14]. This may result from 
an interruption to perfusion of some capillaries 
because of marginated platelets or activated 
white cells with a refiex arteriolar vasodilatation 
and luxury perfusion of remaining capillaries [15]. 
Increases in diffusion distance from capillary 
lumen to active respiring cells and a reduction 
in capillary transit time result in impaired oxygen 
extraction. 

These patients exhibit a close relationship between 
oxygen delivery and oxygen extraction by the tissues. 
Such supply dependency has been proposed in other 
states with a high cardiac output/low vascular 
resistance, although its existence remains contro- 
versial. In patients with severe liver disease, use of a 
peripheral vasodilator such as prostacyclin (PGI,) is 
associated with both an increased arterial oxygen 
delivery and oxygen consumption by the tissues [95]. 
Similarly NAC results in an increase in both oxygen 
delivery and oxygen extraction ratio [48]. Such a 
relationship between oxygen supply and extraction is 
also found at a tissue level. Changes in cerebral blood 
flow (using the xenon washout technique) are 
associated with corresponding changes in CMRo,. 
Both PGI, and NAC increase cerebral oxygen 
delivery and CMRo.,, whereas hyperventilation and 
vasoconstrictor drugs (despite increasing mean ar- 
terial pressure) both reduce CMRo, ]96]. 

These findings carry important consequences for 
the management of patients with fulminant hepatic 
failure. Assessment of mean arterial pressure alone is 
inadequate and arterial oxygen delivery requires 
careful monitoring. Calculation of arterial oxygen 
content requires the use of a co-oximeter rather than 
a calculated arterial oxygen saturation because of 
significant changes in the position of the oxygen- 
haemoglobin dissociation curve. Haemodynamic 
goals of maintaining Dag, above 700 ml min“ m’, 
have been proposed. Other measures to maximize 
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Dag, should be attempted and the effect on oxygen 
extraction assessed. 

Pulmonary complications may occur in up to 50% 
of cases [92]. The majority of cases have a low 
pulmonary vascular resistance and some increase in 
alveolar—arterial oxygen difference. In a recent 
review of cases with liver failure due to paracetamol 
hepatotoxicity, 33 % had severe lung injury (Murray 
score > 2.5) with hypoxaemia contributing to the 
death of two patients [4]. Such hypoxaemia may 
have many causes including aspiration of gastric 
contents, pulmonary infection or a syndrome of non- 
cardiogenic pulmonary oedema. Chest radiology 
significantly underestimates the severity of the 
pulmonary dysfunction. Endotracheal intubation is 
usually undertaken when grade 3 encephalopathy 
occurs and care must be taken to ensure that changes 
in ventilatory parameters and end-expiratory press- 
ure do not compromise systemic and cerebral 
haemodynamics. 


ELECTROLYTE AND RENAL DYSFUNCTION 


Hyponatraemia is a universal finding as a result of 
water retention and an intracellular sodium shift 
from inhibition of membrane Na/K ATPase. Saline 
should not be administered. Hypokalaemia related to 
the respiratory alkalosis, and hypophosphataemia 
[28] may also require correction. Hypoglycaemia due 
to reduced hepatic glycogen stores and hyper- 
insulinaemia require treatment with continuous 
glucose administration. Hyperlactataemia and meta- 
bolic acidosis occur in up to 30% of cases, pre- 
dominantly paracetamol induced, and carry a very 
poor prognosis. 

Either acute tubular necrosis or functional renal 
failure may occur in up to half of all cases [97]. In 
cases of toxic injury caused by paracetamol, carbon 
tetrachloride or solvent use, renal impairment may 
be out of proportion to the hepatic injury. Con- 
tinuous haemodiafiltration is performed in order to 
minimize large shifts in solute [98]. Large changes in 
serum sodium concentration must be avoided par- 
ticularly at the time of orthotopic liver transplan- 
tation, as osmotic demyelination and central pontine 
myelinolysis may result. 


BACTERIAL AND FUNGAL SEPSIS 


A wide range of defects in host defences is present. 
Impaired opsonization, leucocyte chemotaxis [100] 
and intracellular killing [22] all contribute to a 
substantial risk of sepsis with up to 80% of patients 
developing bacterial sepsis and 30% developing 
fungal infection [83]. The sensitivity and specificity 
of the usual markers of infection are poor. The 
majority of infective episodes are related to Gram- 
positive organisms. Prophylactic antibiotics may 
have a minor role, although there is no evidence that 
enteral decontamination is of any benefit [82]. More 
important is close microbiological surveillance. 

Fungal infection is particularly common in cases 
with prior bacterial sepsis, a low white cell count at 
presentation and renal failure. Patients require 
careful monitoring particularly in those proceeding 
to orthotopic liver transplantation. 
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DISORDERS OF COAGULATION AND FIBRINOLYSIS 


Hepatocellular necrosis results in marked impair- 
ment in synthesis of many coagulation factors and 
their inhibitors, as well as those factors involved in 
the regulation of fibrinolysis. Only factor VIII 
concentrations are elevated. In addition to the 
reduced synthesis, the contribution of increased 
intravascular consumption of coagulant factors has 
been controversial for some years, but the recent 
finding of elevated thrombin—antithrombin ITI com- 
plexes and D-dimer concentrations both indicate 
intravascular activation of coagulation [58]. In 
contrast, activation of fibrinolysis is not a significant 
clinical problem [77]. 

Progressive thrombocytopenia is universal, associ- 
ated with the loss of the larger more haemostatically 
active platelets [85]. Platelets also have reduced 
aggregation to ADP. 


Assessment of prognosis 


Improvements in intensive medical management 
have resulted in a steady increase in survival rates 
from fulminant hepatic failure. Previous studies 
have demonstrated that the severity of the liver 
failure assessed by serial prothrombin times, number 
and type of organ system failures, and the aetiology 
of the hepatocellular necrosis are all important [10]. 
Assessing which patients have the worst prognosis 
and require consideration for other interventions, 
including orthotopic liver transplantation, must be 
undertaken early giving enough time to find an 
appropriate donor, and at a time when the patient is 
fit enough to withstand the procedure. 

The King’s College group has proposed that 
assessments of prognosis will be different for each 
aetiology [71]. Paracetamol-induced hepatotoxicity 
is best assessed by the presence of acidosis (arterial 
pH < 7.3) and level of prothrombin time [76] (table 
4). For all other aetiologies two static variables, age 
and aetiology, as well as dynamic variables of 
bilirubin, prothrombin time and time from onset of 
symptoms to development of encephalopathy are 
used (table 4). In contrast, Bernau and colleagues 
proposed that factor V concentrations and age were 
more discriminatory [10], and a recent study from 


Table 4 Criteria for consideration for orthotopic liver 
transplantation 





Paracetamol overdose 
Arterial pH < 7.30 
or all the following 
Prothrombin time > 100 s 
Creatinine > 300 pmo! litre"! 
Grade 3 or 4 encephalopathy 
Prothrombin time increasing on day 4 
Non-paracetamol overdose 
Any three of the following: 
Aetiology non-A-non-B hepatitis, halothane or drug reaction 
Age < 10 or > 40 years 
Jaundice to encephalopathy 
Serum bilirubin > 300 pmol litre"! 
Prothrombin time > 50s 
or prothrombin time > 100s 


(Taken from ref. [71]) 
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Table 5 Results of orthotopic liver transplantation for fulminant (FHF) and late onset hepatic failure (LOHF) 


% Grade 3/4 





Author [Ref.] Patients FHF/LOHF 
O’Grady [69] 31 16/15 
Vickers [94] 16 16/0 

Schafer [86] 24 24/0 

Emond [32] 19 19/0 
Iwatsuki [53] 42 42/0 
Gallinger [37] 21 9/12 
Rakela [79] 8 8/0 


Japan could not confirm the King’s College criteria 
[91], perhaps reflecting differences in aetiology and 
medical management. 

Each centre needs to develop criteria that can 
predict outcome as accurately as possible and use 
these to refer cases for orthotopic liver transplan- 
tation. This procedure is usually not performed in 
patients over the age of 65 years, and does require a 
satisfactory cardiopulmonary assessment. 


Orthotopic liver transplantation 


For those patients with the worst prognosis ortho- 
topic liver transplantation remains their only chance 
of long-term survival. Survival rates of up to 70% 
have been reported in some series (table 5). Selection 
of the patient is important [99]. An upper age limit 
of 65 years ig used in some units and the presence of 
two other organ system dysfunctions used as a 
contraindication. Reports of significant brain damage 
after transplantation related to preoperative cerebral 
ischaemia and cerebral oedema reflects the difficult 
issue of the significance of changes in cerebral blood 
flow and perfusion pressure in predicting neuro- 
logical outcome [68]. Recent studies have demon- 
strated that survival without neurological deficit may 
occur even after periods of up to 3 h of low cerebral 
perfusion pressure presumably because of very low 
CMRo,. Possibly the use of jugular bulb cannulation 
and lactate/oxygen concentrations may give better 
discrimination. 

In those cases with potentially reversible liver 
dysfunction, such as paracetamol hepatotoxicity, the 
technique of auxiliary partial orthotopic liver trans- 
plantation with a hemihepatectomy of donor and 
recipient, and grafting of the left lobe of the donor 
only, have theoretical advantages [19]. If satisfactory 
regeneration of the native liver occurs then immuno- 
suppression can be withdrawn and the graft then 
atrophies [64]. 


Artificial liver support 


In recent years the use of temporary liver support 
with perfusion of hepatocyte or hepatoblastoma cell 
lines encapsulated within hollow fibres has seen a 
resurgence of interest [84,90]. Their use remains 
experimental and no evidence of survival advantage 
or basis for a “‘bridge”’ to transplantation has been 
reported. Previous techniques including high flux 
haemofiltration, charcoal haemoperfusion [39, 70] 


Encephalopathy % Survival 
35 61 
100 56 
50 58 
84 58 
64 50 
81 72 
88 63 


and Amberlite XAD-7 perfusion [51]; all had some 
problems of bioincompatibility and were clinically 
ineffective. Indeed, the concept that the major 
problem in the late stages of fulminant hepatic 
failure is the result of the failure of the liver to clear 
“toxins” may be false. Studies demonstrating dram- 
atic improvements in cerebral perfusion pressure, 
and systemic vascular resistance on exclusion of the 
liver from the circulation or hepatectomy, suggest 
that substances released by the necrotic organ may 
be just as important. Until more efficient bio- 
compatible devices are available, artificial liver sup- 
port will develop only slowly. 
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New approaches to acute lung injury 


L. M. BIGATELLO AND W. M. ZAPOL 


The lung responds to acute injury of diverse 
aetiology via a series of common pathways. The 
pathological changes caused by a variety of toxic and 
infectious agents evolve over time from endothelial 
and epithelial injury to alveolar consolidation and 
finally to fibroblast proliferation and collagen de- 
position. Widespread acute injury to the lung 
produces diffuse alveolar damage [33], a well charac- 
terized anatomical entity that forms the basis of the 
protean clinical picture of acute respiratory failure. 
This clinical picture has been identified in the past 
by a host of terms, creating some confusion. 
Recently, a panel of experts clarified the definition of 
acute lung injury [4]. The terms acute lung injury 
(ALI) and acute respiratory distress syndrome 
(ARDS) are proposed to describe the continuum of 
a syndrome of primary respiratory failure, charac- 
terized by the acute onset of dyspnoea, hypoxaemia 
and bilateral consolidation on the chest radiograph 
(table 1). ALI is considered to be the early stage of 
ARDS, with milder abnormalities of respiratory 
function, and it may subsequently evolve into the 
more severe and more easily diagnosed syndrome of 
ARDS. The major reason to define ALI is to 
facilitate experimental and clinical investigation of 
the early stages of ARDS, in order to improve the 
early recognition and treatment of this syndrome [4]. 


Aetiology of ALI and ARDS 


There are many known aetiological factors of ARDS. 
Although little information exists regarding the 
causes of ALI itself, it seems likely that the 
aetiologies causing ARDS also cause ALI [4]. The 
common aetiologies of these syndromes are sum- 
marized in table 2. Rather than listing all the known 
causes, we have emphasized two main aetiological 
groups, separating causes that arise within the lung 
from those arising outside the lung. The subsequent 
anatomical and physiological pattern of lung injury 
evolves via common pathways, and respiratory 
failure dominates the clinical presentation. Co- 
existing acute lung disease may at times cloud the 
acute onset of respiratory failure; nosocomial pneu- 
monia in particular is both a frequent cause and 
complication of ALI and presents a diagnostic 
challenge. It is currently accepted that a syndrome of 
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ALI can develop in patients with co-existing lung 
disease [4]; at times [52] certain lung pathology, such 
as interstitial lung disease, pulmonary embolism, 
invasive carcinoma and Pnewmocystis carintt pneu- 
monia are excluded from clinical trials of ARDS since 
they would probably increase the mortality or alter 
the host’s response to ARDS. The incidence of each 
individual aetiological factor varies widely according 
with the ICU population under study. In general, 
medical intensive care units most often treat patients 
with ALI caused by infectious pneumonia, often 
with pre-existing chronic lung disease, while surgical 
intensive care units treat ALI after trauma, burns 
and abdominal sepsis. 

Regardless of whether the primary aetiology 
originates within or outside the lung, a systemic 
inflammatory response accompanies and may de- 
termine the progression of ALI (table 3). Chemotaxis 
and activation of leucocytes lead to the release of 
cytotoxic free radicals and cytokines such as tumour 
necrosis factor and the interleukins [12]. The 
expression of leucocyte adhesion molecules and 
proteases [14] contributes to epithelial and endo- 
thelial injury. A number of homeostatic systems are 
activated: the complement and kinin systems, the 
coagulation cascade, the cyclo-oxygenase and leuko- 
triene pathways and the nitric oxide (NO)-cyclic 
guanosine monophosphate (CGMP) pathway. The 
systemic inflammatory process contributing to acute 
lung injury is complex. We will highlight a few 
recent and significant findings. 

Complete inhibition of local fibrinolysis has been 
demonstrated in the broncho-alveolar lavage fluid of 
patients with ARDS but not in the fluid of patients 
with other forms of acute respiratory failure [7]. The 
sites of early fibrin and fibronectin deposition in 
alveoli correlate with the sites of formation of hyaline 
membranes, the anatomical hallmark of ARDS [33], 
and the subsequent location of fibrosis and collagen 
deposition. 

Increased local production of NO by inducible 
NO synthase during sepsis may impair local hypoxic 
pulmonary vasoconstriction (HPV), impair venti- 
lation to perfusion matching and reduce arterial 
oxygen tension [54]. In contrast, when low concen- 
trations of NO gas are administered by inhalation, 
(see section on supportive therapy), NO primarily 
reaches ventilated alveoli, augments their perfusion 


and enhances ventilation to perfusion matching, 
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Table 1 The definition of acute lung injury (ALT) and acute 
respiratory distress syndrome (ARDS) according to the 
American-European Consensus Conference of ARDS [4] 


(1) Acute onset of respiratory distress 
(2) Hypoxaemia: 
ALI: Pao, /F < 300 mm Hg 
ARDS: Pao,/ < 200 mm Hg 
(3) Bilateral consolidation of chest radiograph 
(4) Absence of clinical findings of cardiogenic pulmonary 
oedema 





Table 2 Actiologies of acute lung injury (ALI) and acute 
respiratory distress syndrome (ARDS). (Aetiologies specific for 
ALI have not been investigated separately. Since ALI and 
ARDS are believed to form an anatomical and clinical 
continuum, the aetiologies of ARDS are extended to ALI) 


(1) Direct lung injury 
Aspiration pneumonitis 
Other pneumonitis: oxygen, smoke inhalation, radiation, 
bleomycin 
Infectious pneumonia, community acquired and 
nosocomial 
Trauma: lung contusion, penetrating chest injury 
Near-drowning 
Fat embolism 
(2) Distant injury 
Inflammation, necrosis, infection (sepsis syndrome) 
Multiple trauma, burns 


Shock, hypoperfusion 
Acute pancreatitis 
Transfusion-associated lung injury (TRALI) 


increasing the arterial oxygen tension [47]. Regional 
inhibition of NO synthesis may also occur in the 
sepsis syndrome, promoting vasoconstriction, plate- 
let aggregation and thrombosis; the biological pro- 
duction and effects of NO are widespread and both 
inhibition and induction of NO synthesis may occur 
simultaneously in different organ systems at varying 
times during systemic inflammation [35]. 
Activation of the cyclo-oxygenase pathway may 
increase the synthesis of vasoconstrictor prosta- 
glandins (e.g. thromboxane A,) resulting in pul- 
monary hypertension, oedema and increased bron- 
chial reactivity. Clinical use of a cyclo-oxygenase 
inhibitor in patients with ARDS and the sepsis 
syndrome is currently being investigated [3]. 
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Pathophysiology of ALI and ARDS 
ANATOMY 


The pathological evolution of ALI and ARDS in 
animal models has been separated into two discrete 
phases: an exudative and a proliferative phase. In 
humans, however, this sequence is not well separated 
temporally, and exudative and fibrotic regions of the 
lung often overlap as disease progresses. After the 
initial acute epithelial and endothelial injury, alveolar 
oedema, haemorrhage and fibrin deposition occur in 
the lung, along with a diffuse interstitial inflam- 
matory cell infiltrate (fig. 1). Alveolar exudation is 
widespread despite a low hydrostatic pressure in the 
pulmonary vessels: injury rather than an elevated 
pressure promotes oedema during early ALI. As 
hyaline membranes progressively line the alveolar 
spaces, alveolar consolidation results. These ana- 
tomical phenomena form the basis for the physio- 
logical events of hypoxaemia and reduced com- 
pliance. They also justify the logic of the beneficial 
effect of positive pressure ventilation in promoting 
alveolar recruitment and, at the same time, explain 
the exquisite susceptibility of the injured alveolar 
space to the additional noxious stresses of mechanical 
ventilation [15]. Early pulmonary vascular lesions 
include haemorrhage and the formation of micro- 
thrombi in capillaries and small pulmonary arteries; 
later, medial hyperthrophy and intimal fibrosis 
occur, and eventually large portions of the pul- 
monary vascular bed may become obliterated [58]. 
As the syndrome progresses, fibroblast proliferation 
becomes prominent. Peribronchial and interstitial 
fibrosis, with variable degrees of chronic inflam- 
mation, are characteristic. Fibrosis is at times 
exceptionally severe (honeycomb lung) and their 
intensity appears to correlate with a poor prognosis 
[33]. 


PHYSIOLOGY 


Arterial hypoxaemia and a low lung compliance are 
the clinical hallmarks of ALI. Alveolar collapse 
causes hypoxaemia by impairing the matching of 
ventilation to perfusion. The pulmonary circulation 


Table 3 Summary of the complex pathogenesis of acute lung injury/acute respiratory distress syndrome. 


[Detailed descriptions can be found in refs 7, 12, 14, 54, 58] 


Aetiological condition 


within or outside the lung: aspiration, trauma, sepsis, etc. 


4 
Initiation of the inflammatory response 
dead tissue, endotoxin, bacteria 
(1) Cellular component 


neutrophils, macrophages, lymphocytes, platelets 
4 


leucocyte activation: release of cytokines, free radicals, adhesion molecules, proteases leading to endothelial 


and epithelial injury. 


(2) Humoral component 
4 4 4 
coagulation cyclo-oxygenase complement nitric oxtde 
cascade: pathway: system : inhibition : induction : 
inhibition of (thromboxanes) cytotoxicity platelet systemic 
fibrinolysis vasoconstriction, aggregation, hypotension, 
platelet leucocyte local 
aggregation, migration, vasodilatation 
broncho- vascular and venous 
constriction permeability admixture 
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Figure 1 Diagram of the alveolar and vascular components of acute lung injury. (Reproduced with permission 


from Zapol and colleagues [59].) 


normally responds to hypoxaemia by locally con- 
stricting blood vessels supplying poorly ventilated 
alveoli, thereby diverting venous blood flow to well 
ventilated alveoli. This response, termed hypoxic 
pulmonary vasoconstriction (HPV), is a homeostatic 
response required to preserve an adequate arterial 
oxygen tension. Unfortunately, the combination of 
HPV, release of vasoconstrictor mediators and 
down-regulation of the production of vasodilators 
such as NO and prostacyclin may enhance pul- 
monary hypertension, which fosters the formation of 
pulmonary oedema and increases the afterload of the 
right ventricle. Severe pulmonary hypertension is 
associated with a high mortality [61]. Vasocon- 
striction, vascular occlusion and alveolar over- 
distension by positive pressure ventilation can create 
lung regions with a high ventilation to perfusion 
ratio and markedly increase the ventilatory dead 
space of patients with established ARDS. This 
augments the ventilatory requirements and increases 
the risk of alveolar damage due to mechanical 
forces. 

During ARDS, the compliance of the lung is 
initially decreased by alveolar oedema and collapse, 
and subsequently by diffuse pulmonary fibrosis. 
Although a low compliance is not universally 
included as a diagnostic criterion of ARDS, it is a 
constant feature of the syndrome and requires 
accurate evaluation to optimize mechanical venti- 
latory support: 


Compliance of the respiratory system 
= pee: eee a) 
Paw— total PEEP 
Compliance of the lung 
= Vr 
(Paw — Poes)— total PEEP 





(2) 


where Paw and Poes are the pressures measured 
during a 2-s end-inspiratory pause (plateau pressure) 
at the airway and oesophagus respectively; total 


PEEP is the sum of both applied and intrinsic 
positive end-expiratory pressure (auto-PEEP) [46]. 
The determination of respiratory compliance in 
patients with ARDS should include: 


(a) measurement of plateau pressure at several lung 
volumes; 

(b) measurement of auto-PEEP; 

(c) when deemed necessary, measurement of intra- 
thoracic pressure, to separately evaluate lung 
and chest wall compliance. 


Methods currently employed to assess static 
respiratory compliance deliver small incremental 
volumes to a sedated and fully relaxed patient. A 
series of inflations are used to compute a pressure— 
volume curve, the slope determining the compliance 
of the respiratory system. To separate the lung and 
chest wall contributions, intrathoracic pressure is 
estimated with an oesophageal balloon. During ALI 
the compliance of the respiratory system is assumed 
to be primarily determined by lung compliance. 
Occasionally, chest wall compliance is reduced (e.g. 
abdominal distension, circumferential burns, tight 
bandages or massive oedema of the trunk) and 
measurement of oesophageal pressure is necessary to 
determine lung and chest wall compliance. 

Significant increases of airway resistance are 
atypical of established ARDS, which is primarily 
viewed as a syndrome of reduced compliance. 
However, an increased resistive component [27] 
should be sought in the early phases of ALI, when 
bronchial inflammation is apparent and bronchocon- 
strictor mediators may be released. 


Prognosis 


When ALI progresses to established ARDS, a 
mortality rate near 60% has been reported con- 
sistently [1, 2, 8, 43, 52, 62]. The patient’s prognosis 
is worsened by risk factors such as advanced age, 
pre-existing diseases and sepsis, regardless of 
whether the latter is the cause or a complication of 
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Table 4 Incidence and mortality rate of the acute respiratory 
distress syndrome (ARDS) in three studies: the NIH 
collaborative study of extracorporeal support [62], the 
European collaborative study of ARDS [1] and the Multicenter 
Registry of patients with ARDS [52]. (* Since the diagnosis of 
sepsis includes patients with infectious pneumonia, the total 
incidence of the individual aetiological factors is greater than 
100%) 





Incidence (%) Mortality (%) 

Aetiology NIH EUR MR NIH EUR MR 
Number of patients 741 583 153 
Year 1979 1987 1992 
Aspiration 

pneumonitis 12 11 12 67 60 NA 
Infectious 

pneumonia 25 30 31 69 6l NA 
Trauma 7 19 35 47 38 42 
Sepsis* 38 55 63 69 68 64 
Total mortality (%) 66 59 54 





Miscellaneous 
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Figure 2 Aetiology of acute lung injury/acute respiratory 
distress syndrome in the European collaborative study of 
ARDS. (Modified with permission from Artigas and colleagues 
(1].) 


ARDS. The combination of two or more such risk 
factors (e.g. age over 60 and sepsis) with ALI can 
raise the mortality rate to 70-90%. Table 4 
summarizes the incidence and prognosis of the most 
frequent aetiologies of ALI, as reported in three 
large clinical studies over the past two decades: the 
NIH collaborative study of extracorporeal support 
[62], the European collaborative study of ARDS [1] 
and the Multicenter Registry of patients with ARDS 
[52]. Even though the entry criteria of the most 
recent of these studies [52], are rather liberal and 
approach the current definition of ALI [4], the 
frequency and mortality rates of each aetiological 
category of ARDS were comparable in all three 
studies. Figure 2 illustrates the distribution of the 
most common aetiologies of ARDS in the European 
Collaborative Study [1]. Figure 3, obtained from the 
data of the Multicenter Registry of patients with 
ARDS [52], illustrates the direct correlation of 
mortality with increasing age, as well as with the 
number of aetiological factors causing ALI present 
at the time of diagnosis. The development of new 
organ system failures (e.g. liver failure, renal failure) 
during the evolution of ALI greatly increases the 
mortality rate, reaching 80-90% when more than 
three organ systems fail [1]. 
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An increasing survival rate of patients with ARDS 
has recently been suggested, using temporal survival 
trend analysis [41, 43]. While the survival rate of 
high risk patients (i.e. those with advanced age or 
multiple risk factors) is essentially unchanged from 
earlier periods, younger patients, after traumatic 
injury and without overt infection, appear to have a 
significantly better chance of survival when com- 
pared with 10 or 20 years ago. This may be a 
reflection of an overall improvement of intensive care 
therapies for all critically ill patients, improved 
ventilatory and pharmacological support, or all three. 
Not all studies, however, report enhanced survival 
rates [52] and careful, prospective data collection is 
needed. 

For the survivors of ARDS, lung function often 
recovers significantly, allowing the survivors of this 
devastating syndrome to lead a productive life. The 
degree of residual impairment of respiratory function 
correlates with the severity of ARDS [39]. After a 
prolonged hospital course, recovery of lung function 
(both subjective function and spirometry) continues 
for several months, and plateaus at 3—6 months. At 
this time, the total lung capacity, vital capacity and 
DLepo reach approximately 70% of the predicted 
normal values [39]. 


Therapeutic approaches to ALI 


There is widespread agreement on the basic thera- 
peutic principles for treating ALI: admission to the 
ICU, treatment of the underlying condition, use of 
supplemental oxygen and mechanical ventilation 
with PEEP, avoidance of oxygen toxicity and of fluid 
overload. Beyond this, practices vary widely. We will 
discuss both common and novel therapies. 


PREVENTION AND TREATMENT OF THE UNDERLYING 
CONDITION 


Limiting the incidence and severity of the various 
aetiologies known to cause ALI is the most sensible 
way of preventing ARDS. Since ARDS is a relatively 
uncommon occurrence (5 to 25 cases per 100000 
individuals per year) [34, 55] any prospective evalu- 
ation of preventive measures requires a large number 
of subjects. One way to overcome this problem in 
planning studies of ARDS is to select a patient 
population known to be at high risk of developing 
the syndrome [11]. Another approach is to liberalize 
the definition of ARDS and thereby increase its rate 
of diagnosis. This strategy was promoted at the 
American-European Consensus Conference on 
ARDS [4] and prompted the introduction of the 
term ALI to include earlier and less severe forms of 
ARDS. 

General principles of sound clinical practice are 
important for the prevention of ALI: early drainage 
of abscesses, debridement of devitalized tissue, rapid 
fixation of fractures, grafting of burn scars, adequate 
volume resuscitation of hypovolaemic states, ap- 
propriate use of antibiotics and sterile techniques, 
etc. Certain additional interventions aimed at limi- 
ting the incidence or severity of ALI have been 
proposed. 
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Figure 3 Predictors of mortality rate in a prospectively studied population of 153 patients with acute lung 
injury /acute respiratory distress syndrome. Modified with permission from Sloane and colleagues [52]. a: shows 
the incidence of some of the most common aetiological factors; more than one aetiological factor was often 
recorded. B: shows the effect of increasing age on the mortality rate. c: shows the effect on the mortality rate of 
the combination of multiple aetiological factors at the time of enrolment. 


“ Supranormal”’ haemodynamic management 


The practice of “‘supranormal” [51] haemodynamic 
resuscitation with i.v. fluids and pressors has been 
proposed to improve the therapy of critically ill 
patients, including those with ARDS [10, 13]. A 
hidden tissue oxygen debt, unmasked by ‘“‘supra- 
normal” resuscitation, was suggested to negatively 
affect the prognosis of ARDS and several other 
critical illnesses. Despite enthusiasm for this ap- 
proach in the treatment of trauma victims and septic 
patients, its effect is controversial [50]. Two large 
recent trials [24,29] of critically ill patients, in- 
cluding ARDS patients, showed no benefit of 
**supranormal” resuscitation on the overall survival 
rate or the evolution of respiratory failure. 


Prophylaxis of chemical and bacterial aspiration 


Aspiration of gastric contents is a frequent aetiology 
of ALI. Prophylaxis includes watchful assessment of 
the patients’ ability to protect the airway, skilful 
airway management at the time of and after tracheal 
intubation, and possibly (controlled data are not 
available) stimulation of gut motility with cholinergic 


agents such as metoclopramide. In addition, phar- 
macological interventions have been examined to 
learn if they reduce the incidence of nosocomial 
pneumonia and consequent ARDS through decon- 
tamination of the gastrointestinal tract. Oral or 
gastric administration of sucralphate (a sucrose 
sulphate and aluminium hydroxide salt) for stress 
ulcer prophylaxis prevents Gram-negative bacillary 
overgrowth of the proximal gastrointestinal tract of 
intubated patients and may decrease the incidence of 
nosocomial pneumonia in comparison with therapy 
with antacids and histamine receptor antagonist [18]. 
Selective gastrointestinal decontamination with non- 
absorbable antibiotics has also been proposed to 
prevent aspiration of bacteria into the tracheo- 
bronchial tree. However, clinical trials failed to show 
a decreased incidence of nosocomial pneumonia 
following selective decontamination [22]. 


Prophylaxis of transfuston-related ALI (TRALI) 


TRALI may occur when human leucocyte anti- 
bodies (HLA) are transfused via a plasma-containing 
blood product, i.e. fresh frozen plasma, whole blood 
or packed red blood cells [20]. The combination of 
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these antibodies with the host’s marginated pool of 
granulocytes (the majority of which reside in the 
jung) activates the complement pathway generating 
an inflammatory reaction leading to ALI. Charac- 
terization of the pathogenesis of TRALI is recent. 
What was previously considered to be a risk factor 
for ARDS, massive blood transfusions, is probably 
TRALI. The incidence of TRALI is unknown since 
patients who develop ALI after blood transfusions 
often have other risk factors capable of producing 
lung injury and it is often difficult to isolate a single 
responsible aetiology. A laboratory diagnosis of 
TRALI is supported by HLA antibody screening of 
the donor blood. Prevention of TRALI [20] may be 
possible through donor selection and pre-testing: 
multiparous women and previously transfused sub- 
jects are most likely to donate HLA antibodies. 


Anti-inflammatory therapy : corticosteroids 


Several clinical trials of corticosteroid therapy for 
the treatment of early sepsis and the treatment or 
prevention of ARDS were conducted in the past 
decade [5, 11]. A sub-study of a large sepsis trial [11] 
prospectively evaluated the effects of 24 h of treat- 
ment with methylprednisolone, 30 mg kg“ i.v. every 
6h, on the development of ARDS in patients with 
the sepsis syndrome. They found no beneficial effect; 
in fact, greater mortality occurred in the treated 
group. Another large study [5] failed to detect any 
benefits of a similar methylprednisolone regimen for 
the treatment of established ARDS. Despite these 
negative results, corticosteroid therapy has been 
proposed for the treatment of the late fibro- 
proliferative phase of ARDS [40]. There are no 
controlled data to support this approach. On the 
other hand, there are risks, chiefly an increased 
susceptibility to infection [11, 40]. 


Anti-inflammatory therapy : immunological agents 


New pharmacological agents aimed at blocking the 
mediators of the inflammatory response have been 
tested in the laboratory and clinical trials. Various 
monoclonal antibodies directed against endotoxin or 
cytokines, as well as naturally occurring antagonists 
of cytokine receptors, have been studied. A clear 
synopsis of the status of this complex field has been 
published [3]. Most of the clinical trials thus far 
completed were directed at treating the large group 
of patients with the sepsis syndrome and provided 
few data regarding their effects upon respiratory 
parameters. In one study, a prospectively defined 
analysis of a subgroup of patients with ARDS was 
included [8] and reported no effect of a human anti- 
endotoxin monoclonal antibody on the survival or 
resolution of ARDS. The results of most clinical 
trials of immunotherapy have thus far been disap- 
pointing [3] and no agent aimed at blocking the 
immunological response of septic critically ill pa- 
tients is available. A broader and less selective 
approach to immunotherapy employs the use of anti- 
inflammatory agents that have well known phar- 
macological and safety profiles. One of these agents, 
the cyclo-oxygenase inhibitor ibuprofen, has pro- 
duced encouraging results in a phase II trial of septic 
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patients [6]. A large, multicentre trial of i.v. 
ibuprofen (10 mg kg every 6 h for 48 h) in patients 
with the sepsis syndrome and related ARDS has 
recently been completed [3]. 


SUPPORTIVE THERAPY 


Significant progress has taken place in the past 10 
years in the area of supportive therapy for acute 
respiratory failure. Although these advances have 
not been clearly shown to improve the overall 
survival rate of patients with severe ARDS, we 
believe they have contributed to our ability to care 
for these patients and our knowledge of the 
syndrome. 


A novel approach to mechanical ventilation 


The traditional manner of ventilating patients with 
ALI delivers large tidal volumes (10 to 15 ml kg"), 
minimizes inspired oxygen fraction (FIo,) and main- 
tains normal arterial oxygen and carbon dioxide 
tensions. Significant changes of this practice have 
been proposed based upon increased understanding 
of the traumatic effects of mechanical ventilation on 
the lung [37, 53]. Lung tissue damage from mech- 
anical ventilation was demonstrated early after the 
widespread introduction of positive pressure ven- 
tilation for acute respiratory failure [45], but the 
implication of these early data became clearer 20 
years later, when studies from Europe [15] and the 
USA [56] provided unequivocal evidence of severe 
lung damage produced in normal animals by large 
inflation volumes (volotrauma). A further line of 
research underscored the importance of volotrauma 
by demonstrating that during early ALI the recruit- 
able lung volume is significantly reduced. By imaging 
the lungs of early ARDS patients with high reso- 
lution computed tomography (CT), the parenchyma 
revealed surprisingly inhomogeneous lesions [26, 
38], with areas of consolidation in dependent lung 
regions and areas of normal radiographic density in 
non-dependent regions (fig. 4). By combining tra- 
ditional physiological analysis with CT imaging, 
Gattinoni and colleagues [26] reported that the 
mechanical properties of the lung were similarly 
inhomogeneously distributed: areas of consolidation 
had a significantly reduced compliance whereas lung 
regions that appeared normally aerated had a normal 
compliance. Thus, a tidal volume of 10-15 ml kg” 
may be excessive when the portion of lung paren- 
chyma susceptible to recruitment is only 30 % of the 
total lung mass. 

While the main determinant of volotrauma is the 
lung volume at end inspiration [16], this cannot be 
routinely measured, and airway pressure is com- 
monly employed to estimate the degree of distension 
associated with tidal ventilation. Lung tissue trauma 
may occur if the lung is underinflated and alveoli 
collapse at end expiration: it is also believed that 
cyclic alveolar opening and closing during tidal 
breathing may induce tissue and surfactant damage 
[44]. It seems ideal, therefore, to attempt to in- 
dividually determine the appropriate lung volume at 
which each patient with ALI should be mechanically 
ventilated to produce the least volotrauma. The ideal 
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Figure 4 High resolution computed tomogram of a patient with early acute respiratory distress syndrome. Left: 
supine. Right: prone. Note the inhomogeneous lung opacities, preferentially distributed along a gravitational 
gradient. (Reproduced with permission from Gattinoni and colleagues [25].) 
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Figure 5 Idealized static pressure-volume curves of the 
respiratory system of a subject with normal respiratory 
mechanics (left, compliance = 80 ml cm H,O~') and of a patient 
with acute respiratory distress syndrome (ARDS, right, 
compliance = 30 ml cm H,O). The ARDS curve presents two 
inflection points, the lower occurring at approximately 8 cm 
H,O (suggested level to set PEEP) and the higher occurring at 
approximately 28 cm H,O (suggested maximum end-inspiratory 
plateau pressure). (@) Normal, (O) ARDS. 


ventilatory pattern may be determined by con- 
structing a pressure-volume curve of the respiratory 
system (or the lung when indicated) as previously 
described. A number of studies [17, 19, 26, 44, 49] 
indicate that the static pressure-volume curve of the 
respiratory system during ARDS is sigmoid-shaped, 
with both lower and higher “inflection points” 
denoting the range of pressure and volume at which 
the tidal ventilation should be delivered to minimize 
volotrauma: a PEEP level of 10-15 cm H,O and an 
end-inspiratory plateau pressure of 30 to 35 cm H,O 
are sufficient in most circumstances to avoid both 
alveolar collapse and overstretching. Roupie and 
colleagues [49] obtained static pressure-volume 
curves in patients with and without ARDS. They 
demonstrated that in patients with mild respiratory 
failure the curves were steep and linear, not differing 
from normal compliance curves of the respiratory 
system. In contrast, for patients with ARDS the 
pressure-volume curve was shifted to the right and 
in most cases displayed both low and high “inflection 
points” occurring at approximately 10 and 30 cm 
H,O inspiratory plateau pressure, respectively. Fig- 
ure 5 shows an idealized pressure-volume curve of 
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Figure 6 Nitric oxide (NO)-cyclic guanosine monophosphate 
(cGMP) pathway in the vascular wall, (Reproduced with 
permission from Ichinose and colleagues [32].) 


the lung during ARDS, with a reduced slope and 
two inflection points, and it clearly contrasts with a 
normal compliance curve. 

At times, limiting the peak inflation pressure (and 
thus the end-inspiratory volume) below the high 
inflection point of the pressure-volume curve may 
only be accomplished by markedly reducing the tidal 
volume (e.g. < 6 ml kg™') in which case hypercarbia 
ensues at normal respiratory rates. The growing 
clinical practice of allowing the arterial carbon 
dioxide tension to rise gradually, providing enough 
time for renal compensation of the respiratory 
acidosis by retaining anions, has been given the term 
permissive hypercapnia [19]. Despite widespread 
enthusiasm, there is presently no evidence that this 
style of ventilatory management improves the out- 
come of patients with ALI. 


INHALED NITRIC OXIDE 


Nitric oxide (NO) is a potent endogenous vaso- 
dilator, produced in endothelial cells by cleavage of 
the amino-acid L-arginine by the various isoforms of 
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Effects of inhaled nitric oxide (NO) on acute pulmonary hypertension associated with acute respiratory 


failure. (Reproduced with permission from Frattacci and colleagues (21].) 


NO synthase [42]. Nitric oxide is an unstable free 
radical that accounts for the activity of endothelium- 
derived relaxing factor as well as for other important 
biologic activities [23, 42]. The vasodilator action of 
NO (fig. 6) is mediated through an increase of cGMP 
within the smooth muscle cells of the vascular wall. 
Other cGMP-mediated properties of NO include the 
modulation of neurotransmission, bronchodilatation 
and inhibition of platelet aggregation. When ex- 
ogenous NO gas is inhaled (fig. 7) it produces 
profound local vasodilatation in ventilated regions of 
the lung and reverses the pulmonary vasocon- 
striction due to hypoxaemia (HPV) and other 
vasoconstrictor stimuli [60]. In tissues, NO rapidly 
degrades to nitrates and nitrites with little biological 
activity. When NO diffuses into the blood vessels, it 
combines rapidly with circulating haemoglobin and 
is inactivated. The resulting nitrosyl-haemoglobin 
is oxidized to methaemoglobin. These biological 
properties make NO an ideal agent to produce 
selective pulmonary vasodilatation without inducing 
systemic vasodilatation. Furthermore, producing 
selective vasodilatation of well ventilated areas of the 
pulmonary vasculature improves the matching of 
ventilation to perfusion [47]. Following the earliest 
clinical trials of NO inhalation in patients with 
ARDS [9, 48], a number of centres in the USA and 
Europe have administered NO under investigational 
protocols as part of the treatment of ALI. The 
current status of this innovative therapy can be 
summarized as follows. 

In approximately 70 % of patients with established 
ARDS, when breathing NO the arterial oxygen 
tension increases and pulmonary hypertension de- 
creases by at least 20 % of baseline [36]. This response 
is sufficient to allow a decreased level of ventilatory 
support, reducing either the Fig, or PEEP level. 
ARDS patients most likely to respond favourably are 
those with a high pulmonary vascular resistance [9, 
36]. Very low inhaled NO concentrations are suf- 


ficient to elicit a significant increase of the Pao,: 5 to 
20 parts per million (ppm) [9, 48]. Toxicity is minor 
or unmeasurable at low inspired NO concentrations 
[23]. The effect of NO treatment on outcome is 
unknown, results from large randomized trials of 
NO inhalation in ARDS patients in Europe and 
North America will be available in several years. 


EXTRACORPOREAL TECHNIQUES OF GAS EXCHANGE 


Extracorporeal membrane oxygenation (ECMO) for 
acute respiratory failure was introduced to clinical 
practice about 25 years ago. The concept behind the 
use of ECMO in patients with acute respiratory 
failure is to provide a temporary “substitute” for 
transpulmonary respiration while the severely in- 
jured lungs are allowed to recover. After initial, 
anecdotal reports of positive results, a multicentre 
trial sponsored by the National Institutes of Health 
(NIH) failed to show any advantage of veno~arterial 
ECMO over traditional mechanical ventilation in 
severe ARDS [62]. In the ensuing years, technical 
progress has made the practice of ECMO safer and 
less cumbersome, and several centres throughout the 
world have acquired great skill, reporting excellent 
results. A second NIH-sponsored trial was designed 
to test the effect of a newer mode of extracorporeal 
gas exchange, extracorporeal carbon dioxide removal 
provided via veno—venous perfusion. Unfortunately, 
this trial also failed to show any significant benefit 
over traditional mechanical ventilation [43]. The 
practice of extracorporeal gas exchange in adults 
remains limited to a few, highly specialized centres 
in the USA and Europe. 


Surfactant 


Replacement therapy with lung surfactant has been 
pursued for the treatment of ALI, particularly when 
aspiration pneumonitis is the suspected aetiology. 
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Both natural and synthetic preparations are being 
studied. There is evidence that pulmonary surfactant 
is dysfunctional in animal models of aspiration 
pneumonitis as well as in adults with ALI [28]. 
Despite highly successful use of surfactant therapy 
in newborns with the respiratory distress syndrome 
and evidence for favourable physiological responses 
in animal models, as well as preliminary clinical 
observations [57], there are no clinical trials to 
support the use of surfactant in adults with ALI. 


OTHER EXPERIMENTAL TECHNIQUES 


The intravenous oxygenator (IVOX) is a device 
composed of a bundle of hollow polypropylene 
fibres, inserted percutaneously into the inferior vena 
cava, where venous blood flows over the hollow 
fibres and oxygen and carbon dioxide are exchanged. 
Only preliminary data from the FDA phase II trial 
are available. With the present technology the IVOX 
does not seem to make a significant impact upon gas 
exchange in severe ARDS [30]. 

Partial liquid ventilation requires ventilation of the 
lungs with perfluorocarbon. The high density and 
low surface tension of perfluorocarbon enhances the 
recruitment of dependent lung regions, improves 
ventilation to perfusion matching and favours the 
removal of airways secretions. Only very preliminary 
data regarding safety and suitability of this technique 
in ARDS are available [31]. More encouraging data 
have been reported in a small number of infants and 
children with severe acute respiratory failure treated 
with perfluorocarbon [31]. 


Conclusions 


Acute lung injury of multiple aetiologies may lead to 
a severe form of acute respiratory failure, the acute 
respiratory distress syndrome (ARDS). The mor- 
tality rate of ARDS is very high, despite the scientific 
and technological advances in the care of critically ill 
patients of the past 30 years. Recent data, however, 
suggest that the prognosis of ARDS has improved in 
selected populations, particularly younger patients 
without overwhelming infection. These obser- 
vations, together with our growing knowledge of the 
pathophysiology of acute respiratory failure, should 
encourage investigators and clinicians to continue 
their efforts to better understand and treat acute lung 
injury. Future directions of research and clinical 
activity in this field include: 

(a) Early intervention. Treatment of the under- 
lying aetiology, maintenance of adequate organ 
perfusion and appropriate ventilatory management 
may reduce the incidence of infection and of 
iatrogenic complications and thereby increase sur- 
vival. New experimental approaches such as nitric 
oxide inhalation and permissive hypercapnia 
should be targeted at the earliest stages of acute 
respiratory failure. 

(b) Researching the earliest humoral and cellular 
mechanisms producing the initial acute injury may 
provide clinicians with future therapies to apply 
early in the course of acute respiratory failure. 
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(c) Clinical trials of novel and promising therapies 
should be designed by experienced clinical investi- 
gators. Trials should include adequate numbers of 
patients with ARDS of similar aetiology, include 
multiple institutions and, ideally, they should be 
sponsored by an impartial agency. The next few 
years will be exciting ones for those clinicians and 
investigators who are interested in the treatment of 
ALI and ARDS, because the results of several 
clinical trials will become available. The ibuprofen 
study should soon be published. Two large clinical 
trials of inhaled nitric oxide are under way. A 7-year, 
multicentre programme has been funded by the NIH 
to implement large scale clinical trials of novel 
treatments for ARDS. The first of such studies will 
compare traditional, large-tidal volume ventilation 
with reduced tidal volumes and airway pressures. 
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Sepsis and cytokines: current status 


T. S. BLACKWELL AND J. W. CHRISTMAN 


Sepsis syndrome represents a spectrum of patho- 
physiology that results from an exuberant host 
inflammatory response to a specific inciting event. 
The clinical course of sepsis syndrome ranges from 
mild physiological derangements to severe multiple 
organ dysfunction and death. In the United States, 
the incidence of sepsis syndrome has been estimated 
at 400000 cases annually, with a fatality rate of 
nearly 40 %. The development of sepsis syndrome is 
related to a complex interplay of lipid, protein and 
possibly carbohydrate mediators. Although a large 
variety of mediators have been implicated in the 
development of sepsis syndrome, a rapidly growing 
body of experimental evidence suggests that proteins 
belonging to the cytokine family are decisive factors 
in determining the pathobiology of sepsis syndrome. 
This article reviews recent information which demon- 
strates the role of cytokines in the development of 
sepsis syndrome. Since cytokines play critical roles 
in the initiation and perpetuation of sepsis syndrome, 
we also review interventions which abrogate the 
actions of cytokines and might be effective treatments 
for sepsis syndrome and related disorders. 


Sepsis syndrome 


A consensus conference of the American College of 
Chest Physicians/Society of Critical Care Medicine 
in 1991 proposed standardized terminology to define 
various aspects of sepsis syndrome [2]. These 
definitions stress the concept that the development 
of sepsis syndrome is related to a systemic inflam- 
matory host response to an inciting event. The 
Consensus Conference recommended systemic in- 
flammatory response syndrome (SIRS) as an um- 
brella term. SIRS is recognized by a constellation of 
cardinal signs which include tachypnoea, fever or 
hypothermia, tachycardia and leucocytosis or leuco- 
penia with a “left shifted” differential white blood 
cell count. SIRS can result from either infectious 
or non-infectious conditions. Non-infectious con- 
ditions which are associated with SIRS include 
trauma, burns, haemorrhagic or hypovolaemic shock 
and pancreatitis. Sepsis is defined as SIRS which 
results from infection, which can be bacterial, 
paracystic, protozoan or viral. Although most cases 
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of sepsis are related to Gram-negative infections, full 
blown sepsis can result from Gram-positive in- 
fections. 

The severity of sepsis is proportional to the 
intensity of the host response. Severe sepsis is 
defined as sepsis which is associated with specific or 
multiple organ dysfunction. Septic shock occurs 
when there is systemic hypotension that is associated 
with tissue hypoperfusion and anaerobic metab- 
olism. This simple classification system has been 
shown to predict mortality in a stepwise manner with 
a mortality of SIRS of 7%, sepsis of 16%, severe 
sepsis of 20% and septic shock of 46% [45]. This 
stratification of sepsis syndrome appears to reflect a 
continuum of systemic inflammation with increasing 
inflammation being associated with worsening clini- 
cal severity. 


Cytokine hypothesis 


Cytokines are a group of small signalling proteins 
produced by a large variety of cells that are thought 
to be important for host defence, wound healing and 
other essential host functions. Although cytokines 
are important for these homeostatic functions, 
excessive production and release of cytokines initiate 
widespread tissue injury which can result in organ 
dysfunction. Sepsis syndrome seems to result from 
overwhelming systemic inflammation which is 
caused by excessive release of cytokines into the 
systemic circulation. 

The recent development of precise molecular tools 
for identifying and measuring cytokines has led to 
rapid accumulation of data implicating cytokines in 
the pathobiology of sepsis syndrome. Four cytokines, 
tumour necrosis factor a (TNFa), interleukin 18 
(IL-1), interleukin 6 (IL-6) and interleukin 8 (IL- 
8) have been most strongly associated with sepsis 
syndrome. In human and experimental animal 
models of sepsis, cytokines are released in a sequen- 
tial manner resulting in a “cytokine cascade”. The 
cytokine cascade is initiated when a stimulus such as 
Gram-negative bacterial endotoxin induces pro- 
duction and secretion of early or “proximal” 
cytokines, which include TNFa and IL-1B. TNFa 
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Sepsis and cytokines 


and IL-1B appear to mediate most of the physio- 
logical disturbances which are characteristic of 
sepsis. Infusion of either TNFa or IL-1ß results in 
a sepsis-like state and specific blockers of either 
TNFa or IL-1B abrogate some of the manifestations 
of experimental sepsis. Proximal cytokines, as well as 
endotoxin, stimulate the production of later or 
“distal” cytokines, such as IL-6 and IL-8. Although 
the role of distal cytokines in sepsis is incompletely 
defined, they seem to intensify and perpetuate the 
inflammatory response and might have a role in 
tissue repair. IL-6 is a pleiotrophic mediator whose 
actions include modulation of lymphocyte function, 
activation of coagulation and induction of hepatic 
acute phase protein synthesis. Interestingly, IL-6 
may down-regulate TNFa and IL-1B production, 
which might be important in limiting the inflam- 
matory reaction. IL-8 is a potent activator and 
chemoattractant for polymorphonuclear leucocytes 
and is thought to mediate neutrophilic tissue inflam- 
mation. It is possible that IL-8 mediates neutrophilic 
inflammation in the lungs and other organs and that 
this process leads to tissue damage and organ 
dysfunction. 

Cytokines are not stored in intracellular compart- 
ments and are newly synthesized and released in 
response to inflammatory stimuli. This regulation 
occurs predominantly at the level of gene tran- 
scription with new expression of cytokine mRNA. 
Specific transcription regulating proteins (transcrip- 
tion factors) regulate cytokine gene transcription by 
binding to regulatory portions of cytokine genes, and 
activating or inhibiting transcription. Each cytokine 
has a variety of transcription factor binding domains 
in the promoter region of its gene which interact in 
complex ways to control cytokine gene transcription. 

Much progress has been made in recent years in 
understanding the actions of individual transcription 
factors and unravelling the interactions of these 
factors in regulating transcription of specific genes. 
One transcription factor, nuclear factor KB (NF-«B), 
appears to play a central role in regulating the 
cytokine cascade. NF-«B is activated in many cell 
types by stimuli such as endotoxin, TNFa and IL- 
1B. NF-«B activation and promoter binding are 
crucial for transcription of many cytokines and 
related molecules, including TNFo, IL-1B, IL-6 
and IL-8 [55]. Further characterizing the roles of 
NF-«B and other transcription factors will probably 
lead to better understanding of the process that 
initiates and regulates the cytokine cascade. Since 
NF-«B may be a pivotal point of regulation for the 
cytokine cascade, interventions to inhibit NF-«xB 
activation could down-regulate systemic inflamma- 
tion to a much greater extent than blocking the 
production or action of a single cytokine. 

In addition to activating a pro-inflammatory 
cytokine cascade, inflammatory stimuli activate the 
production of specific cytokine neutralizing mole- 
cules and counter-inflammatory cytokines that can 
modify the host inflammatory response. Cytokine 
neutralizing molecules include soluble cytokine re- 
ceptors and cytokine receptor antagonists. Cyto- 
kine receptors have an extracellular binding domain, 
a hydrophobic membrane anchoring domain and 
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an intracellular signal transducing domain. Soluble 
cytokine receptors result from proteolytic cleavage of 
the extracellular binding domain which can be 
released into the circulation. Soluble cytokine recep- 
tors have been identified for both the p75 and p55 
TNF receptor, the IL-1 receptor and the IL-6 
receptor. Cytokine receptor antagonists are cytokine- 
like molecules that bind to cell surface receptors but 
do not initiate signal transduction. A receptor 
antagonist has been identified only for IL-1 (IL- 
Ira). 

Paradoxically, soluble TNF receptor (sTNFR) 
and JL-lra are released into the circulation in 
10-100-fold excess compared with TNFa and IL- 
1B. Naturally released cytokine antagonists modulate 
the in vitro biological actions of the corresponding 
cytokines, but their function and importance in 
human sepsis are not well understood. In patients 
with sepsis syndrome, prognosis may be determined, 
at least in part, by the balance of cytokines and 
cytokine neutralizing molecules. In patients with 
non-lethal sepsis, both IL-ira and soluble cytokine 
receptors may be shed into the circulation in 
sufficient concentrations to neutralize the quantities 
of cytokines produced. However, the concentrations 
of these inhibitors may be inadequate to prevent the 
deleterious effects of exaggerated pro-inflammatory 
cytokine release which occurs in lethal septic shock. 

Cytokines have synergistic, overlapping and an- 
tagonist effects. Counter-inflammatory cytokines as 
well as pro-inflammatory cytokines are produced 
following activation of the cytokine cascade. One 
counter-inflammatory cytokine, interleukin 10 (IL- 
10), is released into the circulation in human sepsis 
and has been shown to block the production of 
TNFa, IL-1B and IL-8 in vitro. IL-10, like IL-6, 
might have a role in limiting the systemic inflam- 
matory reaction by regulating pro-inflammatory 
cytokine gene expression. The clinical manifestations 
of sepsis syndrome are probably determined by a 
complex interaction between pro-inflammatory cyto- 
kines, counter-inflammatory cytokines and cytokine 
neutralizing molecules. 


Proximal cytokines 
TUMOUR NECROSIS FACTOR & (TNF) 


TNFo is a primary mediator of inflammation, and 
has been implicated in a large number of infectious 
and non-infectious inflammatory diseases [58]. 
TNFa is a 17-kDa protein produced primarily by 
mononuclear phagocytes, which has pleiotrophic 
effects on target cells. Infusion of recombinant 
TNFa into humans results in SIRS with fever, 
haemodynamic abnormalities, leucopenia, elevated 
liver enzymes and coagulopathy [8, 51, 53, 64]. 
TNFa is capable of causing end-organ dysfunction 
which occurs in severe sepsis. In studies using 
chronically awake instrumented sheep, TNFa infu- 
sion caused pulmonary hypertension, hypoxaemia, 
decreased lung compliance and increases in pul- 
monary microvascular permeability [30,71]. In 
human and animal models of sepsis induced by 
injection of bacterial endotoxin, TNF« production is 
quickly activated and can be detected in plasma. 
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Michie and colleagues infused Escherichia coli endo- 
toxin into healthy volunteers and found that TNFa 
concentrations increased significantly and peaked 
1 h after the infusion [39]. Several other studies have 
confirmed the observation that peak concentrations 
of TNFa are detected 60-90 min after endotoxin 
infusion [6, 28, 60]. 

TNFa appears to have a significant role in 
coordinating the inflammatory response and acti- 
vating the cytokine cascade. In vitro, TNFa is a 
potent inducer of other cytokines, including IL + 1, 
IL-6 and IL-8. In baboons injected with E. colt, 
treatment with TNFa antibodies decreased the 
production of IL-1B, IL-6 and IL-8, in addition to 
reducing morbidity and mortality [17, 21, 29, 46, 
63]. 

TNFa can be detected in the plasma of many 
patients with sepsis, and concentrations generally 
correlate with severity of illness and outcome. Endo 
and colleagues [18] showed that TNFa, IL-1B, IL- 
6 and interleukin 2 (IL-2) concentrations in plasma 
were higher in patients with septic shock compared 
with patients with sepsis alone or with other causes 
of shock. Waage and colleagues [70] reported that 10 
of 11 patients who died of meningococcaemia had 
elevated serum TNFa concentrations, while only 
eight of 68 survivors had similar elevations. In 
contrast with these findings, some studies have failed 
to show that initial TNFo concentrations predict 
outcome. For example, Casey, Balk and Bone [7] 
reported that concentrations of TNFa, IL-18, IL-6 
and endotoxin in patients with sepsis were elevated 
compared with patients in an intensive care unit 
without sepsis, but “TNFa concentration did not 
predict mortality independently. In this study, only 
54% of patients with sepsis had detectable plasma 
TNFa concentrations. 

Other studies have suggested that persistently 
elevated plasma TNFa concentrations portend a 
poor prognosis in patients with sepsis. Martin and 
colleagues [36] evaluated plasma concentrations of 
TNFa and IL-6 serially in 30 patients with septic 
shock. All patients had elevated plasma TNFa and 
IL-6 concentrations. Non-survivors had persistently 
higher TNF« concentrations than survivors, but no 
differences were noted in IL-6 concentrations. 
Pinsky and colleagues [43] reported that TNFa and 
IL-6 concentrations were higher in septic than non- 
septic shock, and that persistence of IL-6 and TNFa 
in serum rather than peak concentrations predicted a 
poor outcome in patients with shock. 

Since TNF« can be induced rapidly by endotoxin, 
causes a septic-like state after infusion, can activate 
production of other mediators and is elevated in 
patients with clinical sepsis, it should be considered 
a central mediator of sepsis. Some of the disparity in 
clinical reports regarding the frequency of elevation 
of plasma TNFa in plasma of patients with sepsis 
and the ability of elevated plasma concentrations to 
predict outcome is related to the use of different 
assays (with different sensitivities) to detect TNFa 
concentrations. In addition, there is considerable 
variation in patient populations and timing of plasma 
TNFa measurements in these studies. Given these 
considerations, TNF« concentrations are usually 
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elevated in patients with sepsis compared with other 
critically ill patients and these concentrations are 
higher in patients with septic shock; however, 
persistently elevated TNFa concentrations may be 
better predictors of outcome than single measure- 
ments. 


INTERLEUKIN 1 (IL-1) 


IL-1 is the term used for two related proteins, IL-la 
and IL-18. Both molecules activate the same IL-1 
receptors and therefore share various biological 
activities. IL-1 is synthesized by mononuclear 
phagocytes, polymorphonuclear leucocytes and 
other cell types and affects a wide variety of tissues 
[16]. IL-1 is the predominant form of this mediator 
produced by endotoxin-stimulated human mono- 
cytes and detected in the plasma of septic animals. 
Both IL-lo and IL-1 mimic many of the biological 
activities of TNFa. Infusion of either form of IL-1 
into humans causes fever, haemodynamic abnor- 
malities, anorexia, malaise, arthralgia, headache and 
neutrophilia [16, 56]. IL-1B is increased in humans 
after infusion of endotoxin, although at lower 
concentrations than TNFa [6, 28]. Like TNFa, IL- 
1B activates the production of other cytokines, 
including IL-6, IL-8 and TNFa. Further evidence 
of a primary role of IL-1 in sepsis syndrome is 
provided by studies using IL-lra to block the 
biological activity of exogenous and endogenous IL- 
18 [15]. For example, prior treatment with IL-1ira 
decreased the mortality of rabbits treated with 
endotoxin [42]. In addition, Fischer and colleagues 
[20] reported that IL-lra treatment reduced the 
production of IL-1, IL-6 and IL-8 (but not TNFa), 
and improved survival after E. col: infusion in 
baboons. 

IL-1B is not normally present in human plasma, 
but has been detected in the plasma of patients with 
sepsis. McAllister and colleagues [38] reported 
cytokine measurements from three patients who 
developed sepsis after being transfused with packed 
erythrocytes contaminated with Gram-negative bac- 
teria. These patients had detectable IL-1f that 
peaked by 4h and subsequently returned to normal 
in the two survivors, but remained elevated in the 
non-surviving patient for 22 h. Plasma IL-1B can be 
detected in a minority of patients with sepsis but 
seems to be a measure of the severity of sepsis. Endo 
and colleagues [18] found that plasma IL-1B was 
elevated in only two of 40 patients with sepsis alone, 
but 15 of 22 patients with septic shock had elevated 
IL-1B concentrations. Casey, Balk and Bone [7] 
reported that 37% of patients with sepsis had 
initially detectable plasma concentrations of IL-1B, 
that the mean JL-1B concentration was higher in 
patients with sepsis than critically ill patients without 
sepsis and that the initial IL-1 plasma concentration 
did not predict mortality in patients with sepsis. A 
recent study by Goldie and colleagues [24] detected 
IL-1 in plasma of 29% of 146 patients with severe 
sepsis but no correlation with mortality was found. 
Taken together, the available studies of IL-1B in 
human sepsis show that IL-18 is elevated in plasma 
of some patients with sepsis. Initial plasma IL-1B 
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concentration may correlate with severity of sepsis, 
but no convincing independent association with 
mortality has been found. 


Distal cytokines 
IL-6 


IL-6 is a 21-kDa glycoprotein produced by many 
cell types, including lymphocytes, fibroblasts and 
monocytes. IL-6 has a variety of biological effects, 
including activation of B- and T-lymphocytes, 
induction of acute phase protein production in the 
liver, and modulation of haematopoiesis [4]. In 
addition, IL-6 can activate the coagulation system 
[65] and function as a pyrogen [14]. In vitro, IL-6 
suppresses the production of TNFa and IL-1 [1, 
48]. The exact role of IL-6 in sepsis is uncertain. 
Infusion of IL-6 into experimental animals does not 
result in a sepsis-like state [44]. Xing and colleagues 
[72] transfected the IL-6 gene into rat lung tissue 
and found that expression of IL-6 resulted in lung 
lymphoid hyperplasia and acute phase protein pro- 
duction by the liver, without any other untoward 
effects. 

Experimental injections of endotoxin or bacteria 
result in detectable plasma IL-6, with peak concen- 
trations occurring subsequent to peak TNFa and 
IL-1 concentrations. After i.v. endotoxin injection 
into healthy human volunteers, Kuhns, Alvord and 
Gallin [32] found that plasma TNFa peaked at 
1.5-2h, whereas IL-6 peaked at 4h. In baboons 
treated with sublethal doses of endotoxin or E. colt, 
plasma TNFo concentrations peak at 1-2 h, followed 
by IL-6 at approximately 3 h [11, 68]. In these same 
studies, lethal doses of E. coli caused peak plasma 
concentrations of TNFa at 2-3h and peak IL-18 
concentrations at 3-5h, but IL-6 concentrations 
were still increasing 6-8 h after injection. 

The appearance of plasma IL-6 in sepsis may be 
related directly to TNFa and IL-1 production. In 
mice, IL-1 and TNFa synergize to increase IL-6 
production, and the production of IL-6 after en- 
dotoxin injection can be inhibited by prior treatment 
with anti-TNFo antibodies [52]. In addition, TNFa 
antibodies and IL-lra attenuate IL-6 production in 
bacteraemic baboons [20, 21]. 

Although IL-6 is an integral part of the cytokine 
cascade, its individual role in the pathobiology of 
sepsis is unclear. In experimental animals, IL-6 
blockade has not resulted in consistent benefit. 
Libert and colleagues [33] showed anti-IL-6 anti- 
bodies and antibodies to the IL-6 receptor offered 
some protection against lethal doses of TNFa in 
mice, but this protection could be overcome with 
higher doses of TNFa. In chimpanzees treated with 
endotoxin, monoclonal anti-IL-6 antibodies did not 
affect plasma TNFa concentrations, IL-8 concen- 
trations, neutrophilic leucocytosis or neutrophil 
degranulation [65]. The major effect of anti-IL-6 
antibody treatment in this study was to attenuate 
endotoxin-induced activation of coagulation. 

IL-6 concentrations correlate more closely than 
other cytokines with severity and outcome of human 
sepsis, despite the fact that the role of IL-6 in this 
syndrome is not well defined. Plasma IL-6 may 
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simply be a marker for activation of the cytokine 
cascade, and thus may reflect the association of host 
inflammatory response and disease severity. Hack 
and colleagues [26] reported that 32 of 37 patients 
admitted to an intensive care unit with sepsis had 
elevated IL-6 concentrations. IL-6 concentrations 
were higher in patients with septic shock, and IL-6 
concentrations correlated with mortality. Damas and 
colleagues [12] reported serial measurements of 
TNFa and IL-6 in 40 patients with sepsis. In this 
study, peak serum IL-6 concentrations correlated 
with peak TNFa concentrations, APACHE II 
scores, and increased mortality. Several other studies 
(5, 7, 18, 24, 61] have confirmed this relation be- 
tween IL-6 concentrations and the severity and 
outcome of sepsis. In addition, Moscovitz and 
colleagues [41} reported that in 100 patients admitted 
as emergencies and suspected of having bacteraemia, 
plasma IL-6 concentrations predicted bacteraemia 
and subsequent death from infection. IL-6 plasma 
concentration may also reflect severity of other 
diseases such as alcoholic hepatitis [54]. Based on the 
available information on IL-6 in human disease, 
plasma IL-6 concentration in sepsis appears to be a 
good indicator of activation of the cytokine cascade 
and predicts subsequent organ system dysfunction 
and death. 


IL-8 


IL-8 is a small, basic protein which belongs to the 
chemokine gene family of cytokines. IL-8 is pro- 
duced by mononuclear phagocytes, poly- 
morphonuclear leucocytes, endothelial cells, epi- 
thelial cells and a variety of mesothelial cell types in 
response to various stimuli, including endotoxin, 
IL-1 and TNFa. The primary function of IL-8 is to 
activate and chemoattract neutrophils to sites of 
inflammation. In addition, basophils and T-lympho- 
cytes are attracted by nanomolar concentrations of 
IL-8, and IL-8 has been implicated an angiogenic 
factor [31]. 

When injected intradermally into humans, IL-8 
induces a time-dependent perivascular neutrophil 
influx [62]. I.v. injection of IL-8 into baboons causes 
no haemodynamic abnormalities and no detectable 
production of TNFa, IL-18 or IL-6 [69]. Transient 
granulocytopenia followed by granulocytosis occurs, 
but no significant tissue neutrophilic inflammation 
or injury. In human and primate models of sepsis, 
plasma IL-8 levels are detectable following endoto- 
xaemia, and the kinetics mirror IL-6 plasma concen- 
trations [32,68]. In baboons, plasma IL-8 peaks 
after 2.5-3 h after a sublethal dose of endotoxin, 
whereas TNFa concentrations peak at 1 to 2 h [68]. 
Like IL-6, IL-8 production in sepsis appears to be 
activated by TNFa. Redl and colleagues [46] showed 
that treatment of baboons with anti- TNFa anti- 
bodies before E. coli infusion results in significantly 
decreased plasma IL-8 concentrations. In human 
sepsis, Marty and colleagues [37] and Hack and 
colleagues [27] have reported that plasma IL-8 
concentrations are elevated in patients with sepsis 
and that higher concentrations correlate with mor- 
tality. 
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IL-8 may be important in mediating some of the 
organ dysfunction, including adult respiratory dis- 
tress syndrome (ARDS), that occurs as a conse- 
quence of sepsis syndrome. IL-8 is present in 
bronchoalveolar lavage (BAL) fluid of patients with 
ARDS. BAL IL-8 concentration correlates with 
BAL neutrophil count and increased mortality in 
patients with ARDS [9, 40]. In a rabbit ischaemia- 
reperfusion lung injury model, where tissue injury is 
mediated at least partially by neutrophils (similar to 
ARDS), anti-IL-8 antibodies have been shown to 
have a protective effect [50]. Taken together, these 
data indicate that the function of IL-8 in sepsis is 
likely to be recruitment and activation of neutrophils 
in specific sites which can lead to tissue injury. 


Soluble receptors and receptor antagonists 
SOLUBLE CYTOKINE RECEPTORS 


Soluble cytokine receptors have been described for 
TNFa, IL-1B8 and IL-6. Currently, the greatest 
amount of information regarding soluble cytokine 
receptors in sepsis syndrome examines the role of 
soluble TNFa receptors (s TNFR) [10]. Almost no 
data exist which define the role of the sIL-1R, sIL- 
6R or other soluble receptors in human sepsis 
syndrome. Soluble receptors have been described for 
both the p75 (sTNFR-p75) and p55 TNF (sTNER- 
p55) receptor (also called the type I or type A and 
type II or type B TNFR, respectively). These 
soluble receptors are produced apparently by proteo- 
lytic cleavage of the extracellular binding domain 
of the TNF receptors from the cell surface. Since 
these s TNFR retain the ability to bind TNFa, they 
can modulate the actions of this cytokine. The 
proportion of free TNFa and TNFa bound to 
sTNFR exists in equilibrium and this balance may 
determine the bioactivity of a given TNFa con- 
centration. 

Plasma sTNFR concentrations are present in 
normal humans and are released in excessive 
amounts into the circulation in response to endo- 
toxaemia. In healthy human volunteers, endotoxin 
injection results in a 4-5-fold increase in sTNFR 
concentration by 3h, with peak plasma concen- 
trations 10 times that of TNFa [57]. Van Zee and 
colleagues [67] showed that the kinetics of TNFa 
production and sTNFR shedding are different in 
experimental models of sepsis. In these experiments, 
plasma TNFo concentration peaked 1h after en- 
dotoxin infusion, but plasma sTNFR concentration 
peaked at 3 h. In human sepsis, s TNFR is increased 
and correlates with severity of illness and mortality. 
Ertel and colleagues [19] reported that plasma 
concentrations of both species of sTNFR were 
increased in patients with sepsis and correlated with 
APACHE II score, multiple organ failure score and 
mortality. These findings were supported by Goldie 
and colleagues [24] who found that higher plasma 
sTNFR concentrations predicted mortality in a 
group of patients with severe sepsis. 

The role of sTNFR in sepsis is incompletely 
understood, as is the relation between elevated 
plasma sTNFR and increased mortality. Plasma 
sTNFR concentrations may simply be a marker for 
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the exaggerated inflammatory state and not reflective 
of TNFa/sTNFR ratios in certain tissues or at 
critical times. Alternatively, the TNFo-sTNFR 
complex may serve as a slow release reservoir of 
TNF«, which could perpetuate the inflammatory 
response. 


IL-l RECEPTOR ANTAGONIST (IL-1RA) 


IL-lra was first identified as a 23 kDa protein 
purified from the urine of patients with monocytic 
leukaemia [49]. The amino acid sequence for this 
protein is 26% homologous to IL-1f and 19% 
homologous to JL-1a. IL-lra blocks IL-1 activity 
by competing for binding to type 1 and type 2 IL-1 
receptors without causing signal transduction [16]. 
IL-lra can attenuate endotoxin effects in animal 
models of sepsis [20,42]. In human volunteers, 
plasma JL-lra concentrations are increased after 
endotoxin injection, with peak concentrations at 
3-4 h [32]. In humans with sepsis, [L-1ra is present 
in plasma at markedly higher concentrations than 
IL-1, but its function in this setting is uncertain. 
Gardlund and colleagues [22] reported that 11 of 13 
patients with septic shock had plasma IL-1ra/IL-1B 
ratios > 2000. van Deuren and colleagues [66] found 
significantly higher plasma JL-lra concentrations in 
patients with meningococcaemia and shock than in 
patients with meningococcal meningitis alone. 
Goldie and colleagues [24] reported that plasma IL- 
lra concentrations were elevated in patients with 
severe sepsis, but concentrations did not correlate 
with outcome in this group of patients. 


Counter-inflammatory cytokines 
IL-10 


In addition to pro-inflammatory cytokines, cytokines 
with predominantly counter-infiammatory actions 
have been identified. IL-10 was first described as a 
product of TH2 lymphocytes that inhibits cytokine 
production by activated macrophages. In vitro, IL- 
10 can inhibit production of TNF«, IL-1, IL-6 and 
IL-8 [35]. Gerard and colleagues [23] showed that 
treatment of mice with IL-10 before endotoxin could 
prevent endotoxin-induced mortality and diminish 
plasma TNFa release. Additionally, Rogy and 
colleagues [47] demonstrated that transfecting mice 
with the human IL-10 gene resulted in transgene 
expression in the animals, and that these animals 
were protected from lethal doses of endotoxin. 
Finally, treatment of mice with anti-IL-10 anti- 
bodies has been shown to increase endotoxin- 
induced TNFa release and worsen mortality [35]. 

Recent human studies have shown that IL-10 is 
detectable in plasma of patients with sepsis [13, 25, 
34,66]. van Deuren and colleagues [66] found 
significantly higher plasma IL-10 concentrations in 
patients with septic shock compared with patients 
without shock. This finding was corroborated by 
Marchant and colleagues [34], who reported that 
higher IL-10 concentrations were present in patients 
with septic shock than in patients with sepsis alone. 
The importance of IL-10 in human sepsis is 
currently uncertain. 
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Anticytokine treatment strategies 


With increasing evidence that activation of the 
cytokine cascade is of critical importance in deter- 
mining the pathobiology of sepsis, there has been 
increasing enthusiasm for treatments to interrupt 
this cascade. Current human trials utilizing anti- 
cytokine treatments for sepsis have been reviewed 
recently by Suffredini [59]. Three anticytokine 
treatment strategies have been evaluated in humans 
with sepsis: (1) blocking endotoxin effects with 
polyclonal or monoclonal endotoxin antibodies, (2) 
blocking TNFa effects with anti-TNFa antibodies 
or with TNF receptor constructs, and (3) blocking 
the actions of IL-1 with IL-Ira. 

To date, human trials of anticytokine therapy have 
been relatively disappointing with regard to identi- 
fying treatments to improve survival in sepsis. The 
reason for this lack of efficacy is unclear. Certainly 
the timing and dose of these interventions may be 
critical, since these treatments affect proximal steps 
in the cytokine cascade. Once the cascade is acti- 
vated, interventions to decrease proximal cytokine 
actions may be insufficient to improve outcome 
significantly. In addition, cytokines have redundant 
and overlapping functions so that blocking the 
production or action of single cytokines may not 
affect outcome. Finally, blocking cytokine produc- 
tion may inhibit host defence functions that are 
critical for recovery from sepsis. There may be a 
balance between excessive inflammation which 
causes tissue injury and inadequate inflammatory 
response which compromises host defence functions. 

Therapies designed to modulate activation of the 
cytokine cascade are certainly attractive and may 
eventually prove beneficial in sepsis. A better 
approach than current treatment strategies may be to 
modulate the cytokine cascade by targeting elements 
that control production of both proximal and distal 
cytokines, such as the transcription factor NK-«B. 
Counter-inflammatory molecules such as IL-10 may 
also be capable of globally modifying the cytokine 
cascade. Regardless of the therapeutic approach, 
future studies for the treatment of sepsis should be 
conducted as prospective, randomized placebo- 
controlled, multi-centre clinical trials [3]. These 
trials will require close cooperation between basic 
scientists, clinicians and pharmaceutical companies. 


Summary 


Sepsis is a constellation of clinical signs and 
symptoms resulting from excessive systemic host 
inflammatory response to infection. This inflam- 
matory response is largely mediated by cytokines, 
which are released into the systemic circulation. 
Plasma concentrations of specific cytokines, TNFa, 
IL-1B, IL-6 and IL-8 are frequently elevated in 
human sepsis and cytokine concentrations correlate 
with severity and outcome of sepsis. In addition to 
pro-inflammatory cytokines, soluble cytokine recep- 
tors, cytokine receptor antagonists and counter- 
inflammatory cytokines are also produced in large 
quantities in patients with sepsis; however, the 
specific role of these molecules in sepsis remains 
undefined. A complex interaction of cytokines and 
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cytokine-neutralizing molecules probably deter- 
mines the clinical presentation and course of sepsis. 
Intervening in this sequence of events to modify the 
host inflammatory responses may prove to be a 
beneficial treatment strategy for sepsis, but currently 
tested anticytokine therapies have been largely 
unsuccessful. 
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Nosocomial infections are common in critically ill 
patients and frequently lead to multiple organ failure 
and death. Such patients may be vulnerable to 
infection because of deficiency in immune function 
brought about by severe illness [32, 54, 66]. Re- 
quirement for prolonged ventilation is associated 
with the development of nosocomial pneumonias 
and sepsis, and the development of weakness and 
wasting of skeletal and respiratory muscles is a major 
cause of prolonged weaning from ventilatory support 
despite resolution of the underlying condition [15]. 
It is now recognized that nutritional support has a 
crucial role in maintaining immunological function 
and in the prevention of muscle wasting during 
critical illness. Failure to address the issues of muscle 
wasting and weakness in critical illness leads to 
delays in mobilization and prolongation of time to 
recovery [14, 15]. 

In this article we review recent work which has 
highlighted the potential importance of the route of 
administration, the use of specific nutrient substrates 
and the use of adjuncts to nutrition such as anabolic 
hormones in maintaining or augmenting immuno- 
logical function and preventing muscle catabolism in 
critically ill patients. Nutritional support is a vital 
component of all preventive therapies available for 
multiple organ failure in critical illness. 


Weight loss and wasting in critical illness 


Despite good evidence that nutritional support in 
certain circumstances leads to reductions in mor- 
bidity and mortality [82], increased utilization of 
nutritional support has unfortunately led to little 
change in the rapid development of muscle wasting 
and consequent weakness associated with critical 
illness. This is important because it has been shown 
that the degree of weight loss occurring during acute 
illness is correlated with mortality [20]. Cachexia in 
critical illness may be explained by the combined 
effects of malnutrition, immobilization and the 
hypercatabolic state which occurs after stress, trauma 
and sepsis. Many patients in the intensive care unit 
(ICU) are malnourished on admission because of 
anorexia as the result of illness or fasting in 
preparation for surgery and this may be exacerbated 
by delays in commencing nutritional support after 
ICU admission. 


(Br. J. Anaesth. 1996; 77: 118-127) 
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Even hyperalimentation, however, fails to reverse 
muscle wasting and negative nitrogen balance during 
critical illness because the metabolic responses to 
uncomplicated starvation and to stress, trauma and 
sepsis are quite different. In starvation there is a fall 
in basal metabolic rate, resting energy expenditure 
and tissue oxygen consumption. Hepatic glycogen 
stores are sufficient for 24h of glycogenolysis and 
after this a decrease in insulin secretion and increase 
in glucagon results in lipolysis and hepatic gluco- 
neogenesis. There is then an adaptive phase during 
which gluconeogenesis falls and ketosis increases, 
with Ketone bodies becoming the fuel for otherwise 
glucose-dependent tissues. In uncomplicated star- 
vation, therefore, lean body mass is generally 
preserved until late, fat breakdown being the chief 
source of calories. The administration of sufficient 
nutrition will thus convert the starved catabolic 
patient to an anabolic state. 

After stress, trauma or sepsis, however, the 
hypermetabolic state seen is distinct from that which 
follows simple starvation and in particular the 
adaptation to fat metabolism does not occur. There 
is a significant increase in caloric requirements, 
with increases in basal metabolic rate and tissue 
oxygen consumption and consequent negative energy 
balance. The circulating concentrations of many 
hormones (for example catecholamines, glucagon, 
cortisol and growth hormone) and cytokines are 
increased leading to rapid glycogenolysis, increased 
hepatic gluconeogenesis and a reduction in lipolysis. 
The ability to use glucose and fat is impaired and 
consequently there is an increased dependency on 
muscle breakdown for fuel. There is weight loss and 
muscle wasting which leads to an increased loss of 
nitrogen in the urine. Most of this nitrogen loss 
originates from muscle proteins because of increases 
in both whole body protein breakdown and synthesis 
[75, 80], with breakdown predominating over syn- 
thesis [3]. Weight loss of 30% was common in burns 
patients before the introduction of routine nutri- 
tional support [94]. In sepsis proteolysis can cause 
nitrogen losses of up to 30 g (represents as much 
as 800g muscle mass [52]) per day. Reversal of 
muscle wasting and negative nitrogen balance in 
these patients requires control of the effectors of 
hypermetabolism together with adequate nutritional 
support. Muscle loss is not prevented by hyperali- 
mentation, however, this leading instead to hepatic 
steatosis, abnormal liver function and excess carbon 
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dioxide production which some authors believe may 
be detrimental to weaning from ventilatory support 
[24]. Over the past 20 years the energy intake 
prescribed to critically ill patients receiving par- 
enteral nutrition has fallen, and it appears that the 
energy requirements of these patients are in fact 
similar to those of normal healthy subjects [24]. 
Energy requirements during critical illness have 
been overestimated in the past because measure- 
ments of resting energy expenditure were made at 
times of peak hypermetabolism and then extrapo- 
lated to longer periods, the effect of infused nutrients 
at time of measurement was not considered, and 
corrections for pyrexia were made inappropriately 
[23]. The lower energy requirements of these 
patients still reflect hypermetabolism, however, but 
this is balanced by the effects of reduced physical 
activity. It has now become clear that it is the quality 
rather than the quantity of nutrients provided that is 
of most importance in preventing muscle loss and 
supporting essential body systems such as the 
immune system during critical illness. In particular, 
the amino acid glutamine has been recognized to be 
of importance to muscles, the gut and to the immune 
system. 


Nutritional assessment 


A number of variables can be measured to assess a 
patient’s nutritional status. These include serum 
concentrations of albumin and transferrin, the 
triceps skinfold thickness and the cutaneous re- 
sponses to recall antigens [27]. In practice, however, 
these measurements are relatively insensitive when 
used for individual patients, and malnourished 
patients are generally accurately identifiable on the 
basis of a subjective clinical assessment [20]. 

Although it is possible to estimate energy require- 
ments using standard equations such as the Harris- 
Benedict equation or by indirect calorimetry, these 
measurements are rarely required in the clinical 
setting. The majority of ICU patients require 25-30 
kcal kg“! day"!. Energy intake greater than this may 
result in complications associated with overfeeding, 
except in certain situations such as after severe burns, 
where greater quantities may be required. Protein 
requirements for catabolic patients are 1.2-2.0 g kg"! 
day! if renal function is normal. Additional sup- 
plementation does not result in increased protein 
synthesis and may contribute to uraemia. Protein 
dose may need alteration in light of changes in renal 
and hepatic function, as many catabolic patients are 
unable to utilize administered nutrients efficiently 
until they are in a recovery phase. A non-protein 
calorie to nitrogen ratio of between 100:1 and 150:1 
must be administered to permit utilization of the 
protein load for protein synthesis. For patients 
requiring parenteral feeding it is recommended that 
dextrose should provide 70-80% of non-protein 
energy and lipid the rest, despite the concerns about 
the immunosuppressive effects of lipid emulsions 
discussed below [43, 73]. 

Many critically ill patients require fluid restriction 
as a therapeutic approach, but will often be given 
large fluid volumes including antibiotics, vaso- 
pressors and other drug infusions. One of the 
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problems encountered in administering nutritional 
support during critical illness is allowing adequate 
volume to deliver sufficient quantities of energy and 
protein. In many cases a balance has to be accepted 
between the desired nutritional intake and the 
volume space available. 


Route of nutrition in critical illness: enteral 
vs parenteral 


Along with the move away from hyperalimentation 
in critical illness, there has been a change in emphasis 
from parenteral to enteral administration of nutri- 
ents. This has been driven by increased under- 
standing of the pathology of nosocomial infections in 
the critically ill and the role of the gut in their 
development. Infection is the most common cause of 
mortality in critically ill patients irrespective of the 
underlying cause of their critical illness. The de- 
velopment of nosocomial pneumonia is associated 
with a mortality exceeding 30% [57]. Interest has 
centred on the gut as a reservoir of bacteria and 
endotoxin which may be the cause of nosocomial 
infections and sepsis syndrome [59]. Tracheal and 
nasogastric intubation, the use of H,-receptor an- 
tagonists as stress ulcer prophylaxis and the cessation 
of enteral nutrition all predispose to bacterial 
overgrowth in the upper gastrointestinal tract. It has 
been demonstrated that bacteria can be isolated from 
the stomach of critically ill patients some days before 
their appearance in the tracheal aspirate [5]. Further- 
more, gut mucosal atrophy occurs in the absence of 
enteral feeding because enterocytes normally obtain 
some of their nutrients directly from the intestinal 
lumen. Mucosal atrophy may allow translocation of 
bacteria or endotoxin to the portal circulation. 
Translocation of bacteria and endotoxin has been 
shown to occur in animal models of critical iliness 
[96], but has as yet not been convincingly demon- 
strated to occur in humans. Circumstantial evidence 
in support of translocation occurring in humans is 
provided by the demonstration of increased gut 
permeability after trauma [50], burns [100] and in 
critical illness [34, 37], and the finding of significant 
amounts of endotoxin present in the peritoneal 
cavity and bacteria present within organ specimens 
from organ donors without intra-abdominal injuries 
[90]. Interestingly, 95 % of the organ donors in this 
latter study received no feeding. The use of total 
parenteral nutrition (TPN) is also associated with 
atrophy of gut-associated lymphoid tissue (GALT) 
[51]. The translocation of bacteria into the circu- 
lation may stimulate macrophages to release cyto- 
kines which generate the hypermetabolic response 
seen in sepsis, and may be responsible for producing 
hypoxia and multiple organ failure [12]. 

In addition to these concerns about the in- 
advisability of substituting TPN for enteral feeds 
has come evidence that TPN itself has deleterious 
immunological effects. TPN appears to accentuate 
the metabolic response to stress, trauma and sepsis 
by increased pro-inflammatory cytokine and stress 
hormone release, by the effects of hyperglycaemia 
and by a specific immunosuppressive effect of lipid 
emulsions [73]. Omega-6 polyunsaturated fatty acids 


120 


(PUFAs) are the form found in Intralipid used in 
TPN and may have significant immunosuppressive 
effects, mainly through stimulation of production of 
prostaglandin E,. Prostaglandin E, has a direct 

suppressant effect on delayed cell-mediated im- 
` munity, suppresses complement synthesis, increases 
the generation of superoxide radicals and increases 
suppressor T-cell activity. In addition, omega-6 
PUFAs cause increased production of thromboxane 
A, which results in vasoconstriction and thrombosis 
[1]. TPN also depresses pulmonary macrophage 
function [81], and depresses local and systemic 
immune responses to intraperitoneal infection [28, 
43]. The use of TPN has been shown to increase the 
incidence of intra-abdominal abscesses and septic 
complications after pancreatic resection for ma- 
lignancy [8], and to increase mortality three-fold in 
burns patients [38]. In the clinical situation, how- 
ever, it is likely that the major adverse immunological 
effect of TPN is due to the cessation of enteral 
feeding with the consequent development of mucosal 
atrophy and bacterial overgrowth. 

Animal studies have demonstrated that continuous 
tube feeding started immediately after burn injury 
reduces the post-burn hypermetabolic response, and 
prevents the gut mucosal atrophy seen in a com- 
parative delayed enteral feeding group [64]. Enteral 
feeding resulted in fewer septic complications in 
high-risk surgical patients [65] and after abdominal 
trauma [47]. Enteral nutrition has been shown to 
prevent bacterial and endotoxin translocation in 
experimental animal models [96], and a recent study 
in humans has demonstrated a significant decrease in 
gut mucosal permeability occurring in critically ill 
patients receiving glutamine supplemented enteral 
nutrition when compared with a group receiving 
standard TPN [34]. 

In addition to providing the mucosa with essential 
nutrients and preventing the development of muco- 
sal atrophy, the provision of enteral nutrition may 
also increase gut blood flow. Reduction of oxygen 
and nutrient delivery to the gut mucosa because of 
microcirculatory disturbances is thought to be 
common in sepsis, and may also play a part in the 
breakdown of the mucosal barrier to bacteria and 
endotoxins. Enteral feeding has been shown to 
ameliorate the decrease in splanchnic blood flow 
associated with the institution of positive end- 
expiratory pressure ventilation for acute lung injury 
[74]. This effect may occur even with only small 
volumes of feed. Enteral feeding also results in 
improved hepatic synthesis of albumin compared 
with parenteral nutrition [19]. 

For a significant benefit to be seen from the use of 
enteral rather than parenteral feeding the enteral 
feed must be started as soon as possible after the 
insult. No difference in infectious complications 
were seen in head injury patients begun on enteral 
feeds 5 to 7 days after injury when compared with a 
group who were given early TPN; however, if the 
enteral feed was commenced within 3 days of the 
injury infectious complications were significantly 
reduced [48]. It is now generally accepted that 
enteral feeding can be started almost immediately 
after operation even in patients undergoing ab- 
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dominal surgery, and in critically ill patients who are 
sedated, paralysed and ventilated on the ICU. Gastric 
stasis may be a problem, but this can be overcome by 
the use of prokinetic agents, nasojejunal tubes or 
feeding enterostomies. 

It is often not possible to achieve comparable 
energy delivery by the enteral route to that which 
can be obtained by TPN; however, although TPN 
guarantees a certain nutrient delivery utilization may 
be incomplete. TPN will be required in those 
patients in whom enteral feeding is contraindicated 
or fails because of malabsorption, ileus or intractable 
diarrhoea. Supplemental parenteral nutrition may be 
needed when it is not possible to provide adequate 
energy enterally. It is likely, however, that if even 
small amounts of nutrients can be given enterally 
this will help maintain mucosal integrity, prevent 
bacterial overgrowth and help maintain splanchnic 
blood flow. 

There is much interest in alterations in the 
composition of TPN solutions in an attempt to 
ameliorate some of the adverse effects associated 
with their use. Glutamine is a non-essential amino 
acid with poor stability in solution so is not normally 
included in parenteral feeds. However, in times of 
physiological stress blood glutamine concentrations 
decrease and the amino acid may become ‘“‘con- 
ditionally essential”. Glutamine is an important 
nutrient for enterocytes, and parenteral nutrition 
containing glutamine has been shown to maintain 
intestinal barrier function in patients with infl- 
ammatory bowel disease [89], and maintain intestinal 
absorptive capacity in a small group of critically ill 
patients [88]. There is as yet no clinical evidence that 
glutamine-supplemented TPN reduces morbidity 
and mortality caused by infection in critical illness 
however. The molecular mechanism underlying the 
beneficial effect of glutamine on gut mucosa is not 
known, but glutamine has been shown to augment 
heat shock protein messenger RNA and protein 
expression in rat enteric crypt cells after injury in 
vitro [22]. Heat shock proteins are stress-response 
genes that protect cells from various injuries. 
Escherichia coli sepsis in rats causes selective damage 
to enteric crypt cells, and the morphological abnor- 
malities seen can be partially prevented by parenteral 
administration of glutamine [95]. In health, gut 
mucosal cells derive glutamine from luminal contents 
[84]. If enteral nutrition is better than TPN because 
of its effects on the gut, and addition of glutamine to 
TPN offsets some of its deleterious effects on the 
gut, it is tempting to extrapolate this to recommend 
the inclusion of glutamine in enteral nutrition for 
critically ill patients. There are as yet, however, no 
published studies demonstrating increased efficacy 
of glutamine-enriched enteral nutrition over stan- 
dard formulas in reducing infectious complications 
in the heterogeneous intensive care population. 


Preventing muscle loss 


GLUTAMINE 


Protein loss from muscle during critical illness may 
occur in response to depletion of plasma amino acids 
(increased demand), or alternatively increased 
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muscle protein turnover may be stimulated by 
circulating mediators (hormones or cytokines). The 
loss of muscle protein may have short-term advant- 
ages such as providing substrate for the manufacture 
of acute phase proteins and fuel for more essential 
body processes. This may include provision of amino 
acids such as glutamine for protein synthesis within 
the cells of the immune system and intestine, for 
repair processes and for hepatic gluconeogenesis. 
However, consequential plasma glutamine depletion 
may be central to the failure of traditional nutritional 
regimes to reverse muscle catabolism in critical 
illness. Glutamine constitutes 60% of free intra- 
cellular amino acids in skeletal muscle [77]. It is the 
most important carrier of ammonia from the per- 
ipheral tissues to the splanchnic area, and serves as 
an oxidation fuel during cell division [83]. It is also 
a donor of nitrogen for DNA and RNA synthesis and 
hence is essential for the proliferation of cells [79]. 
Glutamine is the principal metabolic fuel of gut 
mucosal cells [61, 85], lymphocytes and monocytes 
[2, 7]. Glutamine also has important roles in gen- 
eration of ammonia by the kidney and in gluconeo- 
genesis in the liver. Lung, adipose tissue and the 
liver are all sources of glutamine, but skeletal muscle 
is thought to be the major site of glutamine storage, 
synthesis and release. Animal and human studies 
have demonstrated a net flux of glutamine from 
peripheral to splanchnic tissue with increased hepatic 
and intestinal uptake after operative stress or in 
sepsis [21, 83]. In illness glutamine requirements 
increase markedly [4], and utilization may exceed 
endogenous production. 

If adequate dietary glutamine is not provided net 
catabolism of skeletal muscle will occur to supply the 
requirements of glutamine-dependent tissue. Plasma 
and muscle glutamine concentrations decrease in 
catabolic states [4, 70, 77]. In patients with sepsis, 
depleted muscle glutamine was associated with 
increased concentrations of glutamine precursors 
[77]. It is therefore suggested that muscle glutamine 
depletion in illness may be due to both reduced 
intracellular synthesis and increased efflux to supply 
glutamine dependent tissues. A positive correlation 
between glutamine concentration and rate of protein 
synthesis has been demonstrated in perfused rat 
skeletal muscle [41, 55], and protein breakdown was 
inhibited by glutamine in the same model [55]. Re- 
cent studies in humans have suggested that addition 
of glutamine to nutritional regimes may restore 
depleted plasma and muscle concentrations and 
improve nitrogen balance in patients with sepsis [77], 
after bone marrow transplant [101] and after surgery 
[86]. In addition, the reduction in muscle protein 
synthesis seen after operation (as assessed by ri- 
bosome analysis) was counteracted [36]. Tradition- 
ally, glutamine has not been included in parenteral 
or enteral feeds for critically ill patients because of 
difficulties with solubility and stability. Heat steril- 
ization causes glutamine to break down to ammonia 
and pyroglutamic acid. Recent work has demon- 
strated that degradation is minimized with cold 
sterilization; however, solubility problems persist. 
Glutamine in parenteral nutrition requires large 
volumes which may not be practical for use in 
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critically ill patients. This problem may eventually 
be overcome by the use of glutamine dipeptides 
which are soluble in smaller volumes. Until these 
issues are resolved the addition of glutamine to 
parenteral nutrition remains essentially a subject for 
further research. 

There are available, however, proprietary prepar- 
ations of enteral feeds containing glutamine. Un- 
fortunately, there is little work yet published on 
the efficacy of glutamine-enriched nutrition in heter- 
ogeneous groups of critically ill patients. Preliminary 
results from a randomized study of glutamine- 
enriched parenteral nutrition in critical illness have 
been reported [33]. Plasma glutamine concentrations 
taken before feeding were significantly depressed in 
both study and control groups in comparison with 
normal volunteers. Glutamine-enriched feeding 
(TPN including 25 g glutamine a day) resulted in 
partial restoration of plasma concentrations towards 
normal on day 5, significantly different from the 
control group. Muscle glutamine concentrations 
were severely depressed in all patients undergoing 
muscle biopsies before feeding; however, 5 days of 
glutamine-enriched feeding did not affect muscle 
glutamine concentrations when compared with the 
control feeding group. There is still some debate as 
to the optimum daily amount of glutamine needed to 
maintain plasma and muscle concentrations during 
critical illness. Most workers have used 25 g a day, 
however, Zeigler has reported a series of dose- 
response studies conducted to evaluate the clinical 
safety, efficacy and metabolic effect of glutamine- 
enriched feeding in humans [98]. Glutamine was 
administered orally and parenterally in two doses 
(0.285 g kg"! day! (approximately 20 g day~) and at 
0.57 g kg"! day"! (approximately 40 g day)) to nor- 
mal volunteers and to patients after bone marrow 
transplant (parenteral only). In the patient study 
plasma glutamine decreased from pretreatment 
concentrations in both control and low-dose glu- 
tamine groups over the first 2 weeks, whereas plasma 
glutamine increased in the high dose group. Muscle 
glutamine was not studied; however, nitrogen re- 
tention was enhanced in the high dose group, there 
being no difference between the low dose group and 
control group. It may be that a higher dose of 
glutamine is required to restore plasma and muscle 
glutamine concentrations in the critically ill, and the 
results of further studies are awaited. 

It is interesting to note that normally little dietary 
glutamine reaches the circulation as a substantial 
amount is utilized by intestinal cells. Consequently, 
although there are theoretical reasons to believe that 
glutamine-enriched enteral nutrition may be the 
optimum nutritional regime to protect the gut in 
critical illness, it may not be possible to deliver 
sufficient glutamine via the enteral route to obtain 
beneficial effects on muscle catabolism or immune 
function. 


OTHER NUTRIENTS AND GROWTH FACTORS 


Some other amino acids which, in certain situations 
may become essential, are also deficient or absent 
from parenteral nutrition solutions because of their 
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poor stability. These include cysteine and tyrosine. 
In some patients with liver disease, the hepatic 
conversion of phenylalanine to tyrosine and meth- 
ionine to cysteine is inadequate, and unless sufficient 
cysteine and tyrosine are included in the nutritional 
regime wasting of lean tissue will occur [78]. 

The availability of human anabolic hormones 
synthesized by recombinant techniques has raised 
interest in their use in the amelioration or prevention 
of muscle catabolism during critical illness. It has 
been postulated that derangement of the growth 
hormone/insulin-like growth factor 1 (IGF-1) axis 
may partly explain muscle loss and negative nitrogen 
balance in critical illness. Growth hormone has both 
direct fuel regulating effects (lipolysis and insulin 
antagonism) and indirect growth promoting actions 
(anabolism) which influence amino acid uptake and 
protein synthesis. Its anabolic actions are mediated 
through IGF-1, which is secreted principally by cells 
of the liver under the control of growth hormone, 
although synthesis may occur in many other tissues. 
Critically ill patients are relatively resistant to growth 
hormone, and circulating concentrations of IGF-1 
are reduced despite increased basal secretion of 
growth hormone [76]. Studies of the therapeutic use 
of growth hormone in seriously ill humans have 
mainly involved those with burns [102], although 
recently there have been reports of the use of growth 
hormone after surgery [62,63], sepsis [91] and 
pancreatitis [99]. These studies confirm that a 
positive nitrogen balance can be promoted, even in 
the presence of hypocaloric nutrition [42, 58]. After 
operation protein synthesis is stimulated in patients, 
along with an increase in the concentration of free 
glutamine in muscle [35, 53]. It is possible that the 
effect of growth hormone therapy on muscle protein 
synthesis is related to preservation of muscle free 
glutamine concentrations [55]. It is unclear whether 
the preservation of muscle glutamine is due to 
decreased efflux from muscle, increased synthesis in 
muscle or repletion of the plasma pool by increased 
hepatic or pulmonary release of glutamine [93]. 
Growth hormone may also have direct effects on 
immunological function. In a study of daily s.c. 
injections of growth hormone (GH) after elective 
cholecystectomy fewer septic complications were 
reported in the GH group in comparison with 
placebo-treated controls [63]. Growth hormone 
administration to critically ill patients does not 
appear to be associated with any significant adverse 
effects, and a multicentre trial of its use in critical 
illness is currently in progress. IGF-1 has also been 
administered to patients after operation and to 
critically ill patients without adverse effects, but as 
yet there is insufficient information on its use 
therapeutically in these groups. 


Nutrition and the immune system 


It has long been recognized that immune function is 
depressed in seriously ill patients [32, 54, 66]. The 
metabolic response to stress, trauma and sepsis is 
closely interrelated with the immunological changes 
seen after such events. Consequently it has been 
proposed that nutritional support would be likely to 
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improve host defence mechanisms and reduce mor- 
bidity. It appears, however, that unless there is 
severe protein-calorie malnutrition the provision of 
traditional nutritional support has little effect on 
immune function. Patients receiving TPN are, in 
fact, probably more likely to suffer infectious 
complications [9] for the reasons we have outlined 
above. Enteral feeding may be beneficial when 
compared with the parenteral route in preserving 
immune competence, but recently interest has also 
centred on the use of specific nutrients which may 
confer unique immunological benefits. These 
nutrients include glutamine, arginine, RNA, omega- 
3 fatty acids and trace metals such as zinc. 


GLUTAMINE AND IMMUNONUTRITION 


The net flux of glutamine from peripheral to 
splanchnic tissue seen after operative stress and in 
sepsis in animal and human studies [21, 83] is thought 
to occur at least in part in response to increased 
demand from immunological tissue. Glutamine is 
utilized at a high rate by lymphocytes [2] and 
macrophages [67], both as an oxidative fuel and 
to provide intermediates for synthesis of purine 
and pyramidine nucleotides which are essential 
for DNA and RNA synthesis [46]. Lymphocyte and 
macrophage proliferation depend upon glutamine 
concentration in culture media [2, 71, 87]. Differ- 
entiation of both B- and T-cells cultured in vitro [16] 
and the appearance of interleukins 1 and 2 [10] in cell 
culture have been shown to be glutamine dependent, 
as have antibody production and macrophage phago- 
cytic capacity [92]. It appears that the rate of 
utilization of glutamine by these cells depends upon 
the external concentration of glutamine. It is poss- 
ible, therefore, that some of the immune dysfunction 
seen after stress, trauma and sepsis is due to 
glutamine deficiency. Increased lymphocyte pro- 
liferation and increased macrophage activity have 
been reported after glutamine feeding in septic rats 
[49, 95], and in humans glutamine-enriched TPN 
appeared to maintain immune function after bone 
marrow transplant in that there was a reduction in 
incidence of infectious episodes and shorter stay in 
hospital [101]. There are, as yet, no published 
studies addressing the effect of glutamine-enriched 
feedings on immune function during critical illness 
in humans. Gottschlich and colleagues administered 
glutamine enterally in varying concentrations to 
patients for 4 weeks after burn injury and failed to 
demonstrate any positive benefits; however, the total 
daily intake of glutamine was not stated [30]. As we 
have already noted, however, it may not be possible 
to provide sufficient glutamine by the enteral route 
to increase plasma concentrations and thus to 
produce specific changes in immune function during 
critical illness. 


ARGININE, OMEGA-3 FATTY ACIDS AND RNA 


Animal studies have supported the use of nutritional 
supplements such as arginine, omega-3 PUFAs and 
RNA to boost immune responsiveness after surgery 
or trauma. There is no published work evaluating 
the effect of nutrition supplemented with any of 
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these substances alone on infectious morbidity or 
mortality in patients; however, they are marketed 
together commercially in an enteral feed (Impact, 
Sandoz Nutrition, Bern, Switzerland) which has 
been evaluated in postoperative patients. Arginine is 
an essential amino acid during growth, and may 
become essential in catabolic states. Supplementary 
dietary arginine has been shown to have useful effects 
on cellular immunity in laboratory animal studies, 
resulting in increased thymic size, enhanced lympho- 
cyte proliferation to mitogen and alloantigen, 
augmented macrophage and natural killer cell lysis of 
tumour targets and increased lymphocyte interleukin 
2 production and receptor activity [45]. Arginine is 
the precursor for nitric oxide which is now recognized 
to be a ubiquitous cellular messenger with important 
immune functions. Rats fed an arginine-enriched diet 
survived longer after an intraperitoneal bacterial 
challenge than control animals [69], and arginine- 
enriched TPN improved survival in rats after caecal 
ligation and puncture [56]. In postoperative cancer 
patients, diet supplemented with arginine resulted in 
recovery to baseline levels of the proliferative 
response of lymphocytes to concanavalin A and 
phytohaemagglutinin by day 4, and increased 
responses by day 7. Patients fed a glycine- 
supplemented diet showed no such recovery of 
response [17]. Of interest, patients receiving arginine 
supplemented feeding also had increased IGF-1 
concentration and improved nitrogen balance. No 
differences in infection rates or outcome between 
groups were seen in this study, however. 

Prostaglandin E, (PGE) is thought to be an 
important factor in the generalized immuno- 
suppression which follows major injury. Leucocyte 
function is suppressed by PGE, in culture [29], and 
high concentrations of PGE, are found in the serum 
of burns patients [68]. When PGE, production is 
blocked by administration of indomethacin after 
major surgery there is restoration of the immune 
response and decreased opportunistic infections [25]. 
Omega-3 and omega-6 PUFAs are essential dietary 
constituents as they are the sole precursors of 
eicosanoid metabolites, which include prosta- 
glandins, lipoxins, thromboxanes and leukotrienes. 
If the diet is rich in omega-3 PUFAs there is 
suppression in the production of a number of dienoic 
eicosanoid metabolites with increased production of 
trienoic metabolites which have lower biological 
potency. Of particular importance, PGE, is replaced 
by PGE, TXA, by TXA, and PGI, by PGL. 
Enteral feeds rich in omega-3 PUFAs lead to 
suppression of PGE, production, an action which is 
probably as effective as pharmacological admin- 
istration of cyclo-oxygenase inhibitors such as indo- 
methacin. 

Guineapigs recovering from burn injury fed an 
enteral diet rich in omega-3 PUFAs showed im- 
proved immune and metabolic function [1]. 
Improved survival was seen in guineapigs after 
exposure to endotoxin challenge [60] and in rats after 
intra-abdominal implant of a faecal agar pellet [6] 
who were fed with omega-3 PUFAs commencing 
before the insult. In burns patients omega-3 PUFAs 
improved survival, reduced infectious complications 
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and diminished immunosuppression secondary to 
blood transfusion [31]. Some other animal studies 
have failed to show an advantage of omega-3 PUFAs 
in sepsis, however, especially when treatment is 
started after the insult [39]. Blocking the production 
of PGE, may not always be desirable as the precise 
role of PGE, in the immune response after major 
insult has not been fully defined. In the early stages 
after trauma or sepsis PGE, may actually have 
advantageous immunomodulatory effects, perhaps 
through suppression of the release of other cytokines 
such as tumour necrosis factor (TNF). After these 
first stages of injury or infection there is at least some 
evidence that a reduction in PGE, levels may reduce 
immunosuppression [72]. There may also be some 
disadvantages to the use of omega-3 PUFAs. In 
addition to reducing PGE, activity, TXA, activity is 
also reduced. This eicosanoid is of importance in the 
maintenance of vascular tone and in platelet ag- 
gregation. PGI, which is produced rather than PGL, 
however, has similar biological potency and is both 
an important inhibitor of platelet aggregation and a 
vasodilator. 

Theoretically, therefore, a diet high in omega-3 
PUFAs may predispose to vasodilatation and pro- 
longed bleeding times. Indeed, Greenland eskimos, 
whose diet is high in fish oils rich in omega-3 PUFAs 
do have a prolonged bleeding time [72]. The risk of 
platelet dysfunction remains a concern despite there 
being no demonstrable increase in bleeding times in 
critically ill patients given omega-3 PUFA diets. 
Those studies addressing the issue however have 
only included small numbers of patients. A more 
serious concern associated with the use of omega-3 
PUFAs is the recognition that diets high in PUFAs 
can lead to generation of lipid peroxides and 
consumption of the natural free-radical scavenger, 
vitamin E. Free radicals and lipid peroxides produce 
cellular and tissue damage, which raises the possi- 
bility that the administration of omega-3 PUFAs 
may exacerbate the pathological processes associated 
with the development of multiple organ failure. It is 
not known whether these concerns are valid in 
clinical use, or whether any potential increase in lipid 
peroxide stress could be prevented by concomitant 
vitamin E administration. 

Dietary RNA may be necessary to maintain 
normal immune function. Nucleotides increase pro- 
tein synthesis, and are involved in the regulation of 
several T-cell-mediated immune responses [11]. In 
an animal model, administration of RNA sig- 
nificantly improved host immune responsiveness 
and host survival to a septic challenge whereas a diet 
free of nucleotides resulted in decreased interleukin 
2 production, decreased cell-mediated immunity, 
decreased allograft rejection and reduced resistance 
to infection [26]. Heyland, Cook and Guyatt, 
however, in a review of the evidence from all 
published studies concluded that there is as yet little 
evidence to support the use of dietary RNA sup- 
plementation to prevent infectious complications in 
critically ill patients [39]. Impact, the commercially 
available enteral feed supplemented with RNA, 
arginine and omega-3 PUFAs together has been 
evaluated in postoperative surgical patients. Ni- 
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trogen balance was greater, lymphocyte responsive- 
ness restored, and infectious and wound compli- 
cations reduced (11% vs 37%) in patients given 
Impact when compared with a group receiving a 
standard diet after surgery for upper gastrointestinal 
malignancy; however, the Impact group received a 
higher daily nitrogen intake [18]. Mean length of 
hospital stay was also reduced for patients in the 
supplemented group (16 vs 20 days). In another 
study involving post-surgical patients receiving 
Impact vs an isonitrogenous control diet, T- 
lymphocyte counts, B-lymphocyte indices, mean 
immunoglobulin M and G concentrations and mean 
interferon-gamma after phytohaemagglutinin stimu- 
lation were higher in the supplemented group [44]. 
Cerra and colleagues randomized critically ill trauma 
patients to Impact or a standard feed and demon- 
strated greater immune cell proliferative responses in 
vitro [13]. There were no differences in infections or 
mortality; however, the sample size was small. In a 
much larger group of critically ill patients Bower, 
Lavin and LiCari failed to demonstrate a reduction 
in the overall number of infections in the Impact- 
treated group, although the number of urinary tract 
infections was reduced [7]. Length of stay in the 
ICU was significantly shorter in those patients 
receiving Impact. Impact appears, therefore, to have 
some immunological advantages over standard feeds; 
however, further controlled trials of its use in 
critically ill patients are needed. 


OTHER ‘IMMUNONUTRIENTS’ 


Zinc has an important role in the maintenance of 
immune function, in promotion of wound healing 
and in maintenance of intestinal mucosal integrity. 
Zinc deficiency is associated with reduced concen- 
trations of IGF-1 and reduced rates of protein 
synthesis [40]. In certain conditions, zinc deficiency 
is particularly likely. These include severe burns, 
pancreatitis and patients with excessive loss of 
gastrointestinal fluid. Urinary excretion of zinc 
increases with the degree of catabolic stress. Sup- 
plemental zinc therapy is recommended during 
critical illness, guided by regular monitoring of 
serum zinc concentrations [97]. 

Some workers have recommended the use of 
branched chain amino acids or increased doses of 
antioxidants such as vitamins E and C. There is no 
work available at present supporting these inter- 
ventions in critically ill patients [39]. 


Conclusion 


The potential importance of nutritional manipu- 
lation in the prevention and management of multiple 
organ failure occurring as a complication of critical 
illness is increasingly recognized. Despite much 
evidence from studies in animal models of sepsis, 
shock and organ failure, there is as yet little direct 
evidence in patients with critical illness to support 
the therapies currently advocated by some workers. 
Indirect evidence of efficacy is present for some 
nutritional manipulations from studies in elective 
surgical patients. The relevance of studies in animal 
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models and in elective patients to patients with 
critical illness is unclear, however, and large rando- 
mized controlled trials are needed before definite 
pronouncements can be made. 

From the evidence that is available can any 
conclusions be drawn? The enteral rather than 
parenteral route should be chosen for nutritional 
delivery in critical illness when possible. The use of 
enteral nutrition appears to be associated with a 
reduced incidence of sepsis and likelihood of devel- 
oping multiple organ failure. At present, there is 
fairly convincing evidence that glutamine deficiency 
is a significant problem in critical illness. Addition of 
glutamine to parenteral nutrition solutions may 
ameliorate or even prevent the deleterious effects of 
glutamine deficiency on the gut, the immune system 
and on muscles. Addition of glutamine to TPN may 
offset some of the disadvantages demonstrated to be 
associated with the use of TPN. The efficacy of 
glutamine-enriched enteral feeding is less clear, 
however, and unfortunately only enteral glutamine- 
enriched feeds are widely available commercially. 
The enteral feed Impact, which contains arginine, 
omega-3 PUFAs and RNA appears to have useful 
effects on immunocompetence in elective surgical 
patients, and it is tempting to extrapolate these to the 
critically ill. The potential adverse effects of in- 
creased lipid peroxide generation in patients with 
multiple organ failure given omega~3 PUFAs is of 
concern, however, and the results of formal trials 
should be awaited before PUFA-enriched feeds are 
used routinely in the ICU. 

There is much exciting work to be done in the field 
of nutrition and immunonutrition in critical illness, 
and it is likely that future improvements in intensive 
care outcomes will depend at least in part upon 
choice of nutrients and their route of supply. 
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Pre-emptive analgesia with NSAID—what 
does it achieve? 


Sir,—-We wish to comment on the study of Espinet and colleagues 
[1] who investigated the combined effect of thoracic extradural 
local anaesthetic block and administration of diclofenac either 
30 min before or 30 min after skin incision on post-hysterectomy 
pain and analgesic consumption. They found that the timing of 
analgesia made no difference to pain scores or postoperative 
analgesic requirements, that is there was no pre-emptive effect of 
diclofenac and extradural local anaesthesia. They discussed these 
findings in relation to the known actions of non-steroidal anti- 
inflammatory drugs (NSAID) in inhibiting peripheral sensitiza- 
tion of the primary afferent nerve terminal and so reducing 
afferent barrage from the periphery. This afferent barrage 
contributes to central sensitization in the spinal cord and the 
degree of central sensitization is said to relate to subsequent pain 
experience and analgesia [2]. The authors comment that the lack 
of pre-emptive analgesia in their study is at variance with that seen 
in animal studies using similar paradigms. 

While their study was designed carefully to exclude the 
confounding effects of systemic opioids, nitrous oxide and local 
anaesthetic test doses, the lack of pre-emptive analgesic effect 
reported in this study may be explained by central actions of 
NSAID. In addition, not all types of injury are sensitive to pre- 
emptive treatment, and under certain circumstances central local 
anaesthetic block may not prevent the subsequent development 
of hyperalgesia. These possibilities are discussed below. 

It is now well established that prostaglandins contribute not 
only to peripheral but also to central sensitization, and that 
NSAID act at central and peripheral sites [3]. In experimental 
models of central sensitization, intrathecal administration of 
NSAID results in antinociception [4,5], and critically, their 
central action is equally effective whether administered before or 
after the noxious stimulus. This is because they act on intracellular 
messengers responsible for the maintenance of the persistent 
nociceptive state in the spinal cord [6]. In humans, systemically 
administered diclofenac crosses the blood-brain barrier and CSF 
concentrations may continue to increase for 12h after a single 
dose [7]. Therefore, in the study of Espinet and colleagues [1], a 
central spinal action of diclofenac, reducing central sensitization 
with equal efficacy either before or after incision, could potentially 
have obscured any pre-emptive action of extradural bupivacaine. 
A recent study using pre-emptive vs post-injury ketorolac did 
show a small initial opioid sparing effect. However, ketorolac may 
cross the blood-brain barrier to only a minimal extent and so 
inhibition of peripheral afferent discharge may not have been 
obscured by the central actions of the NSAID in this study [8]. 

Animal studies also show that pre-emptive analgesia may not be 
effective in all types of injury; Dougherty, Garrison and Carlton 
[9] have reported that pre-emptive topical administration of 
lignocaine to the sciatic nerve could ameliorate the development of 
hyperalgesia in a loose ligation model of nerve injury (a model that 
shows a marked response to a number of pre-emptive analgesic 
techniques) [10]. However, Dougherty, Garrison and Carlton [9] 
also reported that lignocaine showed no pre-emptive effect in a 
partial transection injury of the sciatic nerve. If different types of 
injury are differentially sensitive to pre-emptive local anaesthesia, 
the implications are that some aspects of surgical trauma may not 
be sensitive to pre-emptive local anaesthetic block. Therefore, 
differences in operation type and operative technique may 
contribute to the different outcomes in clinical studies of pre- 
emptive local anaesthesia. 

Furthermore, the route of pre-emptive local anaesthetic admin- 
istration may influence the development of post-injury hyper- 
algesia. For example, Tverskoy and colleagues [11] reported that 
spinal anaesthesia with bupivacaine was less effective than local 
infiltration of bupivacaine in reducing late postoperative wound 
pain after hernia repair. This is a surprising finding in the light of 
the common perception among anaesthesists that spinal an- 
aesthesia is more reliable and complete than local infiltration. One 
initial suggestion given to explain these findings was that topical 
local anaesthesia may have had an anti-inflammatory effect at the 


site of the wound [12]. Alternatively, Luo and Wiesenfeld-Hallin 
have recently reported [13] that while intrathecal local anaesthetic 
initially produces profound block of sensory transmission, as the 
local anaesthetic wears off, a paradoxical state of spinal hyper- 
excitability ensues. This may completely mask any previous 
benefit. More importantly, no subsequent long-term behavioural 
benefit could be shown from pre-emptive intrathecal lignocaine, 
even compared with animals which received no intrathecal 
lignocaine (although in contrast, topical local anaesthetic to the 
sciatic nerve has previously been shown to be beneficial with this 
same nerve injury model [14]). The authors also pointed out that 
the marked clinical benefit shown by Bach, Noreng and Tjellen in 
their well known study [15] in amputees was achieved using a 
combination of extradural local anaesthetic and opioid. 
Pre-emptive analgesia as a concept has essentially been assumed. 
to relate to inhibition of the afferent barrage, especially the initial 
“injury discharge” associated with the primary event such as 
nerve injury. As has been emphasized previously [16], the injury 
discharge may outlast the treatment and so obscure the benefit 
implied by some animal studies. Furthermore the following 
factors: (i) giving drugs that act not only on injury discharge but 
also on the substrate of the central sensitized state, such as 
NSAID;; (ii) the differential sensitivity of different types of nerve 
injury to pre-emptive analgesia; and (iii) the recent experimental 
evidence that intrathecal local anaesthetic alone may have little 
benefit in terms of reducing subsequent central sensitization; all 
help to explain some of the disappointing findings in clinical 
studies of pre-emptive analgesia but conversely these same 
observations will help in the design of better regimens to prevent 
pain. 
M. J. HUDSPITH 
R. MUNGLANI 
University Department of Anaesthesia 
Addenbrooke’s Hospital 
Cambridge 
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Sir,—Thank you for the opportunity to reply to Hudspith and 
Munglani. On the whole we concur with their comments. The 
complexity of pain production and the number of mechanisms 
involved make it difficult to block or reduce the nociceptive input. 
This almost certainly accounts for the lack of a useful pre-emptive 
analgesic effect in the clinical setting. It is unlikely that one single 
analgesic method will be sufficient and we should look towards a 
multi-modal approach to pain relief/reduction. In a small part 
this is what we tried to achieve in our study. Further research into 


this field is needed. 
L. M. M. Morrison 
K. A. FACCENDA 
West Lothian NHS Trust 
St John’s Hospital at Howden 
Livingston 


Cytokine balance and immunosuppressive 
changes at cardiac surgery 


Sir—The study of McBride and colleagues contains much useful 
information on the immunological changes associated with surgery 
[1], but omitted several important aspects. We would welcome the 
authors’ comments on the following points. 

The authors mention briefly that beta adrenoceptor blocking 
drugs may alter the pro-inflammatory cytokine response, but the 
possible effect of other cardiac drugs is not considered. Could 
calcium channel antagonists also have changed the cytokine 
response? It has been shown in an animal model that admin- 
istration of calcium antagonists, either before or after endotoxin 
administration, exerted a protective effect and decreased mortality 
[2,3]. Some cytokines exert their effects by increasing free 
intracellular calcium, especially IL-4, which is one of the principal 
cytokines in TH2 lymphocyte development [4]. A decrease in 
intracellular calcium concentration after calcium channel block 
may decrease amplification of the initial cytokine signal by 
interfering with the IP;-calcium—calmodulin pathway. In con- 
trast, it has recently been shown that diltiazem enhanced 
production of cytokines and maintained immune function after 
haemorrhage [5]. It seems that cations, and Ca** in particular, 
may have important intracellular influences on immune function, 
and therefore any comparisons between McBride’s in vivo and in 
vitro cytokine changes must be interpreted with great caution. 


In describing the activation of TH2 cells and the increase in IL- . 


10 as key events in an anti-inflammatory response to cardiac 
surgery, the authors failed to mention that the principal 
immunological fault after major surgery and trauma is impaired 
production of TH1 cytokines (interferon gamma, IL-2). These 
cytokines are crucial for the development of TH1 lymphocytes, 
which are largely responsible for cell-mediated immunity [6, 7]. 
Development of TH2 lymphocytes is dependent on the early 
production of IL-4 (TH2 cytokine) in conjunction with down- 
regulation of interferon gamma and IL-2 [6, 8]. Whether TH2 
lymphocyte activity is favoured when TH1 lymphocyte pro- 
duction is suppressed is unclear, but no increase in IL-2 or IL-4 
was found during or after cardiopulmonary bypass [9]. 

The statement that oxpentifylline induces TH2 activity is 
misleading [10]. This phosphodiesterase inhibitor increases 
intracellular cAMP concentration which stimulates PGE, syn- 


129 


thesis, resulting in impaired IL-2 synthesis and abnormal TH1 
development. Because IL-4 synthesis is not affected, TH2 activity 
is unaffected. Therefore, preferential TH2 development occurs as 
a result of inhibition of TH1 lymphocytes [10]. Indeed, failure of 
IL-2 production is considered to be a major factor in the impaired 
cell-mediated responses after surgery and trauma [11, 12]. 

It is clear that there are many factors involved in the 
immunosuppression after cardiac surgery and the changes in IL- 
10, IL-lra and sTNF alpha observed by the authors only play a 
part. 

P. SHEERAN 

G. M. HALL 
Department of Anaesthesia 
St George’s Hospital Medical School 
London 
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Sir,—Sheeran and Hall sought to highlight the potential immuno- 
modulatory effects of calcium antagonists at cardiac surgery. 
Their comments suggest that calcium antagonists may have 
influenced the cytokine response. 

We have since investigated the balance of pro- and anti- 
inflammatory cytokines in plasma and bronchoalveolar lavage of 
children undergoing surgery for congenital heart disease. None of 
these children received preoperative calcium antagonists. Never- 
theless, their cytokine response was similar to that observed in 
adults, with a phased anti-inflammatory response developing, 
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beginning with IL-10, 10 min after aortic cross-clamp release and 
followed by IL-lra and the TNF soluble receptors over the next 
24h. In the absence of calcium antagonists these children were 
able to mount a phased anti-inflammatory response [1]. The 
existence of a phased anti-inflammatory cytokine response cannot 
therefore be attributed to the presence of calcium antagonists. 

It is not yet known what factors if any influence the magnitude 
of the phased anti-inflammatory cytokine response and what 
clinical significance variations in magnitude of this phased anti- 
inflammatory cytokine response may have. Our group is actively 
investigating this, and it is indeed possible that calcium antagon- 
ists (including volatile anaesthetic agents) may influence the 
magnitude of this response. 

The cytokine response in patients and the isolated CPB system 
differed in that there was no increase in anti-inflammatory 
cytokines in vitro. [2]. Because of the known effects of Ca?* on 
immune function, Sheeran and Hall advise “great caution” in 
comparison of the cytokine response within patients and the 
isolated CPB circuits. Cautious comparison of the two systems 
indicates that the major difference between patients and the 
isolated CPB circuits is not the absence of calcium antagonists 
but rather the fact that within the isolated CPB circuit blood does 
not have an opportunity to escape from the activating non- 
endothelialized surface of the CPB apparatus and enter the 
vasculature of the patient. We believe that this is vital to any 
interpretation of these differences. 

Sheeran and Hall described impaired production of TH1 
cytokines as “the principal immunological fault” at major surgery 
and claimed that we failed to mention in our discussion such an 
“immunological fault”. There is nothing new in describing the 
immune response at cardiac surgery as “‘ being at fault”. For years 
authors have concentrated on the pro-inflammatory response and 
immunosuppression at cardiac surgery as two aspects of dis- 
ordered immunological homeostasis. Sheeran and Hall have 
simply gone further than most in speculating on the “‘principal” 
of these so called “immunological faults ”. 

We recommend a fresh approach to investigating immuno- 
logical change at cardiac surgery. We believe that an alternative 
and helpful way to investigate the immune changes at elective 
cardiac surgery is to view the immune changes therein as a model 
of a successful and indeed appropriate response. Most patients for 
elective coronary artery bypass grafting (CABG) surgery now go 
home 5 or 6 days later. Surely this is an example of outstanding 
immunological success! Let clinical outcome be the arbiter as to 
which aspects of the immune response at cardiac surgery are at 
fault. 

The cardiac surgical patient with good clinical outcome presents 
an excellent model for study of a successful immune response. We 
have been the first to highlight the phased anti-inflammatory 
response as a possible contributor to this success. Other workers 
have later described an IL-10 response after cardiac surgery [3]. 
We have never suggested that the phased anti-inflammatory 
response which we have described is limited to IL-10, IL-ira and 
TNF soluble receptors. In fact it is likely that IL-4, TGF-B and 
indeed other as yet undiscovered anti-inflammatory cytokines 
may play an important role in the success of our patients. 

Only when the ingredients of a successful immune response 
such as occurs at cardiac surgery are understood shall we 
understand when the immune response is “at fault”. We believe 
that it is important to know when the immune response is at fault. 
This information will only come through comparing the profiles 
of the immune response of cardiac patients who do well with those 
who (rarely) go on to develop the systemic inflammatory response 
syndrome (SIRS) or indeed infective complications such as 
mediastinitis. This knowledge may then enable us to devise 
effective strategies in the prevention and early treatment of SIRS 
in the context of major trauma and non-cardiac surgery. We may 
even be able to predict those patients at risk of developing severe 
infective complications. 

Sheeran and Hall pointed out that our statement that oxpenti- 
fylline induces TH2 activity is misleading. We thank them for this 
and highlighting that the preferential TH2 development after 
oxpentifylline treatment is an indirect result of inhibition of TH1 
development by the drug. 

Immunomodulation in the treatment of SIRS in the ICU has 
been largely unsuccessful. An air of despondency has descended 
upon the literature [4]. This may be because we have been too 
quick to modulate the immune response without fully under- 
standing what is an appropriate response to trauma and sepsis. 
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Perhaps it is time to re-evaluate the cardiac surgical patient as a 
model of success and then re-design our immunomodulatory 
strategies accordingly. W. T. MCBRIDE 


Duke University Medical Center 
Durham, NC, USA 
M. A. ARMSTRONG 
Department of Microbiology and Immunobiology 
Queen’s University of Belfast 
Belfast 
T. J. MCMURRAY 
Royal Victoria Hospital 
Belfast 


1. McBride WT, Armstrong MA, Gilliland H, McMurray TJ. 
The balance of pro and anti-inflammatory cytokines in plasma 
and broncho-alveolar lavage at paediatric cardiac surgery. 
Cytokine 1996 (in press). 

2. McBride WT, Armstrong MA, Crockard AD, McMurray TJ, 
Rea JM. Cytokine balance and immunosuppressive changes at 
cardiac surgery: contrasting response between patients and 
isolated CPB circuits. British Journal of Anaesthesia 1995; 75: 
724-733. 

3. Wan S, Marchant A, DeSmet J-M, Antoine M, Zhang H, 
Vachiery J-L, Goldman M, Vincent J-L, LeClerc J-L. Human 
cytokine responses to cardiac transplantation and coronary 
artery bypass grafting. Journal of Thoracic and Cardiovascular 
Surgery 1996; 111: 469-477. 

4. Petros AJ, Marshall JC, Van Saene HKF. Should morbidity 
replace mortality as an endpoint for clinical trials in intensive 
cere? Lancet 1995; 345: 369-371. 


Perioperative changes in -acid glycoprotein 
concentrations 


Sir,—Booker, Taylor and Saba [1] suggested that preoperative 
measurement of a,-acid glycoprotein (AAG) concentration should 
be performed in all infants undergoing major elective surgery who 
are expected to receive prolonged bupivacaine infusions in the 
postoperative period. This is based on concern thet bupivacaine 
toxicity may be related to low plasma concentrations of the drug 
binding protein. Unfortunately, this concern is, in turn, based on 
several dubious premises: (1) that plasma protein binding of drugs 
may have significant pharmacodynamic implications; (2) that 
changes in protein binding are important clinically for drugs 
which are highly bound, such as bupivacaine; and (3) that if 
variations occur in plasma concentrations of AAG, then free 
plasma concentrations of the drug can vary considerably, 
whereas the total concentration of the drug in plasma is only 
slightly affected. To explain these misconceptions is a long 
story—I refer the authors to a few recent publications [2, 3]. 
Premise (3) is the incorrect way round; if the fraction of 
bupivacaine bound in plasma changes as a result of a change in 
AAG concentration, classical pharmacokinetic theory predicts 
that, in the case of a low hepatic extraction drug such as 
bupivacaine, total plasma drug concentration varies but the 
unbound drug concentration does not. As it is the latter which 
determines pharmacological effect at steady state, there would be 
no clinical consequence of a change in AAG concentration. 
Therefore, on this basis, measurement of this protein would be a 
waste of time and resources. One caveat applies to this conclusion, 
if AAG concentration decreases in proportion to the degree of 
hepatic dysfunction, then its measurement may be an indirect 
predictor of the ability of the liver to clear free bupivacaine by 
metabolism. However, such an association would be independent 
of the degree of plasma drug binding. G. T. TUCKER 
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CBF in adults using near infrared 
spectroscopy (NIRS): potential for bedside 
measurement? 


Sir,—We read with interest the article by Owen-Reece and 
colleagues [i] and suggest that the findings on correct scaling of 
NIRS cerebral tissue measurements warrant further discussion. 

Comparison between scalp and dural recordings in patients 
allowed conclusions to be made regarding the percentage of the 
illuminated tissue volume which was cerebral. Measurement of 
cerebral blood flow (CBF) with the optodes on the dura compared 
well with values obtained by invasive techniques, but CBF was 
underestimated by a factor of 3 with the optodes positioned on the 
scalp. This can be explained by the cerebral tissues contributing 
only 30-40 % to the total pathlength. Scalp and skull have been 
shown to have low blood flow and act as static “‘deadspace” [2]. 
The chromophore concentration changes detected by NIRS are 
mostly cerebral, but they must be seen and expressed as 
concentration changes occurring in the total illuminated tissue 
volume, 60-70% of which is extracerebral in the adult. In a rat 
model [3] and in neonates [4] it has been postulated that the 
extracerebral component is less than 20% of the total optical 
pathlength and this has been accepted as a minor limitation in 
these measurements. Previous studies by Elwell and co-workers in 
adults have alluded to the problem of the relatively small 
component that the cerebral tissue contributes to the total optical 
pathlength, but none the less they achieved results for cerebral 
blood flow comparable with invasive techniques despite using 
scalp recording [2]. The small cerebral component of the total 
interrogated volume has major implications for the clinical use of 
such a system as a small alteration in the cerebral tissue volume 
has a large effect on the proportions of cerebral and extracerebral 
tissue in the total illuminated tissue volume and thereby has a 
major effect on measurements of changes in chromophore 
concentration. The proportion of cerebral tissue may vary between 
subjects or even within a subject because of changes in 
optode/scalp coupling or pathological changes, for example in 
cerebral oedema when the proportion of brain in the illuminated 
tissue volume may increase as the brain is forced against the skull. 
In these circumstances, is the instrument measuring quantified 
changes in chromophore concentrations occurring in the brain? 

It is not specified that figure 1 is a dural recording, but using the 
values shown to make an estimate of cerebral blood volume this is 
likely to be the case. If this is e dural recording, the same re- 
saturation event performed with the optodes placed on the scalp 
would cause a corresponding change in [HbO,] over the initial 4 s 
of only 0.6 umol litre! This value would be of a similar 
magnitude to the baseline variability of the trace. 

Desaturation to 95 % is unlikely to prove harmful and has been 
used in neonatal intensive care practice. However, many patients 
in whom measurement of CBF would be particularly useful are 
likely to be at risk from secondary brain injury, for example head- 
injured patients, We have reservations concerning the clinical 
acceptance of a desaturation method in this population. 

The potential of NIRS to measure cerebral blood flow remains 
an exciting possibility, but we would question whether a 
desaturation/resaturation technique in combination with a scalp 
recording will ever be satisfactory for this purpose in adults. 
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volume in human infants by near-infrared spectroscopy. 
Journal of Applied Physiology 1990; 68: 1086-1091. 


Sir,—It is true that we have quoted higher values for cerebral 
blood flow (CBF) elsewhere [1]. These were obtained with a 
different flow analysis method which is described more fully in 
that article. Briefly, accumulation of tracer in the brain is biphasic, 
with a fast and slow component. Thus in that study, CBF was 
59 ml 100 g™! min“ in the first 1.5 s with a second peak of 11 ml 
100 g`! min“ at 15-38. These values are similar to those 
measured by PET. 

We decided not to use this type of analysis for our study [2] for 
two reasons. First, high and low CBF components are not widely 
used clinically (and are not, in any case, provided by xenon 
washout and the Kety—Schmidt method). Second, such treatment 
may confuse a simple “before and after” comparison. We 
therefore used a single average value calculated over the first 4 s of 
tracer arrival which is compared more easily with mean CBF 
measured by other techniques. 

We believe that NIRS is able to quantify changes in brain 
chromophore concentration but these changes must be observed 
through the “‘deadspace” of the non-cerebral tissues. It is true 
that at present we have difficulty in making allowances for this 
when subsequently handling the data. However, recent computer 
modelling shows that the cerebral sulci have little effect on the 
proportion of cerebral tissue illuminated and also that when the 
optodes are pressed firmly against the scalp, skin blood flow has 
negligible influence [Delpy D. T., personal communication]. As 
stated in our article, it is necessary to determine the contribution 
of extracerebral tissue to the total optical pathlength before 
further progress is made. Similar modelling work, which we hope 
will assist in quantifying the effects of extracerebral tissue on near 
infrared spectroscopic measurements, is also in progress at UCL 
Department of Medical Physics and Bioengineering. 

The authors are correct in interpreting figure 1 as a dural 
recording and we apologize that this was not made clear. As they 
imply, the signal-to-noise ratio is a significant problem in 
Measurements made via the scalp and more scalp measurements 
were rejected than those from dura. 

Desaturation-resaturation is unlikely to be harmful for the 
reasons outlined in the article. However, we agree that it may be 
preferable to avoid the technique in brain-injured patients. There 
is a range of cerebral haemodynamic variables which can be 
observed using NIRS which do not affect arterial oxygen 
saturation, for example cerebral blood flow measurement using 
indocyanine green as a tracer, spontaneous cerebral blood volume 
changes, cerebral vascular response to altered Pago, and mean 
cerebral saturation. 

In view of the progress being made in dealing with the scaling 
problems of scalp recording and the scope for other cerebral 
measurements which can be made non-invasively with NIRS, we 
agree with Hopton, Walsh and Lee that the potential of the 
technique is exciting. There is a great deal of work still to be done 
before it is suitable for widespread clinical use. 
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Hypercoagulability induced by crystalloids 


Sir,—The in vitro study by Ruttmann, James and Viljoen [1] in 
which dilution of blood with saline and Haemaccel was shown to 
render it hypercoagulable, is fascinating reading. Their results not 
only challenge intuitive assumptions but also have possible 
implications for our clinical practice and, perhaps more im- 
portantly, call into question the methodology of studies designed 
to assess the effect of regional anaesthesia on the development of 
postoperative thromboembolic disease (TED). 

The authors cite the tn vive study of Janvrin, Davies and 
Greenhalgh [2] in which patients given crystalloid in the 
perioperative period (“‘wet” group) had a higher incidence of 
deep vein thrombosis (DVT) than those who received none 
(“dry” group). While this is of course no criticism of Ruttmann, 
James and Viljoen, it is worth pointing out that this frequently 
cited study involved only 60 patients and its power was in the 
region of 0.65 [3]. 

However, the results of the in vitro work of Ruttmann, James 
and Viljoen are compelling, and notwithstanding the above 
criticism, if the in vivo effect is real then this may present a case 
for the use of the hydroxyethyl! starches (HES) where there is a 
risk of TED, and where plasma volume expansion is required. 
This colloid, rather than promoting coagulation, prevents it by 
inducing a mild and transient type-I von Willebrand-like 
syndrome [4]. 

Over the years, several studies have demonstrated to varying 
degrees the effect of extradural and spinal anaesthesia on the 
reduction in postoperative thromboembolic disease compared 
with general anaesthesia. The proposed mechanisms whereby this 
is effected include reduced blood loss and transfusion require- 
ments, reduced stress response and its concomitant procoagulant 
effect, improved lower extremity blood flow, and reduction in 
plasminogen activator inhibitor-1 (PAI-1) in those receiving 
regional anaesthesia [5-7]. In none of these studies was admin- 
istration of crystalloid and colloid considered to exert any specific 
effect on coagulation. Only administration of blood was standard- 
ized between the groups. In most reports, the design of the study 
ensured that haemodynamic variables were controlled tightly and 
this usually implied that those receiving extradural or spinal 
anaesthesia were preloaded with up to 15 ml kg of lactated 
Ringer’s solution and required ongoing plasma volume expansion 
with this and similar solutions throughout the case and into the 
postoperative period to achieve “target”? haemodynamic values 
(although the actual volumes were not recorded). 

Again, if the procoagulant effect of crystalloid haemodilution is 
real then it may to some extent mask the beneficial effects of 
regional anaesthesia if crystalloid is used to preload these patients, 
and this may provide support for the argument that normotension 
should be maintained either with vasopressors or HES. Clearly, 
this work needs to be re-evaluated in the light of any new 
understanding of the effect of crystalloid haemodilution. 


A. D. FARMERY 
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Sir,—We agree fully with the comments that our results challenge 
intuitive assumptions and we agree entirely with the inferences 
they draw from these results. Furthermore, as Farmery and Kong 
correctly point out, our results may indeed call into question not 
only the methodology of studies designed to assess the effect of 
regional anaesthesia on the development of postoperative throm- 
boembolic disease, but also the methodology of most of the 
currently quoted studies designed to assess the effect of any of the 
colloids on coagulation, as the majority use a crystalloid control 
group. 

Whether or not our im vitro results can be translated to the 
clinical situation remains to be resolved. However, we are 
currently in the process of investigating this effect in human 
volunteers and the results appear to be consistent with our in vitro 
work. Indeed, using standard tests of coagulation and also 
thrombelastography, we have been able to further strengthen our 
hypothesis that haemodilution renders blood hypercoaguable. 

We can only agree with the comments of Farmery and Kong 
that the role of crystalloid solutions needs to be re-evaluated, 
especially in those circumstances in which the prevention of 
procoagulant states is desirable. 

T. G. RUTTMANN 

M. F. M. JAMES 

J. F. VILJOEN 
Department of Anaesthesia 
University of Cape Town 
South Africa 
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BOOK REVIEWS 





Fibreoptic Guided Tracheal Intubation—A Practical Approach. 
N. C. HWANG. Published by McGraw-Hill, Singapore. 
Pp. 81; illustrated. Price $9.15. 


This is a splendid little book which was a pleasure to read. At first 
sight it appears slim and one wonders how it can cover fibreoptic 
guided tracheal intubation sufficiently. It appears to be the 
author’s aim to give a “practical approach” and not excess theory. 
The book is precise, readable and ideal for the trainee who is 
interested in learning the basics of this technique before gaining 
any practical experience. For an accomplished operator of the 
fibreoptic scope, this book is deficient in detail but it does offer 
some useful guidelines on how to set up a fibreoptic training 
programme. It algo contains good diagrams and photographs but 
unfortunately they all appear at the end of the book which makes 
referring to them while reading the text rather tedious. The 
author has described useful aids for fibreoptic intubations. 
However, I feel that either diagrams or pictures of the various aids 
would have been more useful for those who may neither have seen 
nor used them previously. The chapter on cleaning and main- 
tenance of the fibreoptic scope was well done. However, despite 
my enthusiasm, the book does have some weak points. The lack of 
detail in some areas may be misleading to the novice user of the 
fibreoptic scope, for example administration of local anaesthetic 
via a cricothyroid puncture is given as a method of anaesthetizing 
the trachea but there is no mention of complications or suggestions 
of alternative methods such as using a cannula instead of a needle. 
The skill acquisition section suggests teaching fibreoptic in- 
tubation with patients who are breathing spontaneously (p. 46), 
again without discussing the drawbacks of this method or 
alternative methods. 

In conclusion, this book is useful for the trainee who wishes to 
gain a basic knowledge of the fibreoptic scope and fibreoptic 
intubation at a reasonable price. However, it lacks detail in some 
key areas. 

M. C. Mushambi 


Clinical Scenarios in Anaesthesia. W. A. CHAMBERS AND R.E. 
Paty. Published by Churchill Livingstone, Edinburgh. Pp. 
181; indexed. Price £29.50. 


The introduction of the simulated clinical into the first part of the 
“new” FFARCS examination was rightly seen as a major 
innovation in objectively testing the diagnostic and therapeutic 
knowledge of candidates. This book has been published to 
coincide with the change to a two part examination for the 
diploma of FRCA in which the structured clinical moves to the 
final part. The book consists of 47 case reports accompanied by 
follow-on questions, with space for answers, interspersed with 
further information. A list of recommendations for further reading 
completes each section. The subjects of the reports are diverse, 
ranging from the routine (haematemesis, hypercapnia and brachial 
plexus block) to the esoteric (myotonic dystrophy in pregnancy, 
aeromedical transport and thymectomy); no claim is made that the 
whole gamut of the guidelines for the final examination is covered. 

Unlike books written specifically as guides to the structured 
clinical, the format of this book does not follow exactly that of the 
present examination, The rubric to the majority of examination 
questions consists of a very short paragraph of history, usually 
only five or six lines, followed by the results of a physical 
examination and relevant investigations. The case reports in the 
book vary from one half to 2.5 pages in length, frequently taking 
the reader to the end of an operation. In some cases radiographs 
are pictured, in others clinical photographs and blood chemistry 
results; there are no electrocardiograph records. This format, 
while interesting, does not attempt to mimic that of the 
examination. The vast majority of the current trainees eligible to 
take the final examination will have seen this format in part I of the 
present examination; a cohort to whom this format is unfamiliar 
will soon, however, present themselves. 

The questions which follow the scenarios, while covering 
important topics, frequently do not lead the reader or candidate 


down a seamless path of thought. Thus a scenario on the conduct 
of anaesthesia for renal transplantation is followed immediately by 
a question on the criteria for brainstem death and a report of 
carotid artery surgery by several questions concerning diabetes. 
The authors state that the book “sets out to ask more questions 
than it answers” and “The conduct of the cases is not always the 
only or necessarily the best technique and the reader is invited to 
consider whether he or she would have acted differently ...’’. It is 
doubtful if candidates with less than 3 yr in the specialty are in a 
position to consider the merits of the treatments as outlined. 
They might perceive than an induction sequence consisting of 
thiopentone, gallamine and suxamethonium which leads to 
anaphylaxis is, to say the least, unusual but they may not be aware 
that total i.v. anaesthesia with propofol in a 12-yr-old boy 
undergoing brain biopsy is not a universally accepted technique. 
To be at their most useful each report might be considered by a 
tutorial group led by a consultant whose specialty is being 
addressed. There are inherent dangers in printing sub-optimal 
treatments in a book targeted directly at inexperienced trainees 
who may subsequently recall a technique without remembering 
whence it came and that it was inappropriate. 

Moving the structured clinical to the final examination has 
undoubtedly created a need for books which cover the increased 
clinical scope of this part of the examination. This book claims to 
meet this requirement but its format is, in most instances, 
different from that of the examination. Many of the scenarios are 
long and detailed, and contain pitfalls for the unwary. Unless 
potential candidates are guided through the reports, information 
may be retained which will not stand them in good stead in either 
the examination or clinical practice. Arguably, readers find that 
case reports form the most interesting part of medical journals and 
the scenarios in this book undoubtedly form a very good basis for 
discussion. It might be suggested that in a second edition the 
authors might like to consider changing the format of the book 
either to make it more closely resemble that of the examination or 
specifically to form the basis for a series of consultant-led 
tutorials. 

D. Saunders 


The Cambridge Dictionary of Statistics in the Medical Sciences. 
B. S. Everrrr. Published by Cambridge University Press, 
Cambridge. Pp. 277; illustrated. Price £12.95. 


All medical researchers require a working knowledge of statistics, 
but the large number of statistical techniques available, together 
with recent developments in statistical and computational 
methods, implies that most individuals will encounter unfamiliar 
statistical terms in their work. This dictionary addresses this need. 
Although it was aimed primarily at medical statisticians and 
students, the author expresses a hope that it will be useful both to 
medical researchers and clinicians. It comprises 277 pages, and 
typically there are eight entries per page. There are 70 figures 
which are used mainly to illustrate graphical techniques, such as 
the box-and-whisker plot, although probability density functions 
are also presented graphically. 

The type of entry covers a wide range. Medical audit is a 
defined entry; at another extreme, projection pursuit is included. 
The coverage tends to be superficial; this is not a textbook and 
cannot be used as a recipe book to guide the researcher through 
data analysis. However, the coverage is thorough. In a 6-month 
period from July to December 1995 all but four statistical tests 
used in the articles in the British Fournal of Anaesthesia are 
included. 

The dictionary is extensively cross-referenced, although there 
is a tendency in some entries for these to be circular. Thus in the 
excellent entry on “‘likelihood”’ there are cross-references to seven 
other entries, three of which simply lead back to the original. On 
the whole, abbreviations are dealt with well. For example “‘least 
significant difference” appears in the dictionary as a full entry, 
and this is also referenced as “LSD”. 

Several of the entries lend themselves to a mathematical 
treatment and equations are presented. More than 50% of the 


134 


pages contain some mathematical expressions. The typesetting of 
equations is clear, with appropriate fonts for operators, brackets 
and subscripts. The presentation of more mathematical entries 
assumes a working knowledge of mathematics, including matrix 
algebra. 

The dictionary does not include references to definitive sources. 
For most entries this is unnecessary, but in some cases it would be 
helpful. For example, the entry on cluster analysis leads to several 
related items; a reference to a source which gives a more 
exhaustive account would help to complete the picture. 

Two types of user will benefit from this book. First, the 
researcher or clinician requiring a summary of a statistical 
technique that appears in a journal article, and second, the 
clinician with some knowledge of statistics and a short attention 
span. There is something of interest on every page; this reviewer 
enjoyed it very much. 

C. J. R. Parker 


The Massachusetts General Hospital Hand Book of Pain Man- 
agement. D. BORSOOK, A. A. LEBEL AND B. McPEEK (editors). 
Published by Little, Brown & Co., Boston. Pp. 458; indexed; 
illustrated. Price £24.00. 


There are several large volumes on the management of pain but a 
niche exists for a small pocket handbook such as this. It is aimed 
at all health workers who treat patients with chronic pain. It 
provides an introduction to the management complexities, 
assessment tools and multiple treatment modalities that are now 
available. 

The book is divided into four sections; the first deals with 
general issues in pain management and includes good chapters on 
the neural basis of pain and assessment of pain. The second 
section deals broadly with diagnostic procedures and therapeutic 
options and the third section is on the treatment of specific pain 
syndromes. I was pleased to see that the procedures described 
were generally undertaken in theatres with monitoring, image 
intensification and safe recovery facilities. This standard of 
practice is unfortunately not always achjeved everywhere in the 
UK. The last section is entitled “‘ Special considerations” which, 
while interesting, could have been incorporated into earlier 
sections, hence avoiding some repetition. 

The handbook is not referenced; however, the suggested 
reading at the end of each chapter is generally modern and 
relevant. Two of the seven appendices include useful information 
such as diagrams of dermatomes and nerve distribution, and the 
IASP (International Association for the Study of Pain) classifica- 
tion of chronic pain, but the remaining appendices, while 
interesting, are only of specific relevance to doctors practising in 
North America. 

There are some limitations. It is a multi-author book and as 
such the quality of chapters is variable. There is inevitably 
repetition but for newcomers to pain management this can be 
helpful. The x-rays have not reproduced well but the line 
diagrams are clear. However, the book reflects North American 
practice, for example in its emphasis on psychological man- 
agement (which is not necessarily bad as I believe we tend to be 
somewhat repressed on this side of the Atlantic!). Recommended 
drug treatments reflect international differences both in generic 
and brand names, for example meperidine/pethidine, acetamino- 
phen/paracetamol. 

Overall this book presents a rational approach to the multi- 
disciplinary management of pain which is both easy to read and 
conveniently lightweight. It fills a definite gap in the market and 
represents good value for those involved in the management of 
patients with chronic pain and for trainees studying for exam- 
inations. 

F. A. Campbell 


Clinical Anaesthestology—International Practice and Research— 
Obstetric Anaesthesia. D. G. Bocop (editor). Published by 
Baillitre Tindall, London. Pp. 174; indexed. Price £30.00. 


Many books on anaesthesia become outdated in some aspects at 
the time of publication. I am pleased to say that this is not the case 
with this book. There are 10 concise topics, each examining 
relevant aspects of modern obstetric anaesthetic management, and 
each by a different author. 
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Many problems in medicine are caused by ignorance of the aims 
and problem of other specialties, particularly when those special- 
ties work closely together. To try to improve the anaesthetist’s 
knowledge of obstetrics, the first section is a resumé of modern 
labour management written by an obstetrician. This section 
makes particular reference to preterm, breech and multiple 
deliveries, all of which may involve anaesthetic intervention. 
Many mothers are now aware of the benefits of extradural 
analgesia but often question the obstetric anaesthetist or midwife 
about potential complications. Problems of backache, headache 
and neurological complications are ably dealt with in a section on 
the long-term effects of extradurals. 

There are sections on new drugs and techniques used in 
obstetric anaesthetic practice, particularly the use of epispinal 
techniques and the increased use of spinal and extradural opioids. 
To complement this there is a section on the neonatal effects of 
opioids in labour. It states reassuringly that most regimens in 
common use appear to be safe. 

Two other sections complement each other; one a very 
forthright appraisal of regional techniques for Caesarean section, 
spinal, extradural and combined techniques, emphasizing the very 
rare need for general anaesthesia for Caesarean section, the other 
a section on general anaesthesia for Caesarean section. This is a 
very thoroughly researched section but in many ways the most 
disappointing. It is very long-winded and contains at the end a 
failed intubation drill so long that, if it needed to be referred to in 
an emergency, I fear the mother’s demise long before the end of 
the algorithm. = 

Another rather long section deals with audit. Sadly this deviates 
somewhat from specific obstetric anaesthetic audit and describes 
anaesthetic audit in general. 

There is an excellent section on high-risk pregnancy, with a 
major emphasis on obesity and asthma, and the management of 
cardiovascularly and neurologically compromised mothers. The 
section on feeding in labour gives a clear account of the benefits 
and potential dangers of feeding mothers in labour. Medico-legal 
considerations of obstetric anaesthesia are admirably dealt with in 
the final section in the book. 

In short, this is an excellent book and should be of use both to 
practising obstetric anaesthetists and trainees alike. 

R. fJ. S. Birks 


Low Flow Anaesthesia. J. A. BAUM AND G. NuNN. Published by 
Butterworth-Heinemann, Oxford. Pp. 208; indexed; illus- 
trated. Price £35.00. 


With increasing interest in low flow anaesthesia and the advent of 
new agents, this books provides a major and timely contribution 
to the literature. It is a well written and easily read comprehensive 
review of a potentially difficult subject. 

The book successfully covers most aspects of the use of low flow 
systems. One criticism is that the classification used by the author, 
while well explained, is confusing. It uses the old terms of semi- 
open and semi-closed, and may also cause confusion by describing 
systems such as the Magill and Bain as non-rebreathing systems. 
The rationale behind the classification given is presented clearly 
but I am sure it will be a source of annoyance to those accustomed 
to other classifications. That criticism aside, the book is full of 
useful information. In particular, several chapters are outstanding. 
The uptake of anaesthetic agents is well written and easy to follow. 
Mathematics are present in this book, but are used appropriately, 
are well diluted by “common sense” text and can be ignored by 
non-mathematicians without losing the meaning of entire chap- 
ters. There is an excellent discussion of the various models of 
anaesthetic uptake. The chapter on anaesthetic methods for low 
flow anaesthesia will be useful to all trainees. Of general interest 
is the exhaustive discussion of the cost implications of low flow 
anaesthesia. 

There is an extremely useful chapter on the newer anaesthetic 
machines, how they function in relation to flow and the technical 
requirements of using low flows. The section on monitoring 
requirements and safety aspects is comprehensive, with lists of the 
standards and guidelines that are required both at the present time 
and in the near future. There is a short but informative chapter on 
substances which accumulate in low flow systems. It is regrettable 
that at the time this book was written, the newer inhalation agents 
were only just beginning to become available and there is limited 
but nevertheless useful discussion of these agents. There is also a 
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very brief section on the use of low flow anaesthesia in paediatric 
practice. 

The information in this book should be available in any 
department that is intending to use either low or minimal flow 
anaesthesia. It is a topic that few major texts cover adequately and 
in which it is almost impossible to find a book that is 
comprehensive, informative and yet readable. This book achieves 
these objectives. It is an excellent reference book suitable not only 
for departments but also for individuals. 

N. Seni 


Total Burn Care. D. N. HERNDON (editor). Published by Saun- 
ders, London. Pp. 597; illustrated; indexed. 


This book comprises 597 pages covering 60 chapters. It is written 
by 82 international authors, mainly from the USA, with a few 
from the UK, Austria, Australia and Japan, many of whom are 
well known experts in this field. The book is set out in nine 
sections. 

The first section is a brief introduction of the burn management 
team and the epidemiology of burns in the USA. It emphasizes the 
multidisciplinary approach to the care of burns. The second 
section covers immediate care of burns and includes burn disaster 
management, pre-hospital care and transportation, and fluid 
resuscitation. The management of burn disasters highlights 
important points, including disaster plans, communication, 
transportation, facilities and staff. Pre-hospital care is well 
explained but has an unusual heading and layout, that is the 
management of pain, tetanus immunization and prevention of 
hypothermia and also gastrointestinal problems are included 
under one title “Decompression of stomach” | The description of 
fluid resuscitation is of limited use to the British doctor as it is 
primarily “American” fluid resuscitation with a brief mention of 
colloids and no mention of the Muir and Barclay formula, the 
mainstay of British burn resuscitation. I enjoyed reading the 
chapter on the pathophysiology of burn shock and burn oedema 
but unfortunately some of this is repeated under fluid resuscitation 
and early management. 

The third section aims to concentrate on the “Burn wound”. 
This section again suffers from problems of a multi-author book 
in that there are several repetitions, including that of tables. There 
is a very brief chapter on anaesthesia for burned patients. A 
proportion of this includes inhalation injury, a subject which is 
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also covered in three chapters of the next section entitled 
“Tnhalational injury”. 

The fifth section is on “Responses to injury”. This is the 
largest section and covers a wide range of topics. These include 
nutritional needs and support, multiple organ failure and its 
treatment, pathophysiological changes in burns, burn nursing and 
burns in the elderly and children. It has some good chapters but 
is a mixture of very different topics. I am not sure if “Responses 
to injury ” is the correct title or if it should have been divided into 
more than one section. The chapter on renal failure in burned 
patients should perhaps be incorporated into that on critical care 
of burn complications as there is a significant amount of overlap 
in these two chapters. 

The sixth section covers non-thermal injuries such as electrical, 
cold, chemical and radiation injuries, and exfoliative disorders and 
necrotizing soft tissue infection. These were well written and 
interesting to read. 

The final three sections are on rehabilitation, reconstruction 
and psychological and social issues. After reading the earlier 
chapter on anaesthesia for burned patients, I had hoped that 
anaesthesia for reconstructive surgery would be covered in the 
section on reconstruction. Unfortunately, this topic has been 
overlooked and needs to be addressed as it presents anaesthetic 
problems different from those of the acute phase. Pain response 
and pain control are covered in the section entitled psychological 
and social issues. I feel that this chapter, although well written, is 
misplaced. It gives the impression that pain-management is more 
a long-term problem rather than an early priority in the acute 
management of burns. 

This book has aimed to provide an overall view of total burn 
management and in so doing has covered a wide range of topics. 
Most of the chapters are well written but as with all multi-author 
books, the standard of chapters varies. Anaesthesia does not appear 
to have been well represented. I believe that the chapters could 
have been grouped differently to make it an easier reference book. 
Perhaps the chapters on anaesthesia should have been grouped 
together to make a better impact. All chapters are well referenced. 
The summary at the end of each chapter is useful and well done 
in some sections. The book however, reflects North American 
practice in many areas, some of which are critical and cannot be 
easily overlooked by British doctors looking after burned patients. 
This multi-author book also suffers from a great deal of repetition 
and will be useful as a reference book, but probably more for 
surgeons than anaesthetists. 

M. C. Mushambi 
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EDITORIAL 


Transoesophageal echocardiography in anaesthesia and intensive care 


Transoesophageal echocardiography (TOE) is be- 
coming an increasingly important diagnostic tool in 
anaesthesia and intensive care. The oesophagus lies 
immediately posterior to the heart and great vessels 
and, unlike transthoracic ultrasound, provides an 
imaging window without interference from inter- 
vening structures. Because of this proximity, TOE 
can use high frequency 5-MHz probes which provide 
much higher resolution images than those that can 
be obtained with conventional 2.5-3-MHz trans- 
thoracic probes. The uses of TOE have been 
classified into five main categories [1]: 

(1) Imaging of structures which may be inade- 
quately displayed by transthoracic echocardio- 
graphy, such as the left atrial appendage and the 
descending thoracic aorta, or when the presence of a 
prosthetic valve produces an ultrasound shadow. 

(2) Diagnosis of conditions in which the superior 
image quality is vital, for example assessment of 
endocarditis, intracardiac thrombus, valvular mal- 
function or aortic dissection. In aortic dissection, 
TOE has been reported in experienced hands to have 
a diagnostic sensitivity and specificity of more than 
95% [2]. An emerging indication is the routine use 
of TOE to exclude the presence of left atrial 
thrombus before elective cardioversion for atrial 
fibrillation [3]. 

(3) Ultrasound examination of patients with con- 
ditions such as obesity or emphysema which prevent 
image clarity with transthoracic techniques. 

(4) Intraoperative use in both cardiac and non- 
cardiac surgery to monitor such variables as left 
ventricular wall motion, effectiveness of valve repair 
and presence of air embolism without disturbing the 
surgical field. 

(5) Use in the intensive care unit to aid diagnostic 
conundrums unresolved by other techniques. 

The technique was first used in 1976 using a rigid 
device but standard technology now comprises a 
biplane probe mounted on a flexible, steerable 
endoscope imaging in both horizontal and transverse 
planes, with spectral and colour flow Doppler. Newer 
multiplane probes allow scanning at any angle 
through 180°. The technique is invasive, usually 
carried out under sedation and appears remarkably 
safe. The overall complication rate is of the order of 
a fraction of 1% in most series [1]. In one large study 
group of more than 10000 diagnostic cases, there was 
one fatality (bleeding tumour infiltrating the oesoph- 
agus) and 18 cardiac, pulmonary or bleeding compli- 
cations [4]. This safety record contrasts markedly 
with that of gastrointestinal endoscopy [5], perhaps 


because patients are monitored more intensively and 
the danger of cardiorespiratory complications are 
readily apparent. The principal contraindications to 
TOE are oesophageal tumours, stenoses, diverticulae 
or varices. Transient bacteraemia has been reported 
after TOE but antibiotic prophylaxis against en- 
docarditis is currently considered unnecessary. 

The TOE probe can be maintained in a stable 
position allowing beat-by-beat monitoring of cardiac 
function over prolonged periods. Cardiac output can 
be measured by Doppler interrogation of aortic 
blood flow, assessment of preload can be obtained by 
measurement of left ventricular diastolic dimension 
and of afterload by calculation of end-systolic wall 
stress, as described by Greim, Roewer and Esch [6]. 
Contractility can be assessed by measurement of 
shortening fraction and ejection fraction, although 
the dependence of such measures on loading con- 
ditions and the geometrical assumptions made with 
calculation of ejection fraction imply that such 
measures are of limited value. Determination of the 
end-systolic left ventricular diameter—pressure re- 
lationship in a manner analogous to the pressure— 
volume relationship may be a better echo-derived 
index of ventricular function [7]. 

The ability of TOE to image clearly the endo- 
cardial surface allows the technique to be used to 
monitor global and regional ventricular function in 
both cardiac and non-cardiac surgical patients in an 
attempt to detect the occurrence of myocardial 
ischaemia. Regional wall motion abnormalities occur 
within seconds of the onset of myocardial ischaemia 
[8], well before the occurrence of ECG changes or 
chest pain. Studies in high risk patients ‘have 
confirmed that TOE is a more sensitive indicator of 
perioperative myocardial ischaemia than the ECG or 
haemodynamic monitoring [9, 10]. Whether or not 
this increased ability to detect perioperative isch- 
aemia results in improved patient outcome is un- 
known. Compared with preoperative clinical evalu- 
ation and standard ECG monitoring, intraoperative 
TOE failed to add significantly to the ability to 
identify patients with adverse outcomes caused by 
myocardial ischaemia [11]. A limitation to monitoring 
myocardial ischaemia by TOE is that continuous 
monitoring is usually performed in only one plane 
and may fail to detect ischaemia in other segments. 
More importantly, detection of wall movement 
abnormalities is made by eye so that considerable 
experience is necessary in image interpretation. This 
is a particular problem when there are pre-existing 
wall motion abnormalities, a common feature of 
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patients with ischaemic heart disease. Automated 
edge detection techniques and the use of cine loops 
and split screens to allow image comparison may 
help to overcome such problems. On-line analysis 
packages are being developed which give continuous 
information on both measured and derived haemo- 
dynamic indices. 

The increasing use of mitral and tricuspid valve 
repair rather than replacement in cases of valvular 
incompetence has made detailed knowledge of 
valvular anatomy important in the preoperative 
assessment of such patients. A TOE study performed 
before operation or on the operating table before 
cardiopulmonary bypass allows the surgeon to plan 
appropriate operative strategies to deal with annular 
dilatation, cusp retraction, prolapse or perforation. 
Intraoperative TOE performed after mitral valve 
repair has been found to identify accurately both 
satisfactory repairs and those cases with significant 
residual regurgitation requiring surgical revision 
[12, 13]. However, assessment of the severity of 
mitral regurgitation by echo Doppler study is 
unsatisfactory because colour flow Doppler mapping 
displays velocity, not total regurgitant flow, and 
certainly does not provide an “ultrasonic angio- 
gram”. The tendency of eccentric regurgitant jets to 
wrap around the circumference of the left atrium 
makes underestimation of their severity a common 
problem. Again, because of the lack of hard nu- 
merical data and derived indices, considerable ex- 
perience in signal interpretation is necessary. Nu- 
merous other cardiac surgical procedures have been 
reported in which intraoperative TOE has been 
helpful, including myectomy for hypertrophic 
cardiomyopathy, resection of membranous sub- 
aortic stenosis and pulmonary artery and vein 
anastomosis during lung transplantation. 

Although not all editorial writers have been 
enthusiastic about intraoperative TOE [14-16] and 
have emphasized the dangers of increased compli- 
cations and the potential for misdiagnoses, there 
seems to be a growing acceptance of its value, 
particularly in valve reconstruction. If TOE is to be 
brought into routine use as an intra- and post- 
operative monitoring procedure or in the assessment 
on the operating table of the results of valvular 
surgery, two important difficulties arise. The first is 
the ready availability of equipment, as and when it is 
needed, and the second is the presence of a well 
trained operator to interpret the results. The costs of 
providing an intraoperative TOE service are hard to 
estimate. A TOE probe alone currently costs in the 
region of £30000 (and has a limited life span of 
approximately 500 procedures) and an echo Doppler 
system approximately £100000. The set-up costs of 
a dedicated intraoperative unit are consequently 
substantial, yet sharing time on machines which are 
in heavy demand for routine diagnostic use in- 
evitably implies that they may be unavailable when 
required. 

Because of their clarity, TOE signals are much 
easier to interpret than those from transthoracic 
probes, but nevertheless correct training is essential. 
To date in the UK, TOE has been largely the 
preserve of cardiologists but it is impractical to 
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expect them to provide an on-demand intraoperative 
service. For anaesthetists or surgeons to undertake 
the responsibility of image interpretation requires an 
addendum to their normal training programmes. 
Furthermore, when trained, skills need to be prac- 
tised to be retained. At present there are no UK 
guidelines even for the training of cardiologists in 
TOE but the American Society of Echocardiography 
published its recommendations in 1992 [17]. Recent 
preliminary data from Yale indicate that it is not 
possible during a 3-month cardiac anaesthesia ro- 
tation to acquire the standard of skill necessary for 
independent practice [18]. Although it is recognized 
that specialized training in TOE for anaesthetists is 
essential, it is currently difficult to know how it 
would be best achieved or what numbers and type of 
case mixed will be required. As with so many things 
in the UK, success with the technique is likely to 
come from a small group of enthusiasts who have the 
energy to raise the money for equipment and the 
commitment to train correctly, probably in their own 
time. 

The impressive image quality obtainable with 
TOE and the relative ease with which it can be 
performed make it likely that it will become an 
increasingly important diagnostic and monitoring 
tool during surgery and in the intensive care unit. 
However, as with any imaging technique, the results 
obtained will only be as good as the quality of 
interpretation and this implies appropriate training 
and continued collaboration with cardiological col- 
leagues, not “having a go” when it becomes a 
necessity. The potential for misdiagnosis with any 
imaging technique must never be forgotten. 

J. N. TOWNEND 

P. HUTTON 
University Departments of Cardiovascular 
Medicine and Anaesthetics and Intensive Care 
Queen Elizabeth Hospital 
Edgbaston 
Birmingham B15 2TH 
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CLINICAL INVESTIGATIONS 


Single bolus compared with a fractionated dose injection technique 
of bupivacaine for extradural Caesarean section: effect on 
uteroplacental and fetal haemodynamic state 


J. KARINEN, L. MÄKÄRÄINEN, S. ALAHUHTA, R. JOUPPILA AND P. JOUPPILA 


Summary 


We studied 26 healthy parturients undergoing 
elective Caesarean section, allocated randomly to 
receive extradural block with 0.5% plain bupi- 
vacaine in a double-blind manner in either a single 
bolus or fractionated doses. After a 3-ml test dose, 
an additional 20 ml of bupivacaine were given over 
a 5-min period in the single bolus group (n = 13) 
and over a 25-min period in the fractionated dose 
group (n = 13). We studied the effects of bupi- 
vacaine on blood flow velocities in the maternal 
placental and non-placental uterine and fetal um- 
bilical arteries before and four times during es- 
tablishment of extradural block using a pulsed 
colour Doppler technique. Median sensory block 
reached T3 in the single-dose group compared with 
T4 in the fractionated-dose group. Two subjects in 
each group required i.v. ephedrine to correct 
transient hypotension (systolic arterial pressure 
<90 mm Hg). Blood flow velocity waveform 
indices of the uterine and umbilical arteries did not 
differ significantly within or between groups during 
the study. There was no significant difference in 
neonatal outcome, as assessed by Apgar scores and 
umbilical artery pH values. In conclusion, we 
observed no deterioration in uteroplacental cir- 
culation after administration of a single bolus dose 
of bupivacaine. (Br. J. Anaesth. 1996; 77: 140- 
144) 


Key words 


Anaesthesia, obstetric. Blood, flow, feto—uteroplacental. An- 
aesthetic techniques, extradural. Anaesthetics local, bupi- 
vacaine. 


Induction of extradural block with bupivacaine in 
fractionated doses is a routine technique for elective 
Caesarean section but it is slow in producing surgical 
anaesthesia for emergency cases. In order to speed 
up the onset of sensory block in such acute cases, the 
local anaesthetic has been given as a single bolus dose 
via either a needle [1] or catheter [2-4]. This 
technique may be advantageous, especially in 
mothers, who already have an extradural catheter in 
situ for pain relief during labour. In previous studies, 
0.5% plain bupivacaine given as a slow bolus or in 
fractionated doses did not cause an increase in 
uteroplacental and fetal umbilical blood flow re- 
sistance [5-7]. In contrast, Alahuhta and colleagues 
[8] found increased uterine artery Doppler indices, 


possibly indicating increased vascular resistance, 
after administration of 20 ml of 0.5% plain bupi- 
vacaine as a bolus injection over a 5-min period. 
Injection of local anaesthetic in fractionated doses 
via the catheter appeared to be a safer and more 
efficient technique for extradural Caesarean section 
than a single dose [9]. In that study, the incidence of 
hypotension was significantly lower and, after birth, 
the efficacy of sensory block was greater in the 
fractionated-dose group than in the single-dose 
group, while there was no difference in the condition 
of the neonates, as assessed by Apgar score. Never- 
theless, it has been shown that a single bolus dose of 
bupivacaine does not have any harmful effect on fetal 
and neonatal outcome, as evaluated by fetal heart 
rate patterns [10] and Apgar score [11, 12]. 

There are conflicting results of studies on the 
effects of extradural anaesthesia on maternal and 
uteroplacental haemodynamic state, partly because 
of different injection techniques and doses of local 
anaesthetics. Therefore, we have compared, in a 
double-blind, randomized study, the effects of a 
single bolus and fractionated doses of bupivacaine on 
maternal uterine and fetal umbilical artery blood 
flow velocity waveforms using a colour Doppler 
technique. 


Patients and methods 


We examined 26 healthy parturients at term 
(gestational weeks 37-40) undergoing elective 
Caesarean section because of breech presentation, 
fetopelvic disproportion or repeat Caesarean section. 
The study was approved by Oulu University Ethics 
Committee and informed written consent was 
obtained from each patient. None of the patients was 
in labour. Exclusion criteria included multiple 
gestation and maternal or fetal complications during 
pregnancy (e.g. pre-eclampsia, diabetes or signs of 
placental insufficiency). 

Patients were given 30ml of sodium citrate 
0.3 mol litre™! orally, 30-60 min before entering the 
operating theatre, where they were monitored with a 
three-lead ECG, pulse oximetry and automated non- 





JUHA KARINEN, MD, SEPPO ALAHUHTA, MD, PHD, RITTA JOUPPILA, 

MD, PHD (Department of Anaesthesia); LEO MAKARAINEN, MD, 

PHD, PENTTI JOUPPILA, MD, PHD (Department of Obstetrics and 

Gynaecology); Oulu University Hospital, Kajaanintie 52 A, FIN- 

90220 Oulu, Finland. Accepted for publication: February 27, 

1996. ` 
Correspondence to J.K. 


Single dose bupivacaine for extradural Caesarean section 


invasive arterial pressure (Cardiocap, Datex, 
Finland). Oxygen 3 litre min~! was administered via 
a nasal cannula. A peripheral vein was cannulated for 
administration of i.v. fluids. With the patient in a 
right lateral position, the extradural space was 
identified at the L2—3 or L3—4 interspace with an 18- 
gauge needle using the loss of resistance technique. 
A catheter was inserted 3cm cephalad into the 
extradural space and secured after negative aspir- 
ation for blood and cerebrospinal fluid. Patients were 
then turned to the supine position with left lateral 
tilt. Local anaesthetic was not injected. Patients 
received a preload of Ringer’s acetate solution 1 litre 
over a 15—20-min period. Immediately after pre- 
loading, the first Doppler ultrasound recording was 
performed. 

The left and right maternal uterine (main branch) 
arteries near the cervix before their divisions and the 
fetal umbilical artery were identified by colour 
Doppler and blood velocity waveforms recorded by 
the pulsed Doppler method with a 3.75-MHz sector 
probe and 120-Hz high-pass filter. Peripheral arterial 
resistance was expressed in terms of pulsatility index 
(PD), calculated as PI = (systolic peak velocity — end- 
diastolic velocity)/mean velocity during cardiac 
cycle, and measured from the blood velocity wave- 
form profile (the average of three consecutive 
waveforms). 

After the first Doppler recording, patients were 
allocated randomly to one of two groups of 13 to 
receive 0.5% plain bupivacaine in a double-blind 
design, either as a single bolus or in fractionated 
doses. Randomization was performed in the 
operating theatre using sealed envelopes. A test dose 
of bupivacaine 3 ml was injected via the catheter. 
After 4 min, if there were no signs of subarachnoid 
or i.v. injection, patients in the single-dose group 
received a 20-ml (100 mg) bolus dose of bupivacaine 
over 5 min, and those in the fractionated-dose group 
an 8-ml (40 mg) dose diluted with 0.9 % saline 12 ml 
(i.e. 20 ml in all) over 5 min. Then, in the latter 
group, additional bupivacaine doses of 8 ml (40 mg) 
and 4ml (20mg) over 1 min were given 15 and 
20 min from the first dose, respectively. In the 
single-dose group, equal volumes of 0.9% saline 
were administered in a similar manner. Thus the 
total amount of bupivacaine given was identical in 
both groups (23 ml (115 mg)). A Doppler measure- 
ment of the same arteries was repeated 5 and 10 min 
after the first injection of bupivacaine (the second 
and third Doppler recording) and then 4 min after 
the subsequent two injections of either bupivacaine 
or saline (the fourth and fifth Doppler recording). 
The obstetrician (L. M.) who performed all Doppler 
recordings and the author (J.K.) who administered 
all extradural blocks were blinded to the anaesthetic 
solutions used in the study. The level of sensory 
block was assessed before surgery, and if below T5, 
bupivacaine 3-5 ml was given via the catheter. 

Maternal heart rate (HR) was monitored con- 
tinuously and systolic arterial pressure (SAP) 
recorded every 2min during the study. During 
establishment of extradural block, an infusion of a 
second litre of Ringer’s acetate solution was started 
in both groups to maintain maternal arterial press- 
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ure. Hypotension, defined as a decrease in SAP to 
less than 100 mm Hg or to 80% of baseline, was 
treated by increasing the rate of crystalloid infusion. 
If a value of < 90 mm Hg was recorded, ephedrine 
5-10 mg was given i.v. The time from uterine 
incision to delivery was recorded. After delivery, a 
paediatrician evaluated Apgar scores at 1 and 5 min, 
and blood samples from a double-clamped umbilical 
artery were obtained immediately for measurement 
of acid—base status. The paediatrician also was 
unaware of the method of bupivacaine injection used 
for extradural block. 

Student’s t test was used to detect differences in 
baseline values between the groups. Analysis of 
variance for repeated measures was used to assess the 
Statistical significance of the differences in maternal 
haemodynamic variables (HR, SAP and PI) between 
and within groups. The Greenhouse—Geisser ad- 
justment for multi-sampler asphericity was used to 
avoid excessive type I error [13]. Values for maternal 
SAP were computed as percentage changes from 
baseline values for later analysis. The number of 11 
subjects in each group was determined previously to 
be sufficient to detect, with 80% power and a 5% 
significance level, a difference of 30% in mean 
uterine artery PI between the groups [14]. The 
difference of 30% in the PI values was considered 
clinically significant. The Mann-Whitney U test was 
used to analyse differences in the height of sensory 
block between groups. Differences were considered 
significant if P < 0.05. Values are presented as mean 
(sp, 95% confidence interval (CI) or range) where 
appropriate. 


Results 


There was no significant difference in basic clinical 
data between the groups except for maternal weight. 
Despite randomization, mothers in the fractionated- 
dose group weighed significantly more than mothers 
in the other group (table 1). Changes in mean 
maternal HR did not differ between (P = 0.12) or 
within (P = 0.45) groups during the study (table 2). 
Similarly, changes in mean maternal SAP did not 
differ between groups (P=0.39). Mean SAP 
decreased to a minimum of 86 (95 % CI 78-93) % of 
baseline, that is from 127 (122-132) to 109 (98- 
119) mm Hg (P = 0.002) in the fractionated-dose 
group, and to 85 (79-92)%, that is from 128 
(123-134) to 106 (98-114) mm Hg (P = 0.001) in the 
single-dose group (fig. 1). The lowest values of SAP 
in each group were observed within 10-20 min after 
induction of extradural block. In total, hypotension 
(SAP < 100 mm Hg) occurred in six of 26 patients 
(23%) (three patients in each group). Of these six 
subjects, two in each group developed more severe 
but transient hypotension with SAP < 90 mm Hg, 
and required ephedrine 5-10 mg i.v. All four patients 
also required atropine 0.5 mg i.v. for transient brady- 
cardia with HR < 50 beat min™. Total requirement 
for ephedrine was 20mg in the single-dose and 
30 mg in the fractionated-dose group. 

Comparison between the right and left uterine 
arteries showed no difference in PI. Therefore, mean 
PI from these two vessels was calculated in each 
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Table 1 
Fractionated-dose 
group (n = 13) 
Maternal 
Age (yr) 33.7 (26-43) 
Weight (kg) 83.3 (12.0) 
Height (cm) 163.1 (8.3) 
Gestational weeks 38.8 (1.0) 
Newborn weight (g) 3586 (520) 
Apgar <7 (7) 
1 min 1 
5 min 0 
Umbilical artery pH 7.28 (7.17-7.35) 
UD time (3) 75.7 (22.9) 


Table 2 Maternal heart rate (HR) (mean (95 % CI)) before 
and after the first dose of bupivacaine solution. No significant 


differences between groups (ANOVA) 
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Maternal and newborn characteristics (mean (sp or range) or number). UD time = Uterine incision to delivery time 





Single-dose 
group (1 = 13) P 
31.5 (19-46) 0.40 
72.5 (10.2) 0.02 
161.8 (6.7) 0.66 
39.0 (0.9) 0.55 
3565 (503) 0.92 
0 
0 
7.30 (7.19-7.42) 0.26 
60.1 (16.4) 0.07 


Table 3 Uterine and umbilical artery PI values (mean (95% 
CI)) before and after the first dose of bupivacaine solution. No 
significant differences between groups (ANOVA) 


Fractionated-dose Single-dose 


group (n = 13) 


Uterine artery PI 
Before extradural block 0.76 (0.68-0.84) 


group (n = 13) 


0.83 (0.64-1.03) 


5 min after 0.88 (0.74-1.03) 0.91 (0.75-1.08) 
10 min after 0.83 (0.70-0.96) 0.93 (0.68-1.18) 
20 min after 0.84 (0.72-0.96) 0.94 (0.62-1.25) 
25 min after 0.82 (0.72-0.91) 0.86 (0.70-1.02) 


Umbilical artery PI 








Fractionated-dose Single-dose 
group (n = 13) group (n = 13) 
HR (beat min“) 
Before extradural block 77 (68-86) 79 (72-87) 
5 min after 73 (66-81) 77 (72-83) 
10 min after 79 (70-88) 75 (69-81) 
20 min after 75 (70-81) 73 (68-78) 
25 min after 81 (74-88) 73 (68-78) 
110 7 
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Figure 1 Mean (95% CI) percentage changes in maternal 
systolic arterial pressure (SAP) during the study. SAP 
decreased significantly in both groups after induction of 
extradural anaesthesia (* P < 0.05). B = Before extradural 
anaesthesia. Time = minutes after the first dose of bupivacaine. 
There were no significant differences between the single-dose 
(A) and fractionated-dose (W) groups. 


patient and used for later analysis. Administration of 
ephedrine and atropine did not result in any 
significant changes in individual uterine and um- 
bilical artery PI, and therefore all PI values were 
included in the subsequent analysis. Changes in 
mean PI values for uterine and umbilical arteries 
were not significant within or between groups (table 
3). One neonate in the fractionated-dose group had 
an Apgar score of 7 at 1 min. Apgar scores at 5 min 
were >8 and pH values in the umbilical artery 
2 7.17 (range 7.17—7.42) in all neonates in both 
groups (table 1). Sensory block was adequate for 
surgery in both groups. One patient in the 


Before extradural block 0.88 (0.75-1.02) 0.86 (0.77-0.95) 
5 min after 0.85 (0.75-0.95) 0.88 (0.76-0.99) 
10 min after 0.90 (0.79-1.00) 0.87 (0.80-0.94) 
20 min after 0.88 (0.81-0.96) 0.80 (0.73-0.87) 
25 min after 0.89 (0.80-0.98) 0.83 (0.72-0.93) 





fractionated-dose group required i.v. opioid (alfen- 
tanil) because of visceral pain during surgery. 
Median level of sensory block was T3 (range T2-5) 
in the single-dose group and T4 (T3-5) in the 
other group. This difference, although statistically 
significant (P = 0.021), was clinically irrelevant. 


Discussion 


Basic mean uterine and umbilical artery PI values 
observed in this study were in accord with previous 
findings in uncomplicated late pregnancies [15-18]. 
We did not measure PI before preloading as earlier 
studies have shown no difference in PI measured 
before and after preloading [7, 19, 20]. Under the 
conditions of this study, a total dose of 23 ml 
(115 mg) of 0.5% bupivacaine, given either as a 
single bolus or in fractionated doses via the extra- 
dural catheter, did not have any significant effect on 
maternal uterine and fetal umbilical artery PI, 
reflecting only minor changes in vascular resistance 
in these vessels. Other studies have also shown 
similar results after administration of 0.5% plain 
bupivacaine in fractionated doses [5, 6]. In those two 
studies, only one ultrasound recording was obtained 
after induction of extradural block, either when 
sensory block was at T5 [5] or at 40 min [6]. In this 
study, Doppler recordings were performed repeat- 
edly four times during establishment of extradural 
block. We were therefore able to also observe any 
transient changes in blood flow velocities and indices 
in these arteries. Giles, Lah and Trudinger [21] 


Single dose bupivacaine for extradural Caesarean section 


performed Doppler ultrasound measurements after 
preload and again at 15 and 30 min after extradural 
anaesthesia and observed a decrease in mean utero- 
placental and fetal umbilical blood flow resistance in 
eight healthy parturients. In their opinion, the 
decrease in flow resistance reflected improved per- 
fusion after maternal plasma volume expansion and 
extradural block. Patients in that study were 
examined in a semi-sitting (20°) position, however, 
which may possibly explain the difference in utero- 
placental perfusion, as that position may lead to 
altered responses in maternal circulation (e.g. venous 
return) compared with that in the supine position 
during extradural block. 

In contrast, Baumann and colleagues [16] observed 
an increase in uteroplacental PI after extradural 
anaesthesia, suggesting impairment of the utero- 
placental circulation. In that study, a second ultra- 
sound recording was obtained only once at 15 min 
after administration of two doses of 0.5% plain 
bupivacaine (7 ml each) preceded by a 3-ml test dose 
of 2% lignocaine with adrenaline. The dose of 
bupivacaine (14 ml) given before Doppler measure- 
ment was smaller than usual, and the increased 
resistance of the uteroplacental circulation was 
thought to be caused by decreased peripheral 
vascular resistance resulting in increased blood flow 
to the legs and subsequently a decrease in utero- 
placental perfusion pressure. Alahuhta and col- 
leagues [8] compared the effects of a single injection 
of 20ml of 0.5% plain bupivacaine and 0.5% 
ropivacaine on uteroplacental and fetal circulation 
and found a significant increase in placental and non- 
placental uterine artery PI, 5 min after adminis- 
tration of bupivacaine and when sensory block was at 
T6~T4. In that.study, a potential explanation for the 
increase in uterine artery PI after a bolus dose was a 
high bupivacaine concentration which caused vaso- 
constriction in the uterine arteries. In this study, 
bupivacaine was diluted with saline, however, and so 
the resulting concentration of local anaesthetic 
solution was probably lower than that in the former 
study [8]. The possible difference in concentrations 
may be one reason why we did not observe such an 
increase in PI after administration of bupivacaine. 
Thus it seems that there is variation between the 
results of several studies with regard to the effects of 
bupivacaine on vascular resistance in the uterine 
arteries. It is possible that the varied anaesthetic 
techniques and timings of Doppler measurements 
used in other studies [5, 6, 8, 16,21] may hinder 
interpretation and comparison of the different results 
obtained. 

Both groups in this study were almost comparable 
except for difference in weight and the level of 
sensory block achieved. These differences were 
clinically insignificant, however, and did not en- 
danger the reliability of the comparison of Doppler 
measurements between the groups. We found similar 
changes in maternal heart rate and systolic arterial 
pressure after administration of bupivacaine with 
both techniques. Maternal hypotension occurred to 
a similar extent in both groups and the total incidence 
of hypotension (23%) observed was comparable 
with that reported in previous studies using a single 
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bolus dose of bupivacaine [1, 2,8, 20]. Recently, 
Griffin and Reynolds [12] reported a high incidence 
of hypotension after injection of a 20-ml bolus of 
either 0.5% bupivacaine or 0.5 % ropivacaine, that is 
83 % (29/35) and 76 % (28/37), respectively. In that 
study, however, patients were preloaded with only 
500 ml of Hartmann’s solution before extradural 
block, while in studies with preloading volumes of 
crystalloid solution greater than 1 litre, a lower 
incidence of hypotension was observed [1, 8, 20]. 
However, a recent study showed the ineffectiveness 
of preloading in preventing maternal hypotension 
caused by spinal anaesthesia for Caesarean delivery 
[22]. Another possible explanation for the high 
incidence of hypotension observed by Griffin and 
Reynolds [12] may be a more rapid onset of 
sympathetic block after administration of 17 ml of 
local anaesthetic over 4 min. 

In previous studies, maternal and fetal plasma 
concentrations of bupivacaine measured after 
administration of a 20-ml bolus were less than toxic 
concentrations [4, 10, 23,24] and there was no 
change in the heart rate pattern of healthy fetuses 
[10]. An extradural injection of local anaesthetic may 
still result in toxic maternal and fetal plasma 
concentrations or total spinal anaesthesia because of 
accidental intravascular or intrathecal injection. 
Therefore, local anaesthetics must be given with care 
in order to avoid these potential and acute life- 
threatening complications. Neonatal outcome, as 
assessed by 5-min Apgar scores and umbilical artery 
pH values, was uneventful in this study and in 
accord with other studies using a single bolus of local 
anaesthetic for extradural Caesarean section [1, 8, 
10]. 
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Spinal anaesthesia with 0.25% hyperbaric bupivacaine for 
Caesarean section: effects of volume 


C. J. CHUNG, S. H. Bag, K. Y. CHAE AND Y. J. CHIN 


Summary 


To investigate the safety and efficacy of 0.25% 
hyperbaric bupivacaine for spinal anaesthesia in 
Caesarean section, we studied 60 parturients allo- 
cated randomly to one of three groups. According 
to the patient’s height, groups 1, 2 and 3 received 
3.2-3.6 ml (8-9 mg), 3.6-4.0 ml (9-10 mg) and 
4.0-4.4 ml (10-11 mg) of 0.25% bupivacaine in 
5% glucose, respectively. Subarachnoid injection 
was performed in the right lateral decubitus pos- 
ition, and parturients were then turned immediately 
supine with left uterine displacement. Mean spread 
of sensory analgesia was significantly higher in 
group 3 (T2-3) than in groups 1 and 2 (T4—5 in 
each group). Duration of sensory analgesia was 
significantly longer in groups 2 and 3 than in group 
1. Complete motor block of the lower extremities 
occurred in all patients but in only one in group 1. 
Onset time and duration of motor block were not 
significantly different between the three groups. 
The incidence of hypotension was significantly 
higher in group 3 (75%) than in groups 1 and 2 
(40% in each group). The efficacy of intraoperative 
analgesia was significantly greater in groups 2 and 
3 than in group 1. The incidence of patients 
requiring analgesics during operation was signifi- 
cantly lower in groups 2 (25%) and 3(10%) than in 
group 1 (70%). There was no difference in neonatal 
condition between the three groups. Spinal an- 
aesthesia with 3.6-4.0 ml of 0.25% bupivacaine in 
5% glucose was satisfactory for Caesarean section. 
(Br. J. Anaesth. 1996; 77: 145-149) 


Key words 


Anaesthetics local, bupivacaine. Anaesthetic techniques, sub- 
arachnoid. Anaesthesia, obstetric. 


Amylocaine is a drug used frequently for spinal 
anaesthesia in Caesarean section. However, this 
agent often fails to provide good maternal sensory 
block [1, 2]. Recently, bupivacaine has gained popu- 
larity in obstetric anaesthesia but 0.5% plain 
bupivacaine has been shown to be unreliable and 
produced occasional high block [3, 4]. Therefore, 
hyperbaric bupivacaine has been used more often 
than plain bupivacaine for spinal anaesthesia in 
Caesarean section. 

The total dose of bupivacaine is more important 
than volume or concentration of anaesthetic solution 
in determining spread of anaesthetic solution in the 


CSF [5-7]. However, the effect of volume of 
hyperbaric spinal anaesthetic solution injected may 
be additive to the effects of gravity, position and dose 
[8-10]. Almost all parturients given 0.5 % hyperbaric 
bupivacaine 7.5-10mg for spinal anaesthesia in 
Caesarean section required supplementary analgesia 
because of visceral pain during surgery [11, 12]. 
When hyperbaric bupivacaine 10-15 mg was used 
for spinal anaesthesia in Caesarean section, good 
sensory block developed and the incidence of 
supplementary analgesia was decreased [2, 12]. How- 
ever, the volume exceeded 3 mi in those cases. When 
0.25 % hyperbaric bupivacaine solution 10-15 mg is 
used for spinal anaesthesia in Caesarean section, the 
volume reaches 4—6 ml, which may influence spinal 
anaesthesia because of easily cephalad spread of local 
anaesthetic solution in CSF. 

The aim of this investigation was to assess the 
safety and efficacy of 0.25% bupivacaine in 5% 
glucose for spinal anaesthesia in Caesarean section. 
Sensory and motor block, haemodynamic changes, 
quality of intraoperative analgesia and complications 
were compared. 


Patients and methods 


We studied 60 term parturients, ASA I or II, chosen 
to have spinal anaesthesia for elective Caesarean 
section. The study was approved by the Hospital 
Ethics Committee and written informed consent was 
obtained from all patients at the preoperative visit. 
Parturients who had obstetric complications or 
evidence of fetal compromise were excluded. Hyper- 
baric bupivacaine solution 0.25% was made with 
the same volume of 0.5 % bupivacaine hydrochloride 
(Marcaine, Astra, Sweden) and 10% glucose mono- 
hydrate (Daehan Pharmaceutical Co., Seoul, Korea). 
The specific gravity of 0.25% bupivacaine in 5% 
glucose was 1.022 at 23°C. Patients were allocated 
randomly to one of three groups. Each group had 10 
mothers who were 156-160 cm tall and 10 mothers 
161-165 cm tall. Group 1 mothers (156-160 cm tall) 
were given 3.2ml of 0.25% bupivacaine in 5% 
glucose, and those 161—165cm received 3.6 ml. 
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In groups 2 and 3, the corresponding bupivacaine 
volumes were 3.6 and 4.0 ml, and 4.0 and 4.4 ml, 
respectively. All subarachnoid blocks were per- 
formed by one anaesthetist and data were collected 
by two registrars who were blinded to the solutions 
used. 

All parturients received ranitidine 10mg and 
glycopyrronium 0.2 mg i.m., 1 h before arrival in the 
operating room. All patients received an infusion of 
lactated Ringer’s solution 1000 ml over 10-20 min 
before induction. They were also given ephedrine 
40mg i.m. approximately 10min before sub- 
arachnoid injection. Subarachnoid injection was 
performed in the right lateral decubitus position 
with a 25-gauge Quincke spinal needle, using a 
midline approach at the L2-3 or L34 interspace. 
The predetermined volume of local anaesthetic was 
injected over 20-30s without barbotage. After 
subarachnoid injection, mothers were immediately 
turned supine with left uterine displacement. The 
parturient’s head was rested on a pillow. 

The spread of sensory block to pinprick was 
measured at 2-min intervals during the first 10 min 
and then at 5-min intervals. The degree of motor 
block of the lower extremities was also assessed at the 
same interval, using the modified Bromage scale: 0 
= no paralysis; 1 = unable to raise the extended leg; 
2 = unable to flex knee; 3 = unable to flex ankle. 
Maternal arterial pressure and heart rate were 
recorded every minute until delivery and every 
5 min thereafter, using an automated, non-invasive 
device (Sirecust 404, Simens, Germany). If hy- 
potension (systolic arterial pressure less than 
100 mm Hg or a 20% reduction in systolic arterial 
pressure) occurred, it was treated promptly by 
increasing uterine displacement and the rate of fluid 
administration. If hypotension persisted despite 
these measures, ephedrine 10 mg was given i.v. and 
repeated as needed. Oxygen was administered 
routinely by face mask at 6 litre min until the end 
of operation. When sensory block at or above T6 was 
established, surgery were commenced. The inci- 
dence and frequency of complications were noted. 

The efficacy of intraoperative analgesia was as- 
sessed by the following four categories: excellent 
= no discomfort during the procedure; good = mild 
discomfort but required no systemic analgesia; 
fair = pain that required additional analgesia; and 
poor = moderate or severe pain that needed more 
than fentanyl 100 ug or general anaesthesia. 

When the patient complained of pain, fentanyl 
50 ug was given i.v. and repeated as needed. I.v. 
midazolam 2.5 mg was administered if the patient 
requested to sleep after the birth of the baby. Lv. 
droperidol 0.625 mg was used to treat nausea or 
vomiting. The times of bupivacaine injection, start 
of surgery, delivery and termination of surgery were 
recorded. The condition of the neonates was assessed 
by Apgar score at 1 and 5 min after delivery. All 
mothers received oxytocin by continuous infusion 
after delivery. Return of sensory and motor function 
was assessed at 15-min intervals until complete 
recovery from anaesthesia. 

All data are expressed as number or mean (SD or 
range). The results were analysed using one-way and 


British Journal of Anaesthesia 


two-way ANOVA followed by Tukey’s test for 
parametric data, and the chi-square test with Yates’ 
correction, the Kruskall-Wallis followed by the 
Mann-Whitney U test for non-parametric data. P < 
0.05 was considered statistically significant. 


Results 


There were no statistically significant differences in 
mean age, weight, height and gestational age between 
the three groups (table 1). In four patients in group 
1, the spinal was converted to general anaesthesia 
10-15 min after delivery of the neonate because 
surgical anaesthesia was inadequate. These patients 
were excluded from further analysis of sensory and 
motor block. 

Onset and segmental spread of sensory analgesia 
are shown in figure 1. Cephalad spread of sensory 
analgesia was increased significantly with an increase 
in volume, and the differences between groups 1 and 
3 and between groups 2 and 3 were significant. Onset 
time of sensory analgesia to T6 was significantly 
faster in group 3 than in group 1. The mean maximal 
level of analgesia in group 3 (T 2-3) was significantly 
higher than that in groups 1 and 2 (T4—5 in each), 
and the times to achieve the maximal level were 
similar, with an average of 10-15 min between the 
three groups. Sensory analgesia at or above T6 was 
obtained in all patients, but sensory analgesia below 


Table 1 Patient characteristics (mean (sD or range)) 








Group 1 Group 2 Group 3 

(n = 20) (n = 20) (n = 20) 
Age (yr) 30.0 (23-34) 29.9 (25-35) 29.4 (24-36) 
Height (cm) 159.5 (2.4) 158.8 (2.2) 160.6 (2.7) 
Weight (kg) 65.0 (8.5) 65.6 (5.9) 68.4 (8.5) 
Gestation (weeks) 37.8 (0.9) 38.3 (0.8) 37.9 (2.1) 











Dermatome level 








f rT F rt E-E TEA 
0 2 4 6 8 10 15 30 60 90 120 150 180 


Time of injection (min) 


Figure 1 Onset and segmental spread of sensory analgesia after 
subarachnoid injection of 0.25% bupivacaine in 5% glucose for 
term parturients in group 1 (3.2-3.6 ml (@)), group 2 

(3.6-4.0 ml (W)) and group 3 (4.0—4.4 ml (A). *P < 0.05 vs 
group 1, ¢P < 0.05 vs groups 1 and 2. 
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Table 2 Comparison of times of onset and regression of 
subarachnoid block (mean (sp)). *P < 0.05 ws group 1 





Group 1 Group 2 Group 3 
(n = 16) (n = 20) (n = 20) 
Sensory block (min) 
Time to T6 7.7 (2.4) 6.9 (1.8) 5.5 (2.4)* 
Time to 
maximal level 13.8 (3.2) 12.7 (2.7) 11.9 (3.0) 
Regression time 
to T10 85.0 (15.3) 103.0 (14.3)* 108.5 (20.8)* 
Regression time 
to L5 164.0 (20.3) 185.5 (20.9)* 198.0 (26.8)* 
Motor block (min) 
Time to 
complete block 11.6 (3.7) 12.1 (3.2) 10.7 (3.7) 
Time to 
complete 
regression 122.0 (25.9) 137.3 (24.5) 142.2 (33.3) 
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Figure 2 Changes in maternal systolic arterial pressure (SAP) 
during the first 30 min after subarachnoid injection of 0.25% 
bupivacaine in 5% glucose for term parturients in group 1 
(3.2-3.6 ml (@)), group 2 (3.6-4.0 mi (HB)) and group 3 
(4.0-4.4 ml (A). C = Control. *P < 0.05 compared with 
control value in each group. 
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Figure 3 Changes in maternal heart rate during the first 

30 min after subarachnoid injection of 0.25% bupivacaine in 
5% glucose for term parturients in group 1 (3.2-3.6 ml (@)), 
group 2 (3.64.0 ml (I) and group 3 (4.0-4.4 ml (A)). 

C = Control. 


T4 was obtained significantly more in group 1 (70%) 
than in groups 2 and 3 (30 % and 10 %, respectively). 
Two patients in group 3 had a block up to C6 and 
C7, respectively. Total time for regression of sensory 
analgesia to T10 and L5 was significantly longer in 
groups 2 and 3 than in group 1 (table 2). 

Complete motor block of the lower extremities 
was obtained in all patients at an average time of 
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Table 3 Incision direction and surgical times (mean (sD) or 
number). Long/trans = Longitudinal/transverse 


Group 1 
(n = 20) 


Group 3 
(n = 20) 


Group 2 
(n = 20) 


Incision direction 
Long/trans 6/14 7/13 6/14 
Induction to operative 


start time (min) 16.6 (4.5) 16.5 (3.2) 15.9 (3.5) 
Induction to operative 
end time (min) 82.3 (9.3) 84.6 (10.3) 83.2 (8.1) 


Uterine incision to 


delivery time (s) 91.6 (23.2) 78.3 (33.0) 82.5 (26.7) 


Table 4 Efficacy of sensory block during surgery (number). 
*P < 0.05 vs group 1 


Group 1 Group 2* Group 3* 
Category (n = 20) (n = 20) (n = 20) 
Excellent 4 10 16 
Good 2 5 2 
Fair 9 5 2 
Poor 5 0 0 


10-13 min, except for one patient in group 1 
(Bromage scale 2). Duration of complete motor block 
was longer with an increase in volume, but this was 
not statistically significant (table 2). 

There were no significant differences in systolic 
arterial pressure and heart rate during the first 
30 min between the three groups (figs 2, 3). Com- 
pared with control preanaesthetic values, systolic 
arterial pressure was significantly decreased at 4 min 
in groups 1 and 2, and at 4 and 6 min in group 3. The 
percentage maximal decreases in systolic arterial 
pressure were 16.1 (9.9)%, 17.8 (10.1)% and 25.7 
(13.2) % in groups 1, 2 and 3, respectively, recorded 
4-6 min after induction of spinal anaesthesia. Hypo- 
tension developed in eight of 20 patients in group 1 
(40%), and six required i.v. ephedrine, compared 
with eight of 20 patients in group 2 (40%), and seven 
required i.v. ephedrine and 15 of 20 patients in 
group 3 (75%), and 14 required i.v. ephedrine. The 
incidence of hypotension and need for ephedrine 
were significantly greater in group 3 than in groups 
1 and 2. 

The various time intervals from induction of 
anaesthesia to end of surgery are shown in table 3. 
There were no significant differences in these times 
between the groups. 

No patient in any group complained of discomfort 
at incision from skin to the uterus. The efficacy of 
intraoperative analgesia was significantly greater in 
groups 2 and 3 than in group 1 (table 4). In group 1, 
only four patients (20%) were totally painless; 14 
patients (70%) required supplementary analgesia 
40-50 min after induction, four of whom required 
general anaesthesia about 10-15 min after delivery. 
Five patients in group 2 (25%) and two in group 3 
(10%) required supplementary analgesia 50-60 min 
after induction of spinal anaesthesia. 

Neonatal weight and Apgar scores at 1 and 5 min 
were similar between the three groups (table 5). The 
condition of the neonates was good. Two infants in 
group 3 had an Apgar score of 5 and 6, but more than 
8 at 5 min. 
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Table 5 Neonatal status (mean (sD)) 





Group 1 Group 2. Group 3 

(n = 20) (n = 20) (n = 20) 

Neonatal weight (kg) 3.3 (0.3) 3.2 (0.2) 3.4 (0.3) 
Apgar score 

1 min 8.3 (0.5) 8.4 (0.5) 8.2 (0.8) 

5 min 9.5 (0.4) 9.6 (0.3) 9.4 (0.7) 


Table 6 Intraoperative complications (number). t Patients in 
whom droperidol was used. *P < 0.05 vs groups 1 and 2 


Group 1 Group 2 Group 3 

(n = 20) (n = 20) (n = 20) 
Hypotension 8 8 15* 
Bradycardia 4 5 7 
Nausea/vomitingt 2 3 6 
Dyspnoea 1 2 4 
Transient headache 0 0 2 


The incidences of complications after spinal 
anaesthesia are shown in table 6. Complications 
occurred more in group 3 than in groups 1 and 2, but 
this was not significant. 


Discussion 


Our data indicated that 0.25% bupivacaine in 5% 
glucose could be used safely and effectively for spinal 
anaesthesia in Caesarean section. Lignocaine, amylo- 
caine and bupivacaine can be used for spinal 
anaesthesia in Caesarean section but some mothers 
who received amylocaine spinal anaesthesia needed 
supplementary analgesia because of intraoperative 
visceral pain [1, 2]. Recently, bupivacaine has gained 
popularity in obstetric anaesthesia for extradural and 
also spinal anaesthesia. Hyperbaric bupivacaine 
provided better intraoperative analgesia and pro- 
duced shorter duration of motor block than hyper- 
baric amylocaine [2]. 

Within the range of 7.5-12 mg of 0.5 % hyperbaric 
bupivacaine, similar levels of sensory block to T3 
occurred, despite the varying doses of drug injected, 
but the duration of sensory block was longer with the 
large than the small dose. Increasing the dose 
increased the intensity of motor block, but the 
duration of motor block was similar [11, 12]. In our 
study, increasing the dose increased the level and 
duration of sensory block, but the intensity and 
duration of motor block were similar between the 
three groups. : 

Several reports [5-7] have suggested that the total 
dose of bupivacaine is more important than volume 
or concentration of anaesthetic solution in deter- 
mining spread of anaesthetic solution in the CSF. 
The relationship between volume of anaesthetic 
injected for spinal anaesthesia and final level of block 
have not been defined clearly. Baricity determines 
primarily the spread of subarachnoid local anaes- 
thetic in the CSF. In recent studies of plain spinal 
infusion in pregnancy, final levels of block were 
similar with volumes and concentrations ranging 
from 3m! of 0.5% to 18ml of 0.083% plain 
bupivacaine [13-15]. However, increasing the vol- 
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ume administered into the subarachnoid space, 
especially in a hyperbaric solution, resulted in 
significantly greater cephalad spread [8-10]. The 
effect of volume of hyperbaric spinal anaesthetic 
solution injected may be additive to the effects of 
gravity, position and dose. High volumes of hyper- 
baric local anaesthetic solution may influence the 
spread of local anaesthetic in CSF and final biock. In 
the clinical dose range (10-15 mg) of 0.5% or 
0.75 % hyperbaric bupivacaine, the volume does not 
exceed 3 ml. When 0.25% hyperbaric bupivacaine 
solution is used, the dose of 10-15 mg reaches 
3.0-6.0 ml. The large volume itself may influence 
the spread of local anaesthetic in CSF and final 
block, especially in the narrow subarachnoid space of 
term parturients. In our preliminary study with 
5—6 ml of 0.25 % bupivacaine in 5 % glucose, sensory 
block occurred at the cervical level of dermatome in 
a few minutes after subarachnoid injection in all 
parturients. Severe hypotension developed and 
nausea or vomiting, dyspnoea, and transient head- 
ache occurred in all patients. 

The one cause limiting the choice of spinal 
anaesthesia for Caesarean section is the possibility of 
neonatal depression because of severe hypotension 
after spinal anaesthesia. Petersen and co-workers 
[12] reported incidences of hypotension in patients 
given 7.5-10 mg and 10-12.5 mg of 0.5 % hyperbaric 
bupivacaine solution of 24% and 26 %, respectively. 
In our study, despite adequate hydration and i.m. 
ephedrine before induction of spinal anaesthesia, the 
incidence of hypotension in the 4.0-4.4-ml group 
(75 %) was significantly greater than in the 3.2-3.6- 
rol and 3.6—4.0-ml groups (40 % in each group). The 
percentage maximal decrease in systolic arterial 
pressure and the incidence of patients requiring 
supplementary ephedrine were significantly greater 
in the 4,0-4.4-m] group than in the two other 
groups. The condition of the neonates, assessed by 
Apgar score, was good and similar in the three 
groups. Two neonates in the 4.0-4.4-ml group had 
an Apgar score of 5 and 6 at 1 min, respectively, but 
the scores at 5 min were more than 8. In these two 
neonates, maternal systolic arterial pressure de- 
creased transiently to 70 and 75 mm Hga few minutes 
after induction of spinal anaesthesia. A large volume 
of 0.25% hyperbaric bupivacaine solution could 
easily spread in a cephalad direction in CSF and 
influence sensory block and also sympathetic block. 
Therefore, simply increasing the volume of 0.25% 
hyperbaric bupivacaine solution to increase the 
dose must be considered for spinal anaesthesia for 
Caesarean section. 

It is generally accepted that sensory analgesia to at 
least the fourth thoracic dermatome is necessary for 
Caesarean section. However, despite seemingly ad- 
equate levels of sensory block regardless of the local 
anaesthetic used, many parturients required sup- 
plementary analgesia during exteriorization of the 
uterus and traction on the abdominal viscera [11, 
12]. In our study, all parturients experienced a block 
at or above T6 in sensory analgesia. Sensory block 
above T4 was obtained significantly more often in 
the 3.64.0-ml and 4.0-4.4-ml groups than in the 
3.2-3.6-ml group. No patient complained of dis- 
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comfort at incision from skin to the uterus. Petersen 
and co-workers [12] reported that similar spread of 
sensory block to above T3 developed in patients who 
received 7.5~10 mg and 10-12.5 mg of 0.5 % hyper- 
baric bupivacaine solution, but the use of a larger 
dose of bupivacaine resulted in a lesser frequency of 
moderate to severe visceral pain. In our study, the 
frequency of visceral pain and requirement for 
supplementary opioids were significantly less in the 
3.6-4.0-ml and 4.0-4.4-ml groups than in the 
3.2-3.6-ml group. 

A variety of ways have been tried to improve the 
quality of spinal anaesthesia during Caesarean sec- 
tion. Injecting larger doses of local anaesthetic can 
improve the quality of sensory block [12, 16]. In 
0.25% hyperbaric bupivacaine solution, increasing 
volume to increase the dose is not recommended 
because the large volume itself would cause cervical 
spinal block and severe hypotension. The addition of 
adrenaline [17], morphine [18] or fentanyl [19] to 
hyperbaric bupivacaine solution improved the qual- 
ity of bupivacaine intraoperative analgesia. In our 
study with 0.25% hyperbaric bupivacaine, a larger 
dose improved the quality of sensory analgesia, but 
the incidence of hypotension and its severity were 
greater with volumes exceeding 4.0 ml. 
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Spinal anaesthesia for Caesarean section: effect of Sprotte needle 


orientation 


K. S. James, S. M. STOTT, E. M. McGrapy, F. J. PEARSALL, W. T. FRAME 


AND D. RUSSELL 


Summary 


We induced spinal anaesthesia in 100 women 
presenting for elective Caesarean section with the 
mother in the right lateral position. Patients were 
allocated randomly to have the side eye of the 24- 
gauge Sprotte spinal needle pointing in one of four 
directions: group A, cephalad; group B, right 
lateral; group C, left lateral; group D, caudad. 
Isobaric bupivacaine 0.5% (2.5 ml) was injected 
over 30 s before the mother was placed supine with 
a 15° left lateral tilt. Onset time and height of the 
subsequent analgesic and anaesthetic blocks were 
assessed by a blinded observer. Onset of sensory 
block to T4 was significantly faster in group A 
(P = 0.001). There were no differences in final 
block height, incidence of hypotension, nausea and 
vomiting or ephedrine requirements. (8r. J. 
Anaesth. 1996; 77: 150-152) 


Key words 


Anaesthesia, obstetric. Anaesthetics local, bupivacaine. An- 
aesthetic techniques, subarachnoid. Equipment, needies. 


Spinal anaesthesia for Caesarean section avoids the 
maternal and fetal risks of general anaesthesia. Side 
effects associated with spinal anaesthesia include 
hypotension, nausea and post-dural puncture head- 
ache, all of which are more common in the parturient 
[1]. 

The incidence of post-spinal headache may be 
reduced by the use of pencil-point needles which 
have a lateral eye near the tip of the needle from 
which local anaesthetic emerges at an angle to the 
longitudinal line of the needle [2, 3]. This can be 
manipulated to produce “‘directional anaesthesia” in 
which spread of local anaesthetic solution in the 
cerebrospinal fluid (CSF) is affected by the direction 
in which the eye of the needle faces [4]. This may be 
a way of ensuring adequate sensory block for surgery 
when a single injection spinal technique is used. 

Directional spinal anaesthesia using a needle with 
a side lumen was first described by Kirschner in 
1932 [5]. Orientation of the eye of the 22-gauge 
Whitacre spinal needle has been shown to affect 
sensory block height in both obstetric [6] and general 
surgical patients [4]. When the eye of the needle 
faced caudad rather than cephalad, maximum height 


of sensory block was lower in general surgical 
patients [7]. It has been shown that solutions injected 
through a Whitacre needle exit at a 90° angle to the 
longitudinal axis of the needle [4]. The Sprotte 
needle has a larger eye than the Whitacre needle; it 
is not known if local anaesthetic leaves the Sprotte 
needle at the same angle as from the Whitacre 
needle. 

The aim of this study was to assess if the direction 
in which the eye of the Sprotte needle faces during 
injection of local anaesthetic solution affects the 
onset of sensory block for Caesarean section and the 
incidence of side effects. 


Patients and methods 


We studied 100 women undergoing elective 
Caesarean section with spinal anaesthesia, at 38—42 
weeks’ gestation, with a singleton pregnancy. 
Mothers less than 150 cm or more than 170 cm in 
height, or with babies displaying evidence of fetal 
compromise, or with oligo- or polyhydramnios were 
excluded. The study was approved by the hospital 
Ethics Committee and all patients gave written 
informed consent. 

Mothers received a preload of crystalloid solution 
15 ml kg"! and were then placed in the right lateral 
position. Spinal anaesthesia was induced with iso- 
baric bupivacaine 2.5 ml via a 24-gauge Sprotte 
needle at the L2-3 intervertebral space. Patients 
were allocated randomly to have the lateral eye of the 
needle facing in one of four directions: a = cephalad, 
b = right lateral, c = left lateral or d = caudad. 

When free flow of cerebrospinal fluid had been 
confirmed, 0.5% isobaric bupivacaine 2.5 ml was 
injected over 30 s and the woman placed immediately 
supine with a 15° left lateral tilt. The subsequent 
sensory block was assessed using loss of cold 
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sensation to ice by one of the authors, who was 
unaware of the direction of the needle eye; the first 
assessment was made 3 min after injection of local 
anaesthetic and then at 2-min intervals until sensory 
block stopped increasing. 

When loss of cold sensation had reached the fourth 
thoracic dermatomal level, sensory block was 
assessed with a 25-gauge needle for the anaesthetic 
level (no sensation to pinprick) and analgesic level 
(aware of pinprick but does not feel sharp). At this 
time the extent of sacral block was assessed. 

Non-invasive arterial pressure was measured at 2- 
min intervals. A reduction in systolic pressure to 
< 70% of the pre-spinal value or nausea, or both, was 
treated with ephedrine i.v. Administration of anti- 
emetics was recorded. Discomfort during Caesarean 
section was treated with increments of alfentanil 
0.25 mgi.v. All mothers were reviewed after op- 
eration and their satisfaction with the technique 
assessed using a 10-cm visual analogue score (VAS). 

A power calculation determined that a sample size 
of 80 women would be required to demonstrate a 
2.5-min difference in onset time of sensory block if 
the sp of onset time was 2.8 min (calculated from an 
earlier pilot study). This gave the study 80% power; 
an additional 20 women were studied in the event 
that study violations excluded women from analysis. 
Data were analysed using the Kruskal-Wallis test 
followed by the Mann-Whitney U test and chi- 
square test as appropriate (statistics package Minitab 
for windows version 9.2). 


Results 
Patient data were comparable (table 1). 


ONSET OF SENSORY BLOCK 


The Kruskal Wallis test showed a significant 
difference between groups; onset of sensory block to 
T4 measured by loss of cold sensation was faster 
when the eye of the Sprotte needle faced cephalad 
(group A) (P = 0.001). Mann-Whitney comparison 
showed that group A had a significantly faster onset 
of sensory block than all other groups (group B, 
P=0.0112, group C, P=0.0035 and group D, 
P=0.014). There were no significant differences 
between groups B, C and D in onset time. Median 
onset times ranged from 5 min in group A to 8 min 
in group D (table 2). 


Table 1 Patient data (median (interquartile range)) 
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Table 2 Time to development of suitable block for surgery 
(loss of cold sensation). Kruskal-Wallis, P = 0.001 


Group 
Onset time to T4 (min) A B C D 
Median 5.0 7.0 6.0 8.0 


(interquartile range) (3.0-5.0) (5.0-9.0) (5.08.5) (5.0-9.0) 





Table 3 Maximum block height (loss of cold sensation) 
(number of patients at each level). No significant differences 
(chi-square) 





Group 
A B C D 
< T4 0 0 0 0 
T4-T3 8 li 11 14 
2> T2 16 13 13 10 


Table 4 Anaesthetic and analgesic levels to pinprick when loss 
of cold sensation was at T4 (median (interquartile range)). No 
significant differences (Kruskal-Wallis) 


A B Cc D 


Anaesthetic block T6 T7 T7 T7 
(7-6) (86) (76) (8-6) 
Min-max block height T8-T5 TO-T5 TT5 T10-T5 
Analgesic block T5 T5 T6 T5 
G5) (65) (65) (65) 


Min-—max block height T6-T4 T7-T4 T7-T4 T8-T4 


All women developed adequate sensory block for 
surgery and there was no difference in final block 
height achieved between the groups, with maximum 
block height of T4-C6 (table 3). Although more 
women in the cephalad group developed sensory 
block above T1 (four patients compared with one 
each in both lateral groups and none in the caudad 
group) this was not significant. None of the women 
with a high block complained of respiratory 
symptoms. All mothers had satisfactory sacral block 
by the time sensory block had reached T4. 

The median difference between anaesthetic and 
analgesic sensory levels, measured immediately be- 
fore skin incision, was two dermatomes in all groups. 
Similarly, the median difference between analgesic 
and loss of cold sensation levels was two dermatomes. 
The maximum difference between anaesthetic and 
loss of cold sensation levels was six dermatomes 
(table 4). 











Group 
A B Cc D 
Age (yr) 32 31 30 30 
(28-34) (29-35) (25~33.5) (25-35) 
Height (cm) 160 161.5 
(158-163) (157.25-165.75)  (160~167.25) (157.25-166.75) 
Weight (kg) 74 74 74 72 
(70-77) (65-80) (69-83) (65.5-83) 
Gestation (weeks) 38 38 38 38 
(38-39) (38-39) (38-39) (38-39) 
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Table 5 Operative measures (number of patients) 


Group 





A(n=24) B(n=24) C(n=24) D(n=24) 





Antiemetics 6 5 4 7 
Alfentanil 3 5 4 3 
Ephedrine 21 15 15 18 

VAS for 

satisfaction 9.5 9.5 9.75 9.55 
(median (IQ)) (8.7-9.9)  (8.3-9.9)  (9.5~10) (8.6-9.8) 


HYPOTENSION 


The incidence of hypotension (a reduction in systolic 
pressure to < 70% of pre-spinal value) was high in 
all groups. There was no significant difference in the 
number of women requiring ephedrine or in the total 
dose they received. The incidence of nausea and 
antiemetic requirements was similar (table 5). 


MATERNAL SATISFACTION 


Small numbers of women in each group required 
supplementary analgesia at some time during op- 
eration and i.v. alfentanil was given (table 5). Upper 
levels of sensory block for those who did and did not 
require alfentanil were comparable. Maternal sat- 
isfaction with spinal anaesthesia, assessed by VAS, 
was high, regardless of Sprotte needle orientation or 
intraoperative analgesic requirements (table 5). 

No woman in the study developed post-dural 
puncture headache. 


Discussion 


We found that if the eye of a 24-gauge Sprotte needle 
faced cephalad during induction of spinal anaesthesia 
for Caesarean section, onset of sensory block was 
significantly faster than if it pointed caudad or 
laterally. Onset of sensory block was slowest when 
the needle eye faced caudad, although this was not 
significant. Although the difference in onset time was 
small (median 5 min in group A and 8 min in group 
D), it may be important when anaesthesia is required 
for emergency Caesarean section when a rapid onset 
of spinal anaesthesia may avoid general anaesthesia 
with its associated risks. 

All women developed adequate sensory block for 
surgery, regardless of needle orientation. As maxi- 
mum sensory block height was comparable in all 
groups, the distributions of local anaesthetic within 
the CSF were probably similar. 

For elective Caesarean section when the onset 
time of sensory block is less important, orientation of 
the Sprotte needle is probably irrelevant. However, 
this contrasts with a previous study in which it was 
found that spinal injection in the caudad direction 
failed to provide reliable anaesthesia for Caesarean 
section; 80% of women required adjunctive 
measures (e.g. Trendelenburg position) [6]. The 
method used in this study was different as a smaller 
volume (2 ml) of hyperbaric amethocaine (in 10% 
glucose) was injected at the L3—4 intervertebral 
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space over a shorter time interval of 15 s. We cannot 
conclude from our study that anaesthesia would be 
adequate if spinal injection was made in the sitting 
position or if hyperbaric bupivacaine was used. 

Although onset of sensory block was faster in 
group A, there was no corresponding increase in the 
incidence of hypotension or in ephedrine or anti- 
emetic requirements. This contrasts with an earlier 
study in which it was demonstrated that more 
ephedrine was required when there was rapid onset 
of sensory block [8]. More women in the cephalad 
group had sensory levels (loss of cold sensation) 
above T1; none had respiratory difficulties. 

A total of 15.6% of women required i.v. alfentanil 
for discomfort during operation, usually when the 
peritoneum was handled towards the end of surgery. 
The maximum dose given was 0.5 mg 
(incrementally) and requirements were comparable 
between groups. Satisfaction scores were excellent in 
all groups. It is unclear why women experience pain 
during Caesarean section despite apparently ad- 
equate regional anaesthesia. It has been suggested 
that if spinal opioids are not used, an anaesthetic 
block to T5 is required to prevent pain during 
Caesarean section under spinal anaesthesia [9]. While 
the anaesthetic level was below T5 in the majority of 
women (81 %) at the start of surgery in our study the 
level probably increased further during surgery, 
although this was not measured. Our study con- 
firmed that there is an area of differential sensory 
block at the upper end of a spinal anaesthetic, as 
described by Russell [9]. In general, anaesthetic 
levels are two dermatomes lower than analgesic 
levels, which are two dermatomes lower than loss of 
cold sensation levels. Confirmation of an adequate 
anaesthetic level is essential as the maximum 
difference between anaesthetic and cold sensation 
levels was six dermatomes when loss of cold sensation 
was measured at T4 before surgery. 
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Soft tissue anatomy within the vertebral canal in pregnant women 


Y. HIRABAYASHI, R. SHIMIZU, H. FUKUDA, K. SAITOH AND T. IGARASHI 


Summary 


To clarify pregnancy-induced changes in soft tissue 
anatomy within the vertebral canal, we have studied 
magnetic resonance (MR) images of the lumbar 
spine in three women. In each subject, T2-weighted 
axial MR images were obtained both before preg- 
nancy and at 32 weeks’ gestation, and the paired 
images were compared. The extradural venous 
plexus was engorged significantly in supine par- 
turients. In addition, the engorged extradural ve- 
nous plexus displaced the dura away from the wall 
of the vertebral canal in a posterior direction, which 
resulted in a decrease in the volume of the 
cerebrospinal fluid in the dural sac. These findings 
confirmed the long-held concept that the engorged 
extradural venous plexus in supine parturients 
decreases the effective capacity of the extradural 
and subarachnoid spaces. (Br. J. Anaesth. 1996; 
77: 153-156) 


Key words 


Anatomy, extradural space. Anaesthesia, obstetric. Pregnancy. 
Measurement techniques, magnetic resonance imaging. 


Obstruction of the inferior vena cava by the enlarged 
pregnant uterus impairs the return of venous blood 
from the legs and pelvis to the heart [1,2]. The 
collateral circulation includes the intraosseous ver- 
tebral veins, paravertebral veins and extradural 
venous plexus. Of these, the engorged extradural 
venous plexus is expected to decrease the effective 
capacity of the extradural and subarachnoid spaces 
[3—5], and parturients may require less anaesthetic 
agent for induction of extradural or spinal an- 
aesthesia. 

Although the engorged extradural venous plexus 
during pregnancy has been demonstrated well by 
radiological studies of the inferior vena cava [1, 2, 5], 
few objective data are available to confirm the 
decrease in the capacity of the extradural and 
subarachnoid spaces. Magnetic resonance (MR) 
imaging provides detailed information on soft tissue 
anatomy within the vertebral canal [6, 7]. To clarify 
pregnancy-induced changes in soft tissue anatomy 
within the vertebral canal, we performed MR 
imaging both before and during pregnancy in 
volunteers. 


Subjects and methods 


The Institutional Review Board approved our study 
and informed consent was obtained from three 
women aged 28, 30 and 31 yr. MR imaging examin- 


ations were performed twice in each subject: before 
pregnancy (non-pregnant) and at 32 weeks’ gestation 
(pregnancy). All MR images were obtained with the 
subject supine and with the legs extended. T2- 
weighted axial MR images of the second and third 
lumbar vertebrae were obtained using an MR 
imaging system (MRT-200/FXIII super version, 
Toshiba Corporation, Tokyo, Japan) operating at 
1.5 T with a single surface coil. Technical speci- 
fications included a repetition time of 3000 ms, echo 
time of 112 ms, slice thickness of 4mm, number of 
slices of 9 and a field of view of 15 cm. On each slice 
level, we compared the paired images (non-pregnant 
vs pregnancy) with each other in the same subject. 
Measurements obtained from MR images included 
the following: maximum distance between the 
anterior surface of the ligamentum flavum and the 
dura; area of the fat-filled posterior extradural space 
at the level of the intervertebral disc between the 
second and third lumbar vertebrae; and area of the 
dual sac at the level of the intervertebral disc between 
the second and third lumbar vertebrae. The areas 
were measured using a digital planimeter (KP-90N, 
Uchida Yoko, Ltd, Tokyo, Japan). 


Results 
ANATOMY IN NON-PREGNANT STATE 


The extradural space around the dura varied in 
shape and size depending on the longitudinal site of 
the axial slices. At the level of the intervertebral disc, 
the anterior extradural space was absent as the 
annular ligament of the disc was in direct contact 
wtih the dural sac (fig. 1a). The fat-filled posterior 
extradural space which was enclosed by the liga- 
mentum flavum, the articular capsule and the dura 
was present posteriorly. The fat in this space, 
appearing as a triangle, had a high signal and was 
uniform (white). The lateral and posterior extradural 
spaces were discontinuous, separated by areas of 
contact of the dura with the ligamentum flavum. At 
the level of the pedicles, virtually no contents were 
identified in the extradural space except veins 
anteriorly (fig. 2a). At the level of the lamina, the 
extradural space, which contained nerve roots, 
vessels and fat, opened up lateral to the dura (fig. 3a). 
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Figure 1 T2-weighted MR images showing an axial section through the L2~3 intervertebral disc before 
pregnancy (A) and at 32 weeks’ gestation (B). AA = Abdominal aorta, IVC = inferior vena cava, IVD = 
intervertebral disc, CE = cauda equina, SAP = superior articular process, IAP = inferior articular process, LF = 
ligamentum flavum, F = posteromedial extradural fat, AIVV = anterior internal vertebral vein. The anterior 
extradural space is absent as the annular ligament of the disc is in direct contact with the dural sac. During 
pregnancy, the anterior vertebral veins are engorged, particularly on both sides of the extradural space. The fat- 
filled posterior extradural space which is enclosed by the ligamentum flavum, the articular capsule and the dura 
remains unchanged during pregnancy. The fat in this space, appearing as a triangle, has a high signal and is 
uniform (white). 





Figure 2 T2-weighted MR images showing an axial section at the level of the pedicles of L3 before pregnancy 
(A) and at 32 weeks’ gestation (B). AA = Abdominal aorta, IVC = inferior vena cava, VB = vertebral body, P = 
pedicle, CE = cauda equina, AIVV = anterior internal vertebral vein. Virtually no contents are identified in the 
extradural space except veins anteriorly before pregnancy (A). The anterior vertebral veins are substantially 
engorged during pregnancy (B). 





Figure 3 T2-weighted MR images showing an axial section at the level of the lamina of L3 before pregnancy (A) 
and at 32 weeks’ gestation (8). AA = Abdominal aorta, IVC = inferior vena cava, VB = vertebral body, L = 
lamina, SP = spinous process, CE = cauda equina, AIVV = anterior internal vertebral vein. The engorged 
anterior internal vertebral veins displace the dura away from the wall of the vertebral canal in a posterior 
direction (B). 


the inferior vena cava was almost totally obstructed 
(figs 1B, 2B and 38). The extradural venous plexus 
With the parturient supine, the enlarged pregnant was substantially engorged. The engorgement was 
uterus pressed down the abdominal aorta and inferior noted in the anterior vertebral veins (figs 1B, 2B and 
vena cava against the vertebral body. In particular, 3p). The engorged anterior vertebral veins displaced 


CHANGES IN ANATOMY DURING PREGNANCY 


Extradural anatomy and pregnancy 


Table 1 Body weight and measurements in the three women 
before pregnancy (non-pregnant) and at 32 weeks’ gestation 
(pregnancy) 








Non-pregnant Pregnancy 
Weight (kg) 
Patient No. 1 53 60 
Patient No. 2 37 47 
Patient No. 3 45 51 
Ligamentum flavum—dura 
mater (mm) 
Patient No. 1 8 8 
Patient No. 2 5 5 
Patient No. 3 6 6 
Area of the posterior 
extradural space at L2-3 
(cm?) 
Patient No. 1 0.5 0.5 
Patient No. 2 0.3 0.3 
Patient No. 3 0.3 0.3 
Area of the dural sac at 1.2-3 
(cm?) 
Patient No. 1 1.8 1.5 
Patient No. 2 2.1 1.8 
Patient No. 3 13 Ll 


the dura away from the wall of the vertebral canal in 
a posterior direction (figs 2B and 38), which resulted 
in a decrease in the volume of cerebrospinal fluid in 
the dural sac. The fat-filled posterior extradural 
space remained unchanged during pregnancy (fig. 
1B). Measurements obtained are documented in 
table 1. 


Discussion 


Injection of a given dose of local anaesthetics into the 
extradural space or subarachnoid space produces 
more extensive segmental block in late pregnancy 
than at other times [3-5, 8]. Possible explanations for 
this increased sensitivity to regional anaesthesia 
include anatomical and hormonal changes associated 
with pregnancy [9-14]. 

The dural sac is enclosed completely by the rigid 
vertebral canal and tissues of the central nervous 
system are incompressible. Because the volume of 
the intradural contents remains unchanged, the 
volumes of blood and CSF within the vertebral canal 
must vary in inverse relationship to each other [5]. In 
the later stages of pregnancy the gravid uterus 
compresses both the inferior vena cava and ab- 
dominal aorta, whenever the gravida lies in the 
supine position [1, 2, 15]. Obstruction of the inferior 
vena cava diverts a proportion of the venous return 
from the legs and pelvic structure into the vertebral 
venous system, which is composed of three freely 
communicating valveless networks: intraosseous 
vertebral veins, paravertebral veins and the extra- 
dural venous plexus [16]. Of these, the engorged 
extradural venous plexus is expected to decrease the 
effective capacity of the extradural [3] and sub- 
arachnoid spaces [4,5]. These decreased spaces are 
considered to be one of the reasons for pregnancy- 
induced enhancement of regional anaesthesia. 

Examination of the soft tissue anatomy within the 
vertebral canal has been performed by radiographic 
methods such as extradurography [17], extradural 
venography [16, 18], myelography [5] and computed 
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tomography [19]. Because these radiographic 
examinations include fetal hazards for exposure to x- 
rays, changes in soft tissue anatomy during preg- 
nancy have not been investigated fully, although 
they are traditionally considered to influence sig- 
nificantly the spread of regional anaesthesia in par- 
turients. In contrast with radiographic examinations, 
MR imaging, without the use of x-rays, provides 
detailed information on soft tissue anatomy within 
the vertebral canal [6,7]. The signal intensity of 
circulating blood is extremely low on T2-weighted 
MR images, and hence not only large vessels but also 
small vessels can be identified without the use of 
contrast media. The intensity of CSF in the adjacent 
dural sac appears slightly higher than that of 
extradural fat. Thus T2-weighted MR images prov- 
ided quantitative data on the effective capacity of the 
extradural and subarachnoid spaces, 

The extradural venous plexus was engorged 
significantly in our supine parturients. In addition, 
the engorged extradural venous plexus displaced the 
dura away from the wall of the vertebral canal in a 
posterior direction, which resulted in a decrease in 
the volume of cerebrospinal fluid in the dural sac. 
These findings confirm the long-held concept that 
the engorged extradural venous plexus in supine 
parturients decreases the effective capacity of the 
extradural and subarachnoid spaces [3-5], and 
parturients may therefore require less anaesthetic 
agent for induction of extradural or spinal an- 
aesthesia. 

A surprising finding was that the fat-filled pos- 
terior extradural space remained unchanged during 
pregnancy, although the anterior and lateral extra- 
dural space significantly altered its feature. The 
extradural venous plexus is composed of two vertical 
channels, the anterior vertebral veins that course the 
length of the vertebral canal, hugging the backs of 
the vertebral bodies and intervertebral discs [16]. 
The anterior vertebral veins, consisting of medial 
and lateral components, lie medial to the pedicles 
and bulge laterally as they cross the intervertebral 
disc spaces. The findings observed in the MR images 
of our parturients were consistent with engorgement 
of the anterior vertebral veins. On the other hand, 
there is increasing evidence to indicate that the 
posterior vertebral veins are rudimentary or do not 
exist [16, 18, 20, 21], although anatomy texts always 
describe such a system [22-27]. Indeed, a review of 
1200 lumbar extradural venograms demonstrated 
that the posterior vertebral veins were not seen 
during venography [16]. Failure of the posterior 
extradural space to alter during pregnancy probably 
confirms the absence of a system of posterior 
vertebral veins. 

The number of subjects examined in this study 
was small. Within-subject comparison, however, 
made it possible to demonstrate clearly the 
pregnancy-induced changes in soft tissue anatomy 
within the vertebral canal in the later stages of 
pregnancy. In addition, we have demonstrated 
occlusion of the inferior vena cava in the supine 
position at 32 weeks’ gestation. This supports the 
recommendation that pregnant women, especially 
during the later stages of pregnancy, should never be 
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allowed to adopt the supine position, although our 
parturients did not complain of any discomfort 
during the examination. 
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Thrombelastography changes in pre-eclampsia and eclampsia 
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Summary 


We have measured platelet count, bleeding time 
and thrombelastography (TEG) variables and the 
correlation between these variables in 49 pregnant 
patients presenting with pre-eclampsia or eclamp- 
sia. Eighteen patients (37%) had a platelet count < 
150x109 litre- and seven (14%) had a platelet 
count < 7100x109 litre’. Bleeding time was pro- 
longed > 9.5 min in 13 (27%) patients and the TEG 
was abnormal in four (8%). The TEG variables, k 
time and maximum amplitude (MA) had a strong 
correlation with platelet count (k time—platelet 
count <150x10° litre’, r= —0.68, P = 0.003, 
platelet count <100x10° litre’, r=—0.84, 
P=0.02; MA—platelet count < 150 x 109 litre", 
r=0.72, P=0.001, platelet count < 100x 10° 
litre", r = 0.78, P = 0.04). There was no correlation 
between bleeding time and thrombocytopenia 
(platelet count < 150 x 109 litre“, r = —0.18, ns; 
platelet count < 100x109 litre’, r= 0.09, ns). 
There was no correlation between bleeding time 
and any measured TEG variable. Of the 10 (20%) 
patients with an adequate platelet count (> 
100 x 10° litre’) but prolonged bleeding time, the 
TEG was normal, suggesting adequate haemo- 
stasis. An MA of 53 mm, which is the lower limit 
for normal pregnancy, correlated with a platelet 
count of 54x 10° litre! (95% confidence limits 
40-75 x 10° litre-'). Although the number of 
patients with severe thrombocytopenia was small, 
a platelet count of 75x10° litre! should be 
associated with adequate haemostasis. (Br. J. 
Anaesth. 1996; 77: 157-161) 
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Blood, coagulation. Measurement techniques, thrombelasto- 
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eclampsia. 


Normal pregnancy is associated with an increased 
incidence of thrombocytopenia, with 6.6% of preg- 
nant women presenting with platelet counts less than 
150 x 10° litre! [1]. In addition, pre-eclampsia may 
complicate up to 12% of pregnancies and is often 
associated with abnormalities of haemostasis [2]. 
Although thrombocytopenia may occur in up to 
50% of patients with severe disease [3], clotting 
factors are rarely affected [4]. Platelet dysfunction 
may also be present as tests of platelet aggregation 
[5] and bleeding times may be abnormal [6], despite 
adequate platelet numbers. Parturients also fre- 
quently require extradural anaesthesia and despite 


the ready availability of platelet counts and co- 
agulation tests, the lower limit of platelet count at 
which safe regional anaesthesia can be performed is 
unclear. In addition, the relevance of platelet 
dysfunction and the usefulness of the bleeding time 
are uncertain. Thus there is a need for a specific, 
sensitive and rapid bedside test of haemostasis [7]. 

The thrombelastograph (TEG) is an on-site 
monitor that measures all phases of coagulation to 
clot retraction [8]. Its usefulness, compared with 
standard laboratory tests of coagulation, has been 
described during liver transplantation [9] and after 
cardiopulmonary bypass [10]. TEG changes in 
normal pregnancy and labour [11-13], and in pre- 
eclampsia [14, 15] have been reported. 

The aim of this study was first, to assess if the 
TEG could be used to detect haemostatic abnor- 
malities in patients with pre-eclampsia or eclampsia, 
as demonstrated by abnormal platelet counts and 
standard laboratory tests of coagulation; second, to 
determine if a correlation existed between any TEG 
variable and platelet count to determine a platelet 
count at which TEG variables become abnormal, 
thus enabling some guidelines for a lower limit of 
platelet count at which regional anaesthesia should 
be avoided; and third, to use the TEG to assess 
overall haemostasis in a group of patients with 
normal platelet counts but prolonged bleeding times. 


Patients and methods 


Approval for the study was obtained from the 
Professional and Ethics Standards Sub-Committee 
of the Faculty of Medicine, University of Natal. 
Informed consent was obtained from all patients, 
except those with eclampsia. Patients presenting to 
the delivery suite with a diagnosis of pre-eclampsia 
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or eclampsia were entered into the study. Mild pre- 
eclampsia was defined as a systolic pressure > 
140 mm Hg, diastolic > 90 mm Hg and proteinuria 
> 0.3 g litre’ (1 or 2+ using dipstick measurement). 
Severe pre-eclampsia was diagnosed by one or more 
of the following criteria: systolic pressure > 
160 mm Hg, diastolic pressure > 110 mm Hg or 
proteinuria > 5 g litre"! (3 or 4+). The diagnosis of 
eclampsia was based on a documented history of a 
recent convulsion in any patient presenting with 
other features of pre-eclampsia without any previous 
history of epilepsy and in whom no other cause for 
convulsions could be determined. Patients with a 
history of bleeding disorders or recent ingestion of 
antiplatelet medication within the previous week 
were excluded. 

After admission, arterial pressure was recorded 
and i.v. infusion of crystalloid started. Blood was 
sampled through a 19-gauge steel Butterfly needle 
using a three-syringe technique. The first sample 
was discarded, the second used for laboratory tests 
and the third sample used for TEG measurement. 
This last sample was obtained in a polypropylene 
syringe and transferred immediately to a poly- 
propylene tube from which 0.36 ml of whole blood 
was pipetted into the prewarmed cuvette of a 
thrombelastograph (Thrombelastograph D, Helige, 
Freiburg in Breisgau). The TEG was situated in the 
delivery suite facilitating rapid commencement of 
measurement and was performed in a standard 
manner. 

Bleeding time was measured using a modified Ivy 
technique with a disposable Simplate II (Organon, 
Durham) device on the lateral aspect of the volar 
surface of the forearm. Before incision a sphyg- 
momanometer cuff was inflated to 40 mm Hg and 
blotting paper was used every 30s to remove the 
blood without touching the edges of the incision. All 
bleeding time tests were performed by the same 
person (C.E.P.O.) and the TEG result was not 
available until completion of the bleeding time. 

The following laboratory tests were obtained: 
haematology (haemoglobin, platelet count and mean 
platelet volume (mpv)), biochemistry (urea, crea- 
tinine, calcium, magnesium, albumin and uric acid), 
coagulation tests (prothrombin time (PT), activated 
partial thromboplastin time (APTT), thrombin time 
(TT) and clotting factors (fibrinogen, antithrombin 
III, protein C, factors V and VIII, and fibrin 
degradation products). Platelet counts were mea- 
sured by automatic Coulter Counter. 

Patients were studied as soon as possible after 
admission to the obstetric unit and choice of 
prophylaxis against or pharmacological control of 
convulsions and management of hypertension was 
the decision of the attending obstetrician. 

Data were analysed using Pearson’s correlation 
coefficients. Spearman’s correlation was used if the 
groups were small (n < 10). Non-linear regression 
models were fitted to describe relationships between 
variables where appropriate. Patients were also 
evaluated further according to their platelet count: 
< 150 x 10° litre? or < 100 x 10° litre!. Values are 
expressed as mean (SD) and P < 0.05 was considered 


significant. 
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We studied 49 patients over a 3-month period. The 
study group comprised seven patients with mild pre- 
eclampsia, 33 with severe pre-eclampsia and nine 
with eclampsia. Of the 49 patients, 18 (37%) had a 
platelet count < 150 x 10° litre"! and seven of these 
(14% of total) < 100x109 litre!. Tests of co- 
agulation (prolonged PT and reduced fibrinogen) 
were outside the normal range in two patients. In 
both of these patients, platelet count was less than 
100 x 10° litre"! and the TEG was abnormal. The 
TEG was abnormal in another two patients (total 
8%), with MA reduced in all four. Three of these 
patients presented with the lowest platelet counts in 
the series (30, 36 and 59 x 10° litre'). The fourth 
patient had a platelet count of 286 x 10° litre", 
normal PT, APTT and fibrinogen, normal bleeding 
time but mpv was 7.4 fl (normal range 7.4-10.4 fl). 
The patient with a platelet count of 30 x 10° litre 
and reduced MA (43mm) also had prolonged r 
(10.5 min) and k (6.0 min) times but normal PT, 
APTT and fibrinogen. In addition to the reduced 
MA, k time (5.5 min) was prolonged in another 
patient with a prolonged PT (13 s). Laboratory data, 
TEG variables and bleeding times are shown in table 
1 and the number of patients with abnormal results 
according to platelet count are shown in table 2. 


Table 1 Haematology and clotting results, TEG variables and 
bleeding times for all pre-eclamptic and eclamptic patients, and 
normal pregnancy values. Results are mean (sD). No significant 
differences between the two groups 


Term 
Normal pre-eclampsia— 

Variable pregnancy eclampsia 
Haematology 

Haemoglobin (g dl~!) >10 10.9 (1.5) 

Platelet count 

(x 109 litre!) > 150 199 (90) 

Mean platelet volume (fl) 7.4-10.4 9.7 (1.5) 
Coagulation tests 

PT (s) 10.2 (0.6) 10.4 (0.9) 

APTT (s) 28.5 (3.1) 24.9 (3.6) 

Fibrinogen (g dl~!) 5.3 (1.0) 5.4 (1.4) 

Fibrin degradation products 

(ng mi~’) < 200 327 (682) 

Factor V (%) 109 (15) 105 (36) 

Factor VIII (%) 204 (46) 245 (129) 

ATIII (%) 98 (10) 83 (15) 

Protein C (%) 85 (12) 89 (29) 
Template bleeding time 

Bleeding time (min) 2.5-9.5 8.5 (4.7) 
TEG 

r time (min) 7.8 (0.9) 6.8 (1.0) 

k time (min) 3.3 (0.7) 3.1 (0.8) 

MA (mm) 59.7 (3.5) 61.7 (6.6) 





Table 2 Number of patients according to platelet count ( x 10° 
litre!) with corresponding abnormalities in TEG and bleeding 
time (BT). * This patient did not have an abnormal bleeding 
time 








No. MA <53mm BT>9.5 min 
Platelets < 50 2 2 1 
Platelets 50-100 5 1 2 
Platelets 100-150 11 0 5 
Platelets > 150 31 1* 5 
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Table 3 Correlation coefficients (P value) between platelet 
count (PC), fibrinogen, fibrin degradation products (XDP) and 
TEG variables (& time and MA). 








k (min) MA (mm) 
Platelet count 
All patients (n = 49) —0.37 (0.009) 0.35 (0.01) 
PC < 150 x 10° litre — 0.68 (0.003) 0.72 (0.001) 
(n = 18) 
PC < 100 x 10° litre"! —0.84 (0.02) 0.78 (0.04) 
(n=7) 
Fibrinogen 
All patients (n = 49) —0.35 (0.02) 0.50 (0.0003) 
PC < 150 x 10° litre"! — 0,60 (0.01) 0.72 (0.001) 
(n = 18) 
PC < 100 x 109 litre! —0.69 (0.08) 0.86 (0.01) 
(n= 7) 
XDP 


All patients (n = 49) 
PC < 150 x 10° litre} 
(n = 18) 


0.54 (0.0001) —0.52 (0.0001) 
0.57 (0.02) 


—0.67 (0.003) 


MA (mm) 








T 
0 100 200 300 400 
Platelet count (x 10° litre”') 


Figure 1 Scattergram of maximum amplitude (MA) of the 
thrombelastograph ws platelet count. The equation MA = 
63.9 x (1 exp (— 0.033 platelets)) represents a negative 
exponential curve of best fit which has been calculated using a 
non-linear regression procedure. 


Drug therapy (number of cases) at the time of 
evaluation included methyldopa (30), dihydralazine 
(22), nifedipine (8), diazepam (7), phenobarbitone 
(22), magnesium (10) and dexamethasone (8). 

Correlation coefficients between platelet counts, 
fibrinogen and fibrin degradation products, and 
TEG variables, k time and MA, are shown in table 
3; none of the above correlated with r time. There 
was no significant correlation between any TEG 
variable and PT, APTT, TT, factors V and VIII, 
antithrombin III, protein C, and serum concen- 
tration of urea, creatinine, calcium, magnesium and 
albumin. 

There was a strong correlation between the 
TEG variables, k time and MA, and platelet count 
(k time—platelet count < 150 x 10° litre}, r = — 0.68, 
P=0.003, platelet count <100x10° litre’, 

= — 0.84, P = 0.02; MA~platelet count < 150 x 10° 
litre™!, r=0.72, P=0.001, platelet count < 
100 x 10° litre“! r = 0.78, P = 0.04). Figure 1 shows 
a “hockey stick” relationship between MA and 
platelet count for all 49 patients. However, this 
relationship was linear for those seven patients with 
a platelet count < 100 x 10° litre. An MA of 53 mm, 
which is our lower limit for normal pregnancy (table 


159 


_ 204 è 
& è 
E ° 
E ‘3 ae mY 
aioe 
10 e e m 
e e ese ee be 2°. e ee C6 
e eo @ %e ote 
ry 





Platelet count (x 10° litre") 


Figure 2 Scattergram of bleeding time (BT) vs platelet count. 
There was only a weak (r = 0.41, P = 0.003) correlation 
between the two variables. 


1), correlated with a platelet count of 54 x 10° litre=! 
(95% confidence limits 40-75 x 10° litre) (fig. 1). 
For all patients, there was a weak but significant 
negative correlation between bleeding time and 
platelet count (r = —0.41, P = 0.003), but no sig- 
nificant correlation in those patients with a platelet 
count < 150x 10° litre! or those with a platelet 
count < 100x 10° litre? (r = — 0.18 and 0.09 res- 
pectively) (fig. 2). Bleeding time was prolonged in 13 
(27%) patients. In those with a platelet count 
> 100 x 10° litre!, 10 (20%) patients had prolonged 
bleeding times despite a normal TEG. There was no 
correlation between bleeding time and any TEG 
variable (r time =—0.18, k time =0.24, MA = 
—0.26). 


Discussion 


Platelet counts less than 150 x 10° litre"! have been 
reported in 6.6% and less than 100 x 10° litre~! in 
1.2% of pregnant women in a study of more than 
15000 deliveries [1]. The major causes were in- 
cidental thrombocytopenia of pregnancy (74%) and 
hypertensive diseases of pregnancy (21%). Severity 
of pre-eclampsia is an important determinant of the 
effect on platelets, with thrombocytopenia in up to 
50% with severe disease [3]. Because coagulation 
factors are rarely reduced and only in the presence of 
thrombocytopenia, platelet count is a good screening 
test, with tests of coagulation reserved for those with 
reduced platelets [4]. These tests are generally 
available in most hospitals, but in practice time taken 
for these results to be available can vary enormously. 
However, the lower limit of platelet count at which 
regional anaesthesia can be performed safely is not 
clear, the importance of platelet dysfunction in pre- 
eclampsia is uncertain and the clinical relevance of 
bleeding time has been questioned [16]. Thus a 
machine that assesses haemostasis easily and rapidly 
in the delivery suite might not only be useful as a 
screening device but also may provide further 
information on overall clot formation in patients 
with reduced platelet counts or those at risk from 
platelet dysfunction. 

The TEG is useful as it is compact, easily located 
within the delivery suite, relatively easy to use and 
produces initial results within 30 min. 
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The TEG measures whole blood clotting and the 
interaction between the protein coagulation cascade, 
fibrinogen and the platelet surface, from initiation of 
clotting to the final stages of clot lysis or retraction 
[8]. Thus the TEG has been found to be particularly 
useful during liver transplantation [9] and after 
cardiopulmonary bypass [10]. 

In normal pregnancy, reports of changes in the 
TEG are similar to normal values and are consistent 
with the hypercoagulable changes in pregnancy [12]. 
TEG changes of hypocoagulability have been de- 
scribed in a group of patients with severe pre- 
eclampsia, reduced platelet count and increased 
aspartate aminotransferase (AST) concentrations 
[14]. The TEG was used to diagnose and sub- 
sequently treat two episodes of haemorrhage in a 
patient with HELLP syndrome where conventional 
tests of coagulation were unhelpful [17]. Its use in 
three non-obstetric patients, with potential hae- 
mostatic abnormalities before regional anaesthesia, 
has also been described [18]. The TEG was used to 
assist risk of bleeding in a patient with idiopathic 
thrombocytopenic purpura with a reduced platelet 
count who underwent uneventful extradural an- 
aesthesia [19]. 

In our small series, the TEG performed satis- 
factorily as a screening test compared with platelet 
count and laboratory tests of coagulation (PT, APTT 
and fibrinogen). MA was reduced in four patients. 
Three of these had the lowest platelet counts of the 
series. In the fourth patient, although platelet count 
appeared adequate, mean platelet volume (mpv) was 
7.4 (normal pregnancy 7.4-10.4 ff). As mpv is 
increased in patients with pre-eclampsia [20], mpv 
was low for this patient. Platelet aggregation to 
ADP, collagen or adrenaline is directly proportional 
to platelet volume [21] and in thrombocytopenic 
patients, reduced mpv has been shown to be 
associated with an increased incidence of bleeding 
episodes [22]. As the TEG has been shown to 
correlate with platelet aggregation after cardio- 
pulmonary bypass [23], the reduced MA is best 
explained by platelet dysfunction associated with 
smaller platelets. 

Abnormalities of coagulation were rare in our 
study and in keeping with the findings of others that 
prolongation of the PT and APTT is seen only in 
those in whom platelet count is less than 100 x 10° 
litre! [4]. In our series, PT was slightly. prolonged in 
two patients and associated with an abnormal TEG. 
TEG variables reflect the interdependence of plate- 
lets and clotting factors because the TEG is 
determined in whole blood, unlike laboratory tests 
which measure isolated aspects of coagulation in 
plasma. This is clearly illustrated in one patient with 
a platelet count of 30 x 10° litre"! and reduced MA. 
Both r and k times were prolonged but PT and 
APTT were normal. Platelet phospholipid is necess- 
ary for the activation of factor X and prothrombin, 
and in the presence of a very low platelet count, the 
clotting cascade is affected, resulting in prolonged r 
and k times. In contrast, as phospholipid substitute 
is added during laboratory measurements, PT and 
APTT were normal. Our findings of a correlation 
between fibrin degradation products and MA and k 
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are consistent with the documented inhibitory effects 
of fibrin degradation products on the conversion of 
fibrinogen to fibrin [24]. 

The 37 % incidence of thrombocytopenia (platelet 
count < 150 x 10° litre!) in our patients with severe 
pre-eclampsia/eclampsia is similar to other studies: 
34% in a group of patients with severe disease [25] 
and 20% in a group with both mild and severe 
disease [6]. Unfortunately, there are no clear guide- 
lines in the literature on the safe level of platelet 
count at which extradural anaesthesia can be per- 
formed safely. In this study, none of the patients 
with a platelet count less than 100 x 10° litre, a 
prolonged bleeding time or an abnormal TEG 
received a regional anaesthetic. 

Anaesthetists are reluctant to perform an extra- 
dural block in patients with platelet counts less than 
100 x 10° litre! [26], although a limit of 80 x 10° 
litre has been suggested [27]. Our overall finding of 
a low correlation between TEG variables and platelet 
count has been reported previously in pregnant [12] 
and non-pregnant subjects [28]. This finding is not 
surprising as the TEG, by measuring overall clot 
strength, would be expected to remain relatively 
constant over a wide normal range of platelets. 
However, it is only when platelet numbers start to 
decrease to below a critical level that any linear 
relationship between TEG variables (k and MA) and 
platelet count is seen. Although the number of 
patients with a platelet count < 100 x 10° litre! in 
our series was small, we have calculated that a 
platelet count of 54x 10° litre! is associated with 
adequate TEG derived clot formation (95% confi- 
dence limits 40-75 x 10° litre"). As the upper limit 
of our 95% confidence interval for this relationship 
is a platelet count of 75 x 10° litre!, we conclude that 
patients with pre-eclampsia with platelet counts 
greater than this should not have regional anaesthesia 
denied to them. In another series of patients with 
severe pre-eclampsia, TEG was normal in three 
patients with a platelet count of 50-100 x 10° litre"! 
[14]. Thus there is increasing evidence that regional 
anaesthesia is not contraindicated in patients with 
platelet counts as low as 75 x 10° litre"). At this time 
and because we do not have sufficient data, we 
cannot recommend that the TEG be used in isolation 
from an automated platelet count in deciding 
whether or not to use regional anaesthesia in a 
patient with severe pre-eclampsia. However, this is 
unlikely to happen because of the ready availability 
of automated platelet count machines. As more units 
obtain TEG machines we shall be able to assess more 
adequately the value of the TEG in conjunction with 
platelet count. 

Bleeding time has been described to test for 
adequacy of haemostasis in those with reduced 
platelets [27,29]. We found this test particularly 
unhelpful. One patient with a platelet count of 
30 x 10° litre"!, reduced fibrinogen, prolonged PT 
and abnormal TEG had a bleeding time of only 
4min. We were unable to demonstrate any cor- 
relation between platelets and bleeding time in those 
with a platelet count < 100 x 10° litre, in contrast 
with a study by Ramanathan and colleagues who 
reported a correlation of —0.76 in this group [6]. 
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Platelet function is altered in pre-eclampsia and in 
vitro platelet aggregation may be reduced despite the 
presence of a normal platelet count [5]. Bleeding 
time has been used to test for this platelet defect and 
has been found to be prolonged in 34% of patients 
with severe pre-eclampsia and a platelet count > 
100 x 10° litre"! [6] and in 25 % with a platelet count 
> 150 x 10° litre! [25]. In our patients with severe 
pre-eclampsia, 20% had a prolonged bleeding time 
in the presence of a platelet count > 100 x 10° litre™!, 
yet the TEG was normal. The TEG is sensitive to 
qualitative abnormalities of platelets and a significant 
positive correlation between MA and platelet ag- 
gregation and collagen and adenosine diphosphate 
after cardiopulmonary bypass has been demon- 
strated [23]. Based on our findings, excluding these 
patients for regional anaesthesia is inappropriate. 

Because im vivo, clotting occurs on cell surfaces 
rather than in plasma, the TEG performed on whole 
blood may provide a better indicator of the dynamics 
of clot formation than standard laboratory tests of 
coagulation which are measured in plasma. However, 
in vivo, haemostasis begins with platelet adhesion to 
the damaged vessel wall, and the TEG cannot 
measure this initial interaction between platelets and 
vascular endothelium. As a result, if the platelet 
defect is caused by interference with the normal 
interaction between platelets and vascular endo- 
thelium, then the TEG is unable to detect this effect, 
as occurs in uraemic patients or patients receiving 
aspirin [30]. Pre-eclampsia is associated with en- 
dothelial damage, impaired production of prosta- 
cycline and increased deposition of fibrin within the 
vascular bed. The TEG does not measure these local 
changes, but can be used to determine the effects on 
overall clotting associated with reduced platelet 
counts. 
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Alfentanil-mediated analgesia during propofol injection: 


no evidence for a peripheral action 


I. J. WRENCH, K. J. GIRLING AND G. J. HOBBS 


Summary 


We have investigated if alfentanil acts via peripheral 
opioid receptors to relieve the pain which occurs on 
injection of propofol. Thirty seconds before in- 
duction of anaesthesia and immediately after a 
tourniquet at 50 mm Hg greater than systolic press- 
ure was inflated on the upper arm, patients were 
given either placebo (n = 22), alfentanil 1 mg (a = 
22) or lignocaine 40mg (n = 22) via an iv. 
cannula in the dorsum of the hand. Pain during 
injection of propofol was assessed using a three- 
point verbal rating scale, recorded at 8-s intervals. 
We found a significant reduction in pain after 
lignocaine compared with the two other groups 
(P < 0.001), but there was no difference between 
the placebo and alfentanil groups. We conclude that 
alfentanil does not relieve pain on injection with 
propofol via an action on peripheral opioid recep- 
tors when alfentanil is limited to the forearm for 30 s 
before induction of anaesthesia. (Br. J. Anaesth. 
1996; 77: 162-164) 
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Recent work suggests that opioid analgesia may be 
mediated, at least in part, via peripheral opioid 
receptors [1]. Prior administration of alfentanil is 
known to reduce the pain that occurs after an 
injection of propofol [2]. In a recent study alfentanil 
was given 15s before propofol [3]. Significant 
analgesia was demonstrated approximately 30 s after 
administration of alfentanil. This rapid onset of 
analgesic effect is inconsistent with other pharmaco- 
dynamic data [2,4] for alfentanil. This may be 
explained by alfentanil acting, at least partially, on 
peripheral opioid receptors. In this double-blind, 
placebo-controlled study, we have further investi- 
gated this phenomenon by pretreatment with alfen- 
tanil in the presence of a tourniquet. We also 
compared the efficacy of alfentanil with lignocaine, 
an agent which acts locally to prevent propofol- 
induced pain [5]. 


Patients and methods 


After obtaining Ethics Committee approval and 
informed consent, we studied 66 patients. Patients 
were ASA I-II, aged 18-65 yr, undergoing elective 


day-case surgery and were unpremedicated. After 
transfer to the anaesthetic room, non-invasive moni- 
toring was commenced and a 22-gauge i.v. cannula 
sited in the dorsum of the non-dominant hand. 
Patients were allocated randomly using a sealed 
envelope technique to one of three groups (n = 22 in 
each group): group 1 received normal saline, group 
2 alfentanil 1 mg and group 3 lignocaine 40 mg. A 
tourniquet was applied to the non-dominant arm, 
the cuff inflated to 50 mm Hg greater than systolic 
arterial pressure and the pretreatment dose injected 
in a total volume of 2 ml. All solutions were prepared 
by the same investigator (I.W.) who did not assess 
pain. Thirty seconds after the pretreatment bolus, 
the tourniquet was deflated and propofol 10 mg mI"! 
was infused at a rate of 1200 ml h™ using a Graseby 
3400 infusion pump. Patients were then asked by a 
blinded second investigator (K.G.), to assess any 
discomfort in the arm below the level of the 
tourniquet at 8-s intervals using a three-point verbal 
rating scale (none, mild, severe) until loss of con- 
sciousness. The time taken to induce anaesthesia, 
and the volume of propofol required, were noted. 

Statistical analysis was by ANOVA and chi- 
square, as appropriate, with P < 0.05 as significant. 
Previous work has indicated that alfentanil reduces 
the pain of injection of propofol by at least 50% [2]. 
On this basis 22 patients were needed in each group 
to confer a power of 0.9 at a P value of 0.05. 


Results 


The three groups were similar in age, weight and sex 
distribution, with no significant differences for 
duration of induction of anaesthesia. The dose of 
propofol given was significantly smaller in those who 
received alfentanil than in the two other groups 
(table 1). 

Pain reported by patients in the three groups is 
shown in table 2. When considering the worst pain 
for each patient throughout the study, there was 
significantly less pain reported by patients who were 
given lignocaine before propofol compared with the 
two other groups (P < 0.001) (table 3). There was no 
difference in pain between patients who received 
alfentanil and placebo (table 3). 
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Peripheral action of alfentanil before propofol 


Table 1 Patient data, volume of propofol given and time taken 
to induce anaesthesia (mean (sD or range) or number). The only 
significant difference between groups was the volume of 
propofol used in the alfentanil group (*P < 0.05) 





Saline Alfentanil Lignocaine 
group group group 
Age (yr) 34.18 (17-55) 33.95 (18-52) 33.36 (23-46) 
Sex (M: FP) 1:19 1:19 2:18 
Weight (kg) 61.53 (12.9) 65.60 (8.7) 64.10 (9.7) 
Propofol (ml) 18.70 (2.2) 16.52 (2.3)* 18.90 (3.1) 
Induction 
time (s) 50.10 (6.2) 45.68 (6.0) 50.90 (10.2) 


Table 2 Number of patients who were asleep or reporting 
none, mild or severe pain at 8-s intervals during induction of 
anaesthesia with propofol. Each column shows the distribution 
of the 22 patients at each time 








Time (s) 
8 16 24 32 40 48 56 64 

Saline (n = 22) 

Asleep 0 0 0 O 2 I 20 22 

None 13 8 7 8 8 6 1 0 

Mild 7 8 8 7 7 1 0 90 

Severe 2 6 7 7 5 4 1 0 
Alfentanil (n = 22) 

Asleep 0 0 0 7 15 22 22 

None ll il 11 12 8 5 0 90 

Mild 4 5 8 7 6 2 0 0 

Severe 5 6 3 3 1 0 0 0 
Lignocaine (n = 22) 

Asleep 0 0 0 0 4 9 18 22 

None 22 22 21 #21 16 «Il 3 O 

Mild 0O 0 1 1 2 2 1 0 

Severe © 0 0 0 0 0 0 0 


Table 3 Worst pain reported by patients in each group after 
injection of propofol. Patients in the lignocaine group reported 
less pain than the two other groups (P < 0.001) 


Saline Alfentanil Lignocaine 
group group group 
(n = 22) (n = 22) (n = 22) 
None 7 11 20 
Mild 7 4 2 
Severe 8 7 0 
Discussion 


The use of propofol for induction of anaesthesia is 
common and has been shown to be associated with 
pain in up to 84% of patients [3]. Many different 
factors have been associated with this phenomenon, 
including the temperature of the solution [6], size of 
the vein and speed of injection [7]. It has been shown 
that both lignocaine and alfentanil are effective in 
reducing the discomfort caused by propofol [2, 5] 
and that lignocaine has its maximum effect when 
given as pretreatment with a venous tourniquet 
occluding the proximal part of the arm [8]. 
Fletcher, Seavell and Bowen gave a bolus of 
alfentanil 15 s before induction of anaesthesia with 
propofol and showed a reduction in pain from 84% 
to 36% [3]. This difference started to become 
apparent 31s after alfentanil has been given. This 
rapid onset of action conflicts with the published 
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pharmacodynamic data of a half-time for access of 
alfentanil to the central biophase of 54s [4] and a 
peak onset time of 90-120 s [2]. We designed this 
study to see if this discrepancy might be explained in 
part by alfentanil acting via peripheral opioid 
receptors to relieve the pain on injection of propofol. 
Peripheral opioid receptors have been identified in 
both animals and humans [9,10]. Their physio- 
logical function is unclear, although it has been 
suggested that they may play a role in the inflam- 
matory response [1] and recent work has suggested 
that both morphine and pethidine may relieve pain 
via peripheral opioid receptors when injected into 
the knee after arthroscopy [11]. 

In this study we were careful to control for 
cannula size and the temperature and rate of infusion 
of propofol. We included a group pretreated with 
lignocaine and a placebo group as we wished to 
compare the effects of an agent which is known to act 
locally, with any peripheral effect of alfentanil. 

The incidence of pain in our saline and lignocaine 
groups supports the findings of a previous study 
where a venous tourniquet was used [8]. The 
combination of a tourniquet with lignocaine renders 
this a highly effective method for relieving the pain 
of injection of propofol, as Mangar and Holak 
demonstrated in their work. In our study, two 
patients in the lignocaine group complained of mild 
pain in the upper arm at 40 s (table 2) and it may be 
that to totally prevent pain it is necessary to use a 
larger volume of injection. 

The statistically significant finding of reduced 
dose of propofol in the alfentanil group compared 
with those who received saline and lignocaine was 
not unexpected as Wall and Zacharias demonstrated 
a similar finding in their study [2]. Although not 
statistically significant, seven patients being asleep at 
40 s in the alfentanil group compared with four in 
the lignocaine group and two in the saline group at 
the same time, makes our results more difficult to 
interpret, however, there are several interesting 
observations. The worst pain reported by patients 
receiving alfentanil confined to the forearm using an 
arterial tourniquet was comparable with those who 
received saline. This contrasts with the finding that 
alfentanil used without a tourniquet does relieve 
propofol pain [2, 3], suggesting that alfentanil acts 
solely at central opioid receptors. Examining our 
results more closely (table 2), there may be a 
reduction in the incidence of pain in the alfentanil 
compared with the saline group from 24 s onwards, 
as there were four fewer patients with severe pain 
(four more with no pain) at both 24 and 32s. 
However, if this was the result of a peripheral opioid 
effect, we would have expected to also detect a 
difference between groups at earlier times having 
already pretreated the forearm with alfentanil for 
30s. 

There are no data to indicate the time for alfentanil 
to access a potential peripheral biophase. We accept 
that 30s may be too short a time for alfentanil to 
achieve this. However, if a peripheral opioid action 
contributed to the analgesia observed by Fletcher, 
Seavell and Bowen at 30s, we anticipated repro- 
ducing the effect by confining alfentanil to the arm 
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for this time before injection of propofol. Increasing 
tourniquet time results in greater discomfort in the 
patient’s arm and ethical considerations limited us to 
this time period for our initial study. However, the 
rapid onset time of alfentanil found by Fletcher, 
Seavell and Bowen is inconsistent with known 
pharmacodynamic data, as stated above. One ex- 
planation could be that when given as a rapid bolus 
the half-time for access to the central biophase is 
actually less than 54 s, and with a relatively mild pain 
stimulus, lower concentrations of alfentanil are 
required at receptors to provide adequate analgesia. 
It is also possible that we have used an inappropriate 
opioid and further studies might examine the use of 
more potent or lipid soluble opioids. 


References 


1. Stein C. Peripheral mechanisms of opioid analgesia. Anes- 
thesia and Analgesia 1993; 76: 182-191. 

2. Wall RJ, Zacharias M. Effects of alfentanil on induction and 
recovery from propofol anaesthesia in day surgery. Anaes- 
thesia and Intensive Care 1990; 18: 214-218. 

3. Fletcher JE, Seavell CR, Bowen DJ. Pretreatment with 


10. 


li. 


British Journal of Anaesthesia 


alfentanil reduces pain caused by propofol. British Journal of 
Anaesthesia 1996; 74: 342-344. 


. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose 


requirements with age. A simultaneous pharmacokinetic and 
pharmacodynamic evaluation. Journal of Pharmacological and 
Experimental Therapeutics 1987; 240: 159-166. 


. Johnson RA, Harper NJN, Chadwick S, Vohra A. Pain on 


injection of propofol. Anaesthesia 1990; 45: 439-442. 


. McKirrick, Hunter S. Pain on injection of propofol: the effect 


of injectate temperature. Anaesthesia 1990; 45: 443-444. 


. Scott RPF, Saunders DA, Norman J. Propofol: clinical 


strategies for preventing the pain of injection. Anaesthesia 
1988; 43: 492-494, 


. Mangar D, Holak EJ. Tourniquet at 50 mmHg followed by 


intravenous lidocaine diminishes hand pain associated with 
propofol injection. Anesthesia and Analgesia 1992; 74: 
250-252. 


. Stein C, Hassan AHS, Przewlocki R, Gramsch C, Peter K, 


Herz A. Opioids from immunocytes interact with receptors 
on sensory nerves to inhibit nociception in inflammation. 
Proceedings of the National Academy of Sciences USA 1990; 
87: 5935-5939. 

Lawrence AJ, Joshi GP, Michalkiewicz A, Blunnie WP, 
Moriarty DC. Evidence for analgesia mediated by peripheral 
opioid receptors in inflamed synovial tissue. European Journal 
of Clinical Pharmacology 1992; 43: 351-355. 

Lyons B, Lohan D, Flynn CG, Joshi GP, O’Brien TM, 
McCaroll M. Intra-articular analgesia for arthroscopic meni- 
sectomy. British Journal of Anaesthesia 1995; 75: 552-555 


British Journal of Anaesthesia 1996; 77: 165-171 


Psychophysical and electrophysiological responses to experimental 
pain may be influenced by sedation: comparison of the effects of a 
hypnotic (propofol) and an analgesic (alfentanil) 


S. PETERSEN-FELIX, L. ARENDT-NIELSEN, P. BAK, M. FISCHER AND A. M. ZBINDEN 


Summary 


Sedation may influence the responses of some 
experimental pain models used to test analgesic 
efficacy. In this study we compared the effects of a 
sedative (propofol) and analgesic (alfentanil) on: 
nociceptive reflex to single and repeated electrical 
stimulations; mechanical pressure pain; and evoked 
potentials elicited by nociceptive (electrical and 
laser) and non-nociceptive (acoustical) stimu- 
lation. We studied 12 healthy volunteers with two 
subanaesthetic concentrations of propofol and two 
analgesic concentrations of alfentanil. Both 
propofol and alfentanil increased the threshold for 
nociceptive reflex to single electrical stimulations, 
but only alfentanil increased the threshold for 
nociceptive reflex to repeated electrical stimu- 
lations. The pressure pain tolerance thresholds were 
increased significantly by alfentanil, whereas 
propofol significantly decreased the thresholds 
(hyperalgesia). Propofol and alfentanil induced 
similar reductions in the amplitudes of the evoked 
potentials elicited by nociceptive (electrical and 
laser) and non-nociceptive (acoustical) stimu- 
lation, whereas only alfentanil reduced the per- 
ceived pain to nociceptive stimulations. We have 
shown that sedation can influence both the psycho- 
physical and electrophysiological responses of 
some experimental pain tests used to measure 
analgesic efficacy, and that propofol in subhypnotic 
doses, has no analgesic effect on painful electrical 
and heat stimulations, but has a hyperalgesic effect 
on mechanical pressure pain. (Br. J. Anaesth. 
1996; 77: 165-171) 


Key words 
Anaesthetics i.v., propofol. Analgesics opioid, alfentanil. Pain, 
experimental. 


Testing the sensory aspects of pain is hampered by 
the subjective and multidimensional nature of pain. 
This has led to a search for quantitative measures. 
The nociceptive withdrawal reflex to single electrical 
stimulations of the sural nerve has been proposed as 
a technique to assess the excitability of the no- 
ciceptive system [1,2]. The size of the evoked 
potential elicited by painful stimuli has also been 
found to correlate with the state of the nociceptive 


system [3, 4]. For conditions when the subject cannot 
collaborate, nociceptive reflex and evoked potentials 
would appear to be adequate tests. Spinal poly- 
synaptic nociceptive reflexes have been used in 
animals for decades. In a recent study [5], we found 
that subanaesthetic (0.10-0.26 vol% end-tidal) iso- 
flurane concentrations increased significantly the 
threshold for nociceptive reflex to single electrical 
stimulations of the sural nerve, but did not change 
the reaction to pain elicited by heat, cold or pressure, 
or the threshold for nociceptive reflex to repetitive 
stimuli. This indicates that the increase in the 
threshold of the nociceptive reflex to single electrical 
stimuli might not reflect analgesia but could be 
caused by sedation. Furthermore, in another study 
[6] using similar subanaesthetic isoflurane concen- 
trations, we found that the amplitude of evoked 
vertex potentials elicited by nociceptive laser and 
intracutaneous electrical stimulations decreased with 
increasing isoflurane concentration. But isoflurane 
caused a similar decrease in amplitudes of evoked 
vertex potentials elicited by non-nociceptive audi- 
tory stimuli, indicating that the decrease in am- 
plitude was not caused by an analgesic effect of 
isoflurane, but could be a result of general depression 
of neuronal transmission. 

Therefore, it seems possible that sedation could 
influence the responses of some experimental pain 
models used to assess analgesic efficacy. In this study 
we compared the effects of sedation (propofol) and 
analgesia (alfentanil) on the thresholds of the 
nociceptive reflex to single and repeated elec- 
trical stimulations, the amplitude of evoked 
vertex potentials elicited by nociceptive and non- 
nociceptive stimuli and detection and tolerance 
thresholds to mechanically induced pain. 

Several studies [7-12] have been designed to see if 
hypnotics are hyperalgesic in subhypnotic doses, but 
results are conflicting. As propofol is one of the most 
widely used hypnotics in anaesthesia, and is also 
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used for sedation in intensive care, it is important to 
clarify further its influence on nociception in 
humans. 


Subjects and methods 


We studied 12 healthy volunteers (eight male), mean 
age 26 (range 20-42) yr. They were not receiving any 
medication, had no allergies or earlier adverse 
reactions to anaesthesia, and for the female 
volunteers, were not pregnant. Written informed 
consent according to the Helsinki Declaration was 
obtained, and the study was approved by the Ethics 
Committee of the Faculty of Medicine, University of 
Bern. 

To minimize the risk of acid aspiration, volunteers 
were tested after a fasting period of at least 6h. 
During testing volunteers rested comfortably in the 
supine position. An i.v. infusion of NaCl-glucose 
was started and haemoglobin oxygen saturation by 
pulse oximetry, ECG and non-invasive arterial 
pressure were monitored continuously during the 
study. 


NOCICEPTIVE REFLEX THRESHOLD TO SINGLE STIMULI 


The sural nerve was stimulated behind the lateral 
malleolus via surface electrodes filled with electrode 
gel (inter-electrode distance approximately 2 cm). A 
25-ms, train-of-five, l-ms, square-wave impulse 
(perceived as a single stimulus) was delivered from a 
computer-controlled constant current stimulator 
(University of Aalborg, Denmark). Electro- 
myographic reflex responses were recorded from the 
middle of the biceps femoris and the rectus femoris 
muscles (surface silver—silver chloride electrodes). 
The EMG signal was amplified and filtered (1.5— 
150 Hz) by a Hellige (PPG Hellige GmbH, 
Germany) single channel EMG-EEG amplifier, 
recorded and analysed with NFRsys software (Uni- 
versity of Aalborg, Denmark). The stimulation 
current was increased from 1 mA in steps of 1-2 mA 
until an ipsilateral reflex with an amplitude exceeding 
20 V for at least 10 ms was detected by the computer 
program. If a reflex was recorded three times at the 
same current intensity, this intensity was defined as 
the nociceptive reflex threshold to single stimulation. 
Maximal stimulation intensity was 80 mA. Eight 
reflexes, elicited with a stimulation intensity of 1.4 
times the threshold intensity, were recorded, 
averaged and the root mean square (RMS) value in 
the 80-180-ms interval after the stimulus was 
calculated with EPsys software (University of 
Aalborg, Denmark). The volunteer then rated the 
perceived pain of the eight stimulations on a 10-cm 
visual analogue scale (VAS). 


NOCICEPTIVE REFLEX THRESHOLD TO REPEATED 
STIMULI 


The sural nerve was stimulated as described above, 
but the single stimulus was repeated five times with 
a frequency of 2 Hz, as described by Arendt-Nielsen 
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and colleagues [13,14]. Current intensity was 
increased from 1 mA in steps of 1-2 mA until a 
psychophysical or electrophysiological summation 
was detected by the computer program. The sum- 
mation thresholds were defined as an increase in pain 
during the five stimulations (psychophysical sum- 
mation threshold) or an increase in amplitude of the 
last one or two reflexes above a fixed limit of 20 uV 
for at least 10 ms (electrophysiological summation 
threshold). Maximal stimulation intensity was 
80 mA. 


MECHANICAL PRESSURE PAIN DETECTION AND PAIN 
TOLERANCE THRESHOLDS 


Pressure pain detection and pain tolerance thresholds 
were measured on the centre of the pulp of the 
second (pain detection) and third (pain tolerance) 
finger of the right hand with an electronic pressure 
algometer (Somedic AB, Stockholm, Sweden) 
[15-17]. A probe with a surface area of 0.28 cm? was 
used, and the pressure increase was 30 kPa s~. Pain 
detection was defined as the point when pressure 
turned into pain, and pain tolerance as the point 
when the volunteer did not want the pressure to be 
increased further. For determination of both 
thresholds, the mean of two consecutive measure- 
ments was used. 


REACTION TIME 


A 1000-Hz tone was delivered from a computer with 
randomized intervals of 3-8s, and a timer was 
started simultaneously. The volunteer was told to 
press a button as fast as possible after each tone. 
Reaction time was defined as the time from the tone 
until the volunteer pressed the button. The mean of 
three consecutive measurements was used. 


EVOKED POTENTIALS 
Argon laser stimulation 


A 200-ms stimulus and a 3-mm laser beam diameter 
were used. Laser stimuli were applied to the dorsum 
of the hand (C7 dermatome). Repeated stimulation 
in the same area was avoided. The pain threshold 
was defined as a distinct sharp pinprick, and was 
calculated as the mean of five ascending and five 
descending series of stimulations. A laser stimulus of 
1.4 times the initial pain threshold was used as 
stimulation for recording of the evoked potentials. 


Electrical stimulation 


An intracutaneous electrode, as described by Bromm 
and Meier [4], was used. The finger pulp of the third 
or fourth finger was stimulated with a blunt 1-mm 
steel pin electrode, with a digital ring finger electrode 
placed proximal as reference. A 25-ms, train-of-five, 
l-ms, square-wave impulse (perceived as a single 
stimulus) delivered from a Digitimer DS7 constant 
current stimulator (Digitimer Ltd, UK) triggered by 


Sedation and experimental pain 


a Phillips PM5150 Generator (Phillips GmbH, 
Germany) was used as stimulus. The horn layer of 
the epidermis was scraped carefully in a 2x 2-mm 
area. Intracutaneous placement was accepted when a 
stimulation current of less than 0.5 mA was felt as a 
distinct pinprick. The current was increased from 0 
in steps of 0.2 mA until the volunteer scored the 
stimulus (VAS) as painful as the laser stimulus of 1.4 
times the initial laser pain threshold. This intensity 
was used for recording of the electrical evoked 
potentials. 


Auditory stimulation 


Auditory evoked potentials were elicited by click 
stimulation (Medelec ST 10, Medelec Ltd, UK) 
with 90dB applied binaural through acoustically 
shielded headphones. 


Recording 


The evoked vertex potentials were recorded from a 
needle electrode (scalp electrode, 0.3x 10mm, 
Dantec, Denmark), inserted at Cz’ vs a surface 
silver—silver chloride electrode on the right mastoid. 
The signal, in the interval of 0.5 s before the stimulus 
until 2 s after the stimulus, was amplified and filtered 
(0.1-30 Hz) with a Hellige (Hellige AG, Germany) 
single-channel EEG amplifier and recorded, aver- 
aged and analysed with EPsys software (University 
of Aalborg, Denmark). Evoked potentials from 16 
stimulations were averaged. 


Perceived pain from laser and electrical stimulations ` 


After each series of 16 laser or electrical stimulations, 
volunteers rated perceived pain on a 10 cm VAS. 


MEDICATION 


Volunteers were tested on two different days, at least 
1 week apart. They received, in randomized order, 
alfentanil on one day and propofol on the other. The 
medication was prepared by an anaesthetist who 
monitored the volunteer and study but did not take 
part in the measurements. The volunteer and other 
investigators were blinded as to the medication. 

The first concentration of alfentanil (low dose) was 
attained by a loading dose of 7.5 ug kg"! i.v. followed 
by an infusion of 0.1 pg kg“! min“ and the second 
(high dose) by a loading dose of 15 ug kg! i.v. 
followed by an infusion of 0.3 ug kg min“. The 
first propofol concentration (low dose) was attained 
by a loading dose of 0.5 mg kg"! i.v. followed by an 
infusion of 10 ug kg min“ and the second (high 
dose) by a loading dose of 1 mg kg™ i.v. followed by 
an infusion of 30 pg kg! min". 


EXPERIMENTAL DESIGN 


The tests were explained to the volunteer and a trial 
testing was performed in order to familiarize the 
volunteer with the procedure. Thereafter a baseline 
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test series was performed. Further test series were 
performed 20 min after each loading dose during the 
infusion. 


STATISTICAL ANALYSIS 


The Friedman test for repeated measures analysis of 
variance on ranks, and the Student-Newman—Keuls 
test for multiple comparisons were used for statistical 
analysis. P < 0.05 was considered significant. 


Results 
NOCICEPTIVE REFLEX (TABLE 1) 


The threshold for nociceptive reflex to single 
stimulations was increased significantly by propofol 
and alfentanil compared with baseline, but there was 
no difference in the increase caused by propofol or 
alfentanil. The RMS of the recorded reflex was 
decreased significantly by propofol and alfentanil 
compared with baseline, but the high dose of 
propofol decreased the RMS significantly more than 
the high dose of alfentanil. The perceived pain to 
stimulations with a current intensity of 1.4 times the 
baseline threshold intensity was not decreased by 
propofol, whereas alfentanil produced a significant 
decrease in pain intensity compared with baseline. 
Propofol did not change the psychophysical or 
electrophysiological threshold for summation of the 
nociceptive reflex, but both thresholds were 
increased significantly by alfentanil compared with 
baseline and the difference between high-dose 
propofol and high-dose alfentanil was significant. 


MECHANICAL PRESSURE (TABLE 1) 


The pressure pain detection thresholds tended to be 
decreased by propofol and increased by alfentanil, 
but differences from baseline were not significant. 
However, the difference between high-dose propofol 
and high-dose alfentanil was significant. The press- 
ure pain tolerance thresholds were decreased signifi- 
cantly by propofol at the high dose, whereas 
alfentanil increased significantly the threshold at the 
high dose compared with baseline. The difference 
between high-dose propofol and high-dose alfentanil 
was significant. 


REACTION TIME (TABLE 1) 


Both propofol and alfentanil increased the reaction 
time compared with baseline, but a significantly 
larger increase was found with high-dose propofol 
compared with high-dose alfentanil. 


EVOKED VERTEX POTENTIAL LATENCIES (TABLE 2) 


A typical evoked vertex potential (laser) is shown in 
figure 1. Neither propofol nor alfentanil changed the 
latencies of the vertex evoked potentials, except for 
N1 latency at the high propofol concentration 
(increase of 10% compared with baseline and 16% 
compared with high-dose alfentanil). 
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Table 1 Numerical results from experimental pain tests and reaction time. All values are median (5-95 percentiles), and are expressed 
as percentage change from baseline (baseline = 100%). *P < 0.05 compared with baseline, ns = not significant compared with 
baseline, P = propofol, A = alfentanil, L = low concentration, H = high concentration 








Propofol Alfentanil 
Comparison 
Test Low concn High concn P-A Low concn High concn 
Nociceptive reflex 125.0 (85.7-162.5) 200.0 (79.3-270.5) ns (PL~AL) 115.4 (93.5-161.2) 140.0 (73.9-235.4) 
threshold *B, *H *B, *L ns (PH-AH) *B, *H *B, *L 
Nociceptive refiex RMS 63.2 (34.6-151.9) 25.3 (10.7-136.6) ns (PL-AL) 81.0 (26.3-105.6) 56.1 (15.0-150.8) 
*B, *H *B, *H *(PH-AH) *B *B 
Nociceptive reflex VAS 100.0 (63.7-117.5) 85.4 (60.2-126.6) ns (PL~AL) 94.6 (61.5-102.9) 78.4 (49.3-101.1) 
ns ns *(PH-AH) *H *B, *H 
Nociceptive reflex 104.5 (82.2-131.7) 104.5 (87.8-142.6) ns (PL-AL) 100.0 (100.0-158.7) 127.3 (100.0~-215.8) 
summation ns ns *(PH-AH) *H 2B *L 
psychophysical 
threshold 
Nociceptive reflex 100.0 (84.0-123.9) 109.7 (76.4-142.3) ns (PL-AL) 109.1 (100.0-128.5) 133.3 (100.4-214.2) 
summation ns ns *(PH-AH) *H *B, *L 
electrophysiological 
threshold 
Pressure pain threshold 90.8 (69,.9-115.2) 81.8 (73.0-116.6) ns (PL~AL) 100.6 (69.8-140.6) 115.6 (84.1-163.5) 
ns ns *(PH-AH) ns ns 
Pressure pain tolerance 97.3 (84.9-110.0) 87.2 (70.2-100.8) ns (PL-AL) 109.0 (85.0-121.3) 117.4 (85.5—-136.3) 
*H *B, *L *(PH-AH) *H *B, *L 
Reaction time 120.1 (77.0-156.2) 123.8 (108.5-235.5) ns (PL-AL) 109.5 (101.1-134.6) 112.7 (98.1-192.1) 
*H *B, *L *(PH-AH) *B *B 





Table Z Numerical results from latencies of the evoked potentials (EP). AH values (ms) are median (5~95 percentiles). *P < 0.05 
compared with baseline, ns = not significant compared with baseline, P = propofol, A = alfentanil, B = baseline, L = low 
concentration, H = high concentration 

















Alfentanil 
Comparison 
P-A Baseline Low concn High concn 
ns (PL-~AL) 313 (242-382) 320 (228-373) 320 (252-352) 
ns (PH—AH) ns ns ns 
ns (PL-AL) 438 (376-514) 430 (375—461) 422 (360-477) 
*(PH-AH) ns ns ns 
ns (PL~AL) 594 (541-664) 633 (563-717) 641 (532-777) 
ns (PH-AH) ns ns ns 
ns(PL-AL) 156 (141-180) 156 (133-194) 148 (141-202) 
ns (PH—AH) ns ns ns 
ns (PL-AL) 281 (227-351) 266 (219-379) 266 (219-433) 
ns (PH—AH) ns ns ns 
ns (PL-AL) 445 (423-634) 445 (438-614) 477 (319-659) 
ns (PH—AH) ns ns ns 
ns (PL~AL) 141 (125-156) 148 (133—145) 155 (133-164) 
ns (PH-AH) ns ns ns 
ns (PL-AL) 234 (203-304) 219 (203-326) 227 (211-320) 
ns (PH~AH) ns ns ns 
ns (PL~AL) 422 (354-497) 453 (344-492) 453 (300-484) 
ns (PH-AH) ns ns ns 


Propofol 

Test Baseline Low concn High concn 

Laser EP 320 (258-382) 305 (259-343) 324 (222-366) 
latencies P1 ns ns D8 

Laser EP 445 (414-492) 442 (376-525) 488 (387-565) 
latencies N1 *H *H *B, *L 

Laser EP 641 (492-740) 633 (511-763) 648 (572-876) 
latencies P2 ns ns ns 

Electrical EP 152 (126-179) 156 (148-179) 148 (103-186) 
latencies P1 ns ns ns 

Electrical EP 273 (207-318) 254 (228-358) 273 (213-397) 
latencies N1 ns ns ns 

Electrical EP 434 (338-518) 450 (358-569) 445 (422-582) 
latencies P2 ns ns ns 

Auditory EP 141 (118-155) 148 (117-156) 148 (126-163) 
latencies P1 ns ns ns 

Auditory EP 231 (201-258) 227 (204-307) 219 (204-335) 
latencies NI ns ns ns 

Auditory EP 403 (368-518) 426 (275—459) 449 (322—498) 
latencies P2 ns ns ns 

N1 





À [ev 


Stimulus 






P1 P2 H 100 ms 


Figure 1 Laser evoked potential, which is the average of 16 
evoked potentials elicited by short argon laser stimuli of 200 ms 
duration. 


EVOKED VERTEX POTENTIAL AMPLITUDES (TABLE 3) 


Neither propofol nor alfentanil changed the P1/N1 
amplitudes of the laser evoked potentials. For the 
N1/P2 amplitudes of the laser evoked potentials and 
for the P1/N1 and N1/P2 amplitudes of the electrical 


and the auditory evoked potentials, both propofol 
and alfentanil reduced the amplitudes. In several 
cases (see table 3) propofol produced a significantly 
larger reduction than alfentanil. High-dose propofol 
and high-dose alfentanil induced the same amplitude 
reductions in the evoked potentials elicited by 
nociceptive stimuli (laser and electrical) as in the 
evoked potentials elicited by non-nociceptive stimuli 
(auditory) (P = 0.12 for P1/N1 amplitudes and P = 
0.21 for N1/P2 amplitudes). 


PERCEIVED PAIN TO LASER AND ELECTRICAL 
STIMULATIONS (TABLE 4) 


Propofol did not reduce perceived pain (VAS scores) 
to laser and electrical stimulations, whereas high- 
dose alfentanil reduced significantly VAS scores 


Sedation and experimental pain 


169 


Table 3 Numerical results from amplitudes of the evoked potentials (EP). All values are median (5—95 percentiles), and are expressed 
as percentage change from baseline (baseline = 100%). *P < 0.05 compared with baseline, ns = not significant compared with 


baseline, P = propofol, A = alfentanil, L = low concentration, H = high concentration 


Propofol 
Test Low concn High concn 
Laser EP 97.8 (59.3-108.8) 81.2 (28.6-115.3) 


amplitudes P1/N1 


ns 


ns 
43.1 (22.3-71.5) 


Laser EP 73.2 (27.1-110.7) 
amplitudes N1/P2 *B, *H *B, *L 
Electrical EP 54.7 (43.7-134.9) 45.5 (15.9-77.0) 


amplitudes P1/N1 


Electrical EP 


amplitudes N1/P2 


Auditory EP 


amplitudes P1/N1 


Auditory EP 


amplitudes N1/P2 


*B, *H 

58.7 (30.0-76.9) 
*B 

70.7 (30.8-198.1) 
*B 

73.2 (27.1-110.7) 
*B, *H 


*B,*L 

42.1 (32.7-67.8) 
*B 

46.1 (19.2-96.5) 
*B 

43.1 (22.3-71.5) 
*B, *L 





Alfetanil 
Comparison 
P-A Low concn High concn 
ns (PL~AL) 96.0 (44.4-133.0) 91.3 (44.6-141.7) 
ns (PH-AH) ns ns 
NS (PL~AL) 78.8 (58.1-125.7) 70.8 (41.2-132.1) 
*(PH-AH) *B *B 
*(PL-AL) 84.2 (67.4-148.6) 71.7 (23.6-132.1) 
*(PH-AH) *H *B, *L 
*(PL-AL) 92.0 (75.3-126.0) 78.6 (31.1-133.6) 
ns (PH—AH) *B, *H *B, *L 
*(PL-AL) 86.4 (66.6-103.4) 77.5 (52.3-85.7) 
ns (PH-AH) *B, *H *B, *L 
ns (PL~AL) 78.7 (58.1-125.7) 70.8 (41.2-132.1) 
*(PH-AH) *B *B 


Table 4 Numerical results of perceived pain scores (VAS) from the laser and electrical evoked potentials (EP). All values are median 
(5-95 percentiles), and are expressed as percentage change from baseline (baseline = 100%). *P < 0.05 compared with baseline, ns = 
not significant compared with baseline, P = propofol, A = alfentanil, L = low concentration, H = high concentration 





Propofol 
Test Low concn High concn 
Laser EP VAS 94.9 (50.5~-133.3) 100.8 (73.8-161.8) 
Electrical EP VAS 97.2 (56.5-133.1) Poa. (45.2—122.2) 


ns ns 


compared with baseline and low-dose alfentanil. 
VAS scores were also significantly smaller for high- 
dose alfentanil compared with high-dose propofol. 


Discussion 


We have shown that sedation can influence both the 
psychophysical and electrophysiological responses of 
some experimental pain tests used to measure 
analgesic efficacy. Propofol increased the threshold 
of the nociceptive reflex to single stimulations and 
decreased the amplitude of the evoked potentials 
elicited by nociceptive laser and electrical stimu- 
lations. This indicates that these may not, under all 
circumstances, assess the excitability of the no- 
ciceptive system. Propofol, in subhypnotic doses, 
had no analgesic effect on painful electrical and heat 
stimulations, but had a hyperalgesic effect on 
pressure pain. 


NOCICEPTIVE REFLEX 


Willer [18] investigated the relation between no- 
ciceptive reflex and perceived pain. The occurrence 
of the reflex was related closely to the pain threshold, 
and a linear relation was found between perceived 
pain and amplitude of the nociceptive reflex. This 
finding was confirmed later by Chan and Dallaire 
[19]. The reflex threshold to single stimuli has been 
found to increase with i.v. morphine [20], extradural 
morphine [21], i.m. alfentanil [22], but also with the 
weaker, non-opioid analgesics ketoprofen [23] and 
acetylsalicylic acid [24]. This indicates that the 
nociceptive reflex to single electrical stimulations of 
the sural nerve can be used to demonstrate analgesia 
produced by pure analgesic drugs. However, sub- 








Alfentanil 
Comparison 
P-A Low concn High concn 
ns (PL-AL) 95.2 (62.9-131.1) 83.8 (45.2-109.4) 
ns (PH-AHĦ) *H *B, *L 
ns (PL-AL) 95.9 (35.2-120.1) 75.5 (23.9-122.9) 
*(PH-AH) *H *B, *L 


anaesthetic (0.10-0.26 vol% end-tidal) isoflurane 
concentrations significantly increase the threshold 
for nociceptive reflex to single stimuli, but do not 
change the reaction to pain elicited by heat, cold or 
pressure, or the threshold of the nociceptive reflex to 
repetitive stimuli [5]. Training and attention has 
been shown to influence the pain threshold and the 
threshold for the nociceptive reflex [2], and dis- 
traction has been shown to decrease the nociceptive 
reflex [25]. In this study, propofol, in sedative doses, 
produced the same increase in the nociceptive reflex 
threshold to single stimulations as alfentanil, but 
showed hyperalgesic effects for tolerance to mech- 
anical pressure. This indicates that the increase in 
threshold of the nociceptive reflex could be caused 
by sedation and not analgesia. The nociceptive reflex 
to single electrical stimulations may therefore not be 
a measure of analgesia when the drug tested also has 
sedative effects. As the nociceptive reflex has a 
sensory afferent and motor efferent component, the 
difference between propofol and alfentanil could be 
explained by stronger depression of the motor 
component by propofol. However, this would 
influence reflexes elicited by single and repeated 
stimulations in the same manner. Propofol did not 
change the threshold for temporal summation of the 
nociceptive reflex to repeated stimulations, indi- 
cating that the muscle component is not influenced 
significantly by propofol. 


MECHANICAL PRESSURE 


Early studies by Clutton-Brock [8, 26] and Dundee 
[9], using a relatively simple mechanical pressure 
pain model showed that small doses of thiopentone 
had a hyperalgesic effect. Our study showed that 
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propofol, in subhypnotic doses, had a similar 
hyperalgesic effect on pressure pain. In vitro studies 
in single neurones [27] and isolated spinal cord 
models [10] showed that propofol and thiopentone 
depressed spinal nociceptive transmission, but they 
may have a different effect, through GABA in- 
hibitory neurones, in the intact animal or human 
[28]. 


EVOKED VERTEX POTENTIALS 


Arendt-Nielsen [3] correlated the amplitude or 
power of the long latency evoked vertex potential to 
an argon laser nociceptive thermal stimulation with 
the intensity of the perceived pain. With this method 
an analgesic effect of alfentanil [29], ibuprofen [30], 
paracetamol [31], codeine [32] and extradural mor- 
phine [33] has been demonstrated. A recent study 
failed to show an effect on laser evoked potentials of 
i.v. morphine [34]. In a recent review on nociceptive 
laser evoked vertex potentials by Arendt-Nielsen 
[35], it was suggested that sedation might influence 
the evoked potential. Evoked potentials to non- 
nociceptive stimuli should therefore be recorded as a 
control for sedation. We have shown recently that 
subanaesthetic isoflurane concentrations (0.10- 
0.26 vol % end-tidal) also decreased the amplitude of 
the evoked vertex potentials to painful laser and 
electrical stimuli [6]. But isoflurane produced a 
similar reduction in the amplitude of non-pain 
related auditory evoked vertex potentials recorded 
with the same paradigm, and did not reduce the 
perceived pain. In our study, propofol reduced the 
amplitude of evoked vertex potentials, but showed a 
hyperalgesic effect in the pain tolerance threshold to 
mechanical. This indicates that the reduction in 
amplitude of evoked vertex potentials by propofol 
and isoflurane is not caused by an analgesic effect. 
Anker-Meller and co-workers [7] also found a 
decrease in laser evoked vertex potentials with 
subhypnotic doses of thiopentone and propofol, but 
they did not measure the effect on non-pain-related 
potentials. 


DRUG CONCENTRATIONS 


The concentrations of propofol and alfentanil used 
in this study were chosen on empirical grounds, so 
that the low doses produced slight sedation 
(propofol) and slight analgesia (alfentanil), and the 
high doses distinct sedation and analgesia. The 
reaction time for low-dose propofol was slightly but 
not statistically increased compared with baseline, 
but for the high dose a significant increase was found 
compared with baseline and low-dose propofol. 
Low-dose alfentanil produced a slight but not 
significant increase in pain tolerance to mechanical 
pressure, but for the high dose of alfentanil a 
significant increase was found compared with base- 
line and the low dose. Furthermore, the threshold 
for the nociceptive reflex to single stimulations, and 
the decrease in the amplitude of the vertex potentials 
were not different for high-dose propofol and high- 
dose alfentanil. This indicates that the chosen doses 
were relevant according to the initial criteria, and 
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that an effect of sedation on the nociceptive reflex 
and the amplitude of the vertex potentials could be 
investigated at these concentrations. 


SHORT VS REPEATED OR LONGER LASTING 
STIMULATIONS 


Arendt-Nielsen and co-workers [36,37] and 
Brennum and co-workers [17, 38] have shown that 
brief localized nociceptive stimuli can be attenuated 
to a greater extent by extradural lignocaine or 
morphine than noxious stimulations of longer dur- 
ation or involving larger areas. That central temporal 
and spatial summation of nociceptive stimuli are 
important for determination of anaesthetic efficacy is 
supported by our study. The responses to exper- 
imental pain tests involving short or single stimu- 
lations were influenced by the sedative effect of 
propofol, whereas tests involving longer lasting or 
repeated stimulations were not. Alfentanil showed 
the expected analgesia on both the short or single 
stimulations, and the longer lasting or repeated 
stimulations used in this study (these results are in 
accordance with previous studies [22, 29]). 


PAIN DETECTION VS PAIN TOLERANCE THRESHOLDS 


Measuring pain tolerance thresholds and not just 
pain detection was also important in this study. If we 
had only measured pain detection thresholds to 
mechanical pressure, we would not have detected the 
hyperalgesic effect of propofol on mechanical pain. 


This study showed that when experimental pain 
models were used to measure an analgesic effect, the 
effects of sedation on both psychophysical and 
electrophysiological responses must be controlled. It 
is important to combine threshold measurements 
and electrophysiological responses with psycho- 
physical pain ratings. Furthermore, models eliciting 
temporal or spatial summation, or both, of no- 
ciceptive stimuli appear to be less influenced by 
sedation. 
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Quantitative EEG in assessment of anaesthetic depth: comparative 


study of methodologyt 


C. E. THOMSEN AND P. F. PRIOR 


Summary 


Methodology for assessment of depth of anaes- 
thesia based on analysis of the electroencephalo- 
gram (EEG) is controversial. Techniques range from 
display of single measures, for example median 
value of the frequency spectrum, to dedicated 
pattern recognition systems based on measures of 
several EEG features. We have compared the 
performance of four techniques using tape- 
recorded data from 23 patients anaesthetized with 
either halothane or isoflurane using standardized 
regimens. The techniques were: (1) median fre- 
quency, (2) spectral edge frequency, (3) the 
cerebral function analysing monitor (CFAM1) and 
(4) a depth of anaesthesia monitor based on EEG 
pattern recognition (ADAM). Dose-response 
curves are presented for stepwise increases in stable 
end-tidal concentrations of each agent. Results 
indicated considerable inter-patient variability and 
the limitations of single EEG measures, particularly 
with deeper anaesthesia producing a burst sup- 
pression pattern in the EEG. Pattern recognition 
techniques reduced these difficulties and appeared 
to be promising over a wide range of anaesthetic 
levels. (Br. J. Anaesth. 1966; 77: 172-178) 


Key words 


Monitoring, electroencephalography. Anaesthesia, depth. 
Memory. Anaesthetics volatile, isoflurane. Anaesthetics volatile, 
halothane. 


A simple objective method for assessment of depth 
of anaesthesia would be a useful facility in anaesthetic 
practice. The magnitude of the clinical problem of 
“awareness” during anaesthesia is now thought to 
be of the order of 1:1000 [1,2]. The most ap- 
propriate means of recognizing it remains more 
controversial [2, 3]. 

The electroencephalogram (EEG) provides a di- 
rect measure of the functional state of the brain, 
permitting warning of the risk of awareness and 
detection of unnecessarily deep anaesthesia [4]. 
Blood or end-tidal concentrations of anaesthetic 
have been known for many years to show close 
correlations with EEG variables over the middle 
ranges of anaesthetic depth, leading to early attempts 
at automatic control [5]. In addition to questions of 
practicality, the use of EEG monitoring of an- 
aesthesia remains debatable for three reasons: (i) 


EEG changes during anaesthesia tend to be agent- 
specific, (ii) the underlying principles of appropriate 
methods for monitoring have received only limited 
attention [6-10], (iii) the different techniques have 
rarely been subjected to rigorous comparative investi- 
gation [11, 12]. In this study we have compared the 
performance of four techniques of EEG monitoring 
for analysis of data tape-recorded from 23 patients 
anaesthetized with halothane or isoflurane. These 
are: median frequency (MF) [13, 14], spectral edge 
frequency (SEF) [15], the cerebral function ana- 
lysing monitor (CFAM1) [8, 16] and the advanced 
depth of anaesthesia monitor (ADAM) [17-19]. The 
first two methods monitor single EEG features, 
while the latter two are essentially pattern rec- 
ognition systems assessing multiple features. 


Patients and methods 


We were able to use EEG data recorded previously 
from 23.(ASA I) normotensive patients undergoing 
elective orthopaedic or gynaecological surgery from 
the study of Lloyd-Thomas, Cole and Prior [20] 
during closely controlled, stable, stepwise increases 
in end-tidal concentrations of either halothane or 
isoflurane. 

The raw EEG data from left and right parietal 
regions were recorded originally on analogue tape 
simultaneously with the processing by the CFAM1 
monitor [20]. The tapes have now been re-analysed 
using the ADAM system and comparisons with the 
original CFAM1 analysis are presented. 

After Ethics Committee approval for the original 
study [20], premedication comprised papaveretum 
0.2 mg kg™! and hyoscine 4ygkg"im., 90 min 
before anaesthesia. This was followed by induction 
with thiopentone 5 mg kg"! and fentanyl 5 pg kg". 
Tracheal intubation was performed after tubo- 
curarine 0.5 mg kg"!. Anaesthesia was maintained 
with either isoflurane or halothane and 66 % nitrous 
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oxide in oxygen. End-tidal carbon dioxide was 
maintained at 5%. If systolic arterial pressure 
decreased to less than 100 mm Hg, anaesthesia was 
lightened, and data from that part of the recording 
rejected from analysis, to avoid any possibility of 
unwanted effects of hypotension. 

Twelve patients received isoflurane at end-tidal 
concentrations of 0.5, 1.0, 1.5 and 2.0 vol% and 11 
patients received halothane at end-tidal concen- 
trations of 0.5, 1.0 and 1.5 vol%. Artefact-free 
samples of 5 min duration were obtained during the 
control period with nitrous oxide in oxygen after a 
stabilization period of 15-20 min at each end-tidal 
concentration of the volatile agent and during 
recovery. 


SIGNAL PROCESSING 


The paper traces of the original unprocessed EEG 
were used to select artefact-free samples corre- 
sponding precisely to the marked periods analysed in 
the original study [20]. These were studied with the 
following methods of analysis. 


Median and spectral edge frequenctes 


Median (MF) and spectral edge (SEF) frequencies 
were calculated as the 50th and 95th centiles of the 
accumulated value of the EEG power spectrum 
using the integrated frequency analysis in the 
ADAM system (fig. 1) based on 10th order auto- 
regressive modelling, 


Cerebral function analysing monitor (CFAM1) 


After passage through an asymmetric band-pass 
filter, EEG amplitude and frequency were analysed 
digitally. The results were stored as numerical data 
and plotted on a screen and on paper. The clinician 
interpreted the charted results of analysis against an 
unprocessed EEG display when required. Amplitude 
and its variations were displayed as the mean, 90th 
and 10th centiles and maxima and minima outside 
these values. Frequency analysis using a modified 
zero-crossing technique, indicated every 2s the 
percentage of the total energy falling into the 
following bands: beta2 (> 20 Hz), betal (14.3- 
20 Hz), alpha2 (10-14.3 Hz), alphal (7.7-10 Hz), 
theta2 (5.3-7.7 Hz), thetal (3.5-5.3 Hz), delta2 (2.0- 
3.5 Hz), deltal (1-2 Hz) and very low frequency (< 
1 Hz), together with separate detection of percent 
time with EEG suppression (< 3 uV RMS). 

For this study the results of CFAMI digital 
analysis of 2-s segments of the EEG were obtained 
from the previous work on the same tape-recorded 
data [20]. In addition, a “‘fast/slow EEG frequency 
ratio” was calculated: (beta2+betal +alpha2+ 
alphal)/(theta2 + thetal + delta2 + delta1). 


Advanced depth of anaesthesia monitor (ADAM) 


This system was based on a pattern recognition 
system which uses calculations of probabilities 
derived from previously studied normal reference 
distributions of EEG from patients receiving iso- 
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flurane and halothane at different concentrations 
[17-19]. Contiguous 2-s periods of the EEG were 
passed through a filter which first, limited low- 
frequency components likely to be artefactual and 
second, counteracted the inherent skewed 
frequency /amplitude distribution of the EEG. The 
features extracted from each sample represented 
both spectral distribution and amplitude of the 
EEG. The system was trained by a pattern pro- 
cessing technique (unsupervised repetitive hier- 
archical cluster analysis) to produce a set of reference 
patterns for halothane and isoflurane [17-19]. Within 
each set the individual patterns were grouped and 
assigned colours to represent specific depths of 
anaesthesia so providing a simple “‘ anaesthetic scale” 
divided into six levels: “drowsy” (dark blue), “‘ very 
light” (light blue), “light”? (green), “normal sur- 
gical” (yellow), “deep” (purple) and “very deep” 
(red) anaesthesia. Awake states, artefacts and move- 
ments were assigned to the “background colour” of 
the display. This colour coding bypassed the pro- 
blem of interpreting agent-specific data, in that the 
same overall scale was displayed for the equivalent 
ranges even though the EEG patterns from which it 
was derived were different for each agent. 

Both the class probability histograms (distribution 
of recognized reference EEG patterns) and the 
simultaneous colour-coded density spectral arrays 
(EEG frequency distribution) were plotted with a 
time resolution of 10 s, each point displayed on the 
chart being based on a weighted average over the 
immediately preceding period (approximately 30 s). 
EEG suppression was detected separately using a 
method based on time domain descriptors over 
0.25-s periods. This enabled us to modify the 
original pattern recognition so that 2-s periods 
with suppressions of 0.25-0.75 s were assigned to 
“normal anaesthesia”, those with suppression of 
0.75-1.25 s to “deep anaesthesia”? and those with 
suppression of 1.25-2.00 s to “‘very deep anaes- 
thesia”. To facilitate comparison with other moni- 
toring techniques, the class probability histograms 
were converted to a single numerical value repre- 
senting the depth of anaesthesia such that the value 
6.0 represented “very deep” anaesthesia and 1.0 
represented “drowsy”. A value for anaesthetic depth 
was then calculated for each 10s. 


STATISTICAL ANALYSIS 


An unpaired two-tailed t test was performed on the 
group data for each step in end-tidal concentration of 
each anaesthetic, that is control period nitrous oxide 
in oxygen vs +0.5% end-tidal concentration of 
inhaled anaesthetic, +0.5% vs +1.0%, etc. and 
+1.5% or +2.0% vs “recovery”. 

All group data are presented as dose-response 
curves of the digital values from the various monitor 
outputs and derived variables against the end-tidal 
concentrations of the volatile agents, and data are 
displayed as mean (sD). The significance of the 
change in mean value compared with the previous 
state is given above the second of each pair using the 
following notation: * P < 0.01, ** P < 0.001, ***P 
< 0.0001 ; symbols in parentheses indicate significant 
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Figure 1 An example of power spectral analysis of an EEG segment during isoflurane anaesthesia. The spectral 
distribution was calculated using an autoregressive model of the 10th order. Each of the traditional single EEG 
measures, median frequency (MF) and spectral edge frequency (SEF), was derived from this curve, being the 
50th and 95th centiles of the accumulated power value of the EEG frequency spectrum. 


changes in the opposite direction to the overall trend 
for each variable (e.g. increased MF/SEF for 
increased anaesthetic depth). 


Results 
ISOFLURANE 


The group data for MF (fig. 2) showed considerable 
inter-patient variability but this was less evident 
with increasing depth of anaesthesia up to an end- 
tidal concentration of 1.5%. From 1.5% to 2.0% 
there was no further change in MF. In contrast, the 
corresponding curve for SEF (fig. 3) did not exhibit 
a clear trend and inter-patient variability was high. 
Significant changes (decrease in SEF) were seen only 
from pure nitrous oxide in oxygen to +0.5% and 
from there to +1% end-tidal isoflurane concen- 
tration. With higher concentrations (+1.5%) SEF 
began to increase but thereafter (+2.0%) no further 
change occurred. 
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The CFAM1 amplitude data (fig. 4) replicated 
Bickford’s 1950 work [5] showing an initial increase 
with light levels of anaesthesia and then a progressive 
decrease with increased depth of anaesthesia until 
burst suppression occurred. There was considerable 
variability in the CFAMI group data and the only 
single frequency measures showing a continuous 
(but not significant for each step at P < 0.01) trend 
with increased depth of anaesthesia were thetal and 
betal. The calculated fast/slow ratio (fig. 5) based on 
the group data from the CFAM1 showed a clear 
trend up to +1.0% end-tidal concentration. How- 
ever, a further increase produced only a small 
decrease in the fast-slow ratio. None the less, seen as 
group data this ratio did not, in contrast with other 
single EEG measures, reverse at +2.0% when two- 
thirds of patients developed burst suppression. 
Inter-patient variability was considerable, although 
it can only be indicated by the “‘standard deviation” 
bars shown in figure 5. Note that the standard 
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Figure 2 Median frequency; group data showing dose-response curves for patients receiving isoflurane (n = 12, 
left) and halothane (n = 11, right). The graphs show mean (sD) values during the sequence: nitrous oxide in 
oxygen (N,0+0,), step-wise increases in end-tidal concentration of the volatile agent and during recovery (R). 
The significance of changes in mean values (based on unpaired two-tailed £ tests) compared with the previous 
state is given above the second of each pair using the following notation: * P < 0.01; ** P < 0.001; *** P < 
0.0001; symbols in parentheses indicate significant changes in the opposite direction to the overall trend for each 
variable (e.g. increased MF for increased anaesthetic depth). 
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Figure 3 Spectral edge frequency (SEF); group data showing dose-response curves for patients receiving 
isoflurane (n = 12, left) and halothane (n = 11, right). Layout and symbols as in figure 2. 
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Figure 4 CFAM amplitude (top) and suppression (bottom); group data showing dose-response curves for 
patients receiving isoflurane (n = 12, left) and halothane (n = 11, right). Layout and symbols as in figure 2. 
CFAMI amplitude values (peak-to-peak) are mean (@) and 90th and 10th centiles (O). 


deviations are not legitimate for these CFAM1 group 
data as the frequency measures are based on pooled 
individual data and thereby not independent obser- 
vations, and therefore no significance values could 
be calculated. 

With the ADAM system (fig. 6), the group data 
showed highly significant and consistent trends with 
increasing end-tidal isoflurane concentrations, even 
though inter-patient variability was marked. 

With most individual patients there was a clear 
initial decrease in MF towards deeper levels of 
anaesthesia with a relative low intra-patient varia- 
bility. However, with increasing end-tidal concen- 
trations of isoflurane from 1.5 to 2.0%, MF showed 


a non-linear relationship in almost 50% of patients, 
paradoxically suggesting “‘lightening’’ anaesthesia. 
Such patients all exhibited burst suppression 
patterns in the unprocessed EEG at an end-tidal 
isoflurane concentration of 2.0 % or, in some, even at 
1.5%. The corresponding SEF curves showed a 
poor correlation with increase in the end-tidal 
concentration. The spurious appearance of light- 
ening of anaesthesia again occurred with burst 
suppression. Few of the individual curves produced 
a clear trend and inter-patient variability was high 
compared with the relatively small overall changes in 
SEF. Intra-patient variability was low, as with MF, 
but with small overall changes between different 
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Figure 5 CFAMI1 calculated fast/slow ratio; group data showing dose-response curves for patients receiving 
isoflurane (n = 12, left) and halothane (n = 11, right). Layout and symbols as in figure 2. The fast/slow EEG 
frequency ratio was calculated as (beta2 + betal + alpha2 + alphal)/(theta2 + theta] + delta2+deltal). Note that sp, 
although indicated with dotted lines as a general guide, are not legitimate calculations as the frequency measures 
from the CFAMI were based on pooled individual data and therefore not independent observations; thus no 


significance values could be calculated. 
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Figure 6 Anaesthetic depth, as indicated by the EEG pattern recognition system ADAM; group data showing 
dose-response curves for patients receiving isoflurane (7 = 12, left) and halothane (n = 11, right). Layout and 
symbols as in figure 2. The scale on the vertical axis is based on a conversion of the class probability histograms 
to a single numerical value such that 0 is equivalent to the awake state, 1 to drowsiness, 2 to “very light” 
anaesthesia, 3 to “light” anaesthesia, 4 to “normal” surgical anaesthesia, 5 to “deep” and 6 to “very deep” 


anaesthesia. 


anaesthetic concentrations. The CFAM1 showed, in 
all except one patient, an initial increase in amplitude 
with light levels of anaesthesia and then a progressive 
decrease with increasing end-tidal concentrations 
until onset of burst suppression. However, four 
patients not exhibiting burst suppression did not 
produce any further decrease in CFAM1 amplitude 
for 1.5 and 2.0% end-tidal concentrations. Intra- 
patient variability for CFAM1 amplitude was rela- 
tively low except during burst suppression, however, 
there was a considerable spread in absolute am- 
plitude values between patients, indicating 
difficulties in producing a reliable measure of 
anaesthetic depth based solely on this feature. 

The CFAMI frequency measures showed marked 
intra- and inter-patient differences and the only 
consistent results were seen for betal +2 and thetal 
bands. EEG activity in the entire beta frequency 
band seemed significantly suppressed for moderate 
to deep levels of anaesthesia, but inter-patient 
variability for light levels was quite high. In most 
patients the thetal band showed a clear trend to 
increase with increasing end-tidal concentrations. 
The calculated fast/slow ratio based on the pooled 
individual data from the CFAM1 decreased with 
end-tidal isoflurane concentrations up to 1% but in 


the majority of patients a further increase in end- 
tidal concentration produced only minor changes. 
For three patients an initial increase was seen in the 
fast/slow ratio comparable with that in the CFAMI 
amplitude measures. In four patients there was a 
small increase in the fast/slow ratio during burst 
suppression at 2.0% end-tidal isoflurane. ADAM, 
the pattern-recognition system, showed consistent 
and uniform dose-response curves to approximately 
1.5% in all except three patients with relatively low 
intra- and inter-patient variability. In these three 
patients the dose-response curve flattened just before 
short suppressions first appeared in the raw EEG, 
indicating difficulties in detection of the first signs of 
discontinuity in the EEG. 


HALOTHANE 


The group data for MF (fig. 2) showed inconsistency 
in trend and high inter-patient variability, even 
though changes for each step increase in halothane 
concentration were significant. The corresponding 
values for SEF (fig. 3) decreased progressively with 
increased end-tidal concentrations, but the changes 
for the first step (nitrous oxide in oxygen to +0.5%) 
were significant only at P<0.01. The CFAMI 
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amplitude measures (fig. 4) showed only a non- 
significant trend with increasing halothane con- 
centration and no EEG suppressions were detected 
in any patient. All CFAMI1 frequency measures 
showed considerable variability as in the isoflurane 
study. The only frequency variables indicating a 
consistent trend with increased depth of anaesthesia 
were betal+2 and, to a limited degree, thetal. 
However, although betal changed significantly (P < 
0.01) for the first two steps, individual traces were 
variable. The calculated CFAM1 fast/slow ratio (fig. 
5) showed a trend similar to MF, but the variability 
in EEG frequency changes with halothane reduced 
the potential value of this ratio. In contrast, the 
ADAM system (fig. 6) gave a near-linear relation 
with end-tidal concentration of halothane for group 
data but tended to overestimate the depth of 
anaesthesia for pure nitrous oxide in oxygen because 
of inconsistent initial changes in three patients (see 
below). 

In individual patients, neither MF nor SEF 
produced a consistent trend with increasing end- 
tidal halothane concentrations. In four of 11 patients 
there was a decrease in MF and SEF after the period 
of nitrous oxide in oxygen alone, but it should be 
noted that inter-patient variability was considerable. 
Of the individual CFAMI1 measures, none showed 
any significant trend with increased end-tidal con- 
centration except for betal +2 which, for all but two 
patients, appeared markedly suppressed for end- 
tidal concentrations of +1.5% or above. The 
individual CFAM1 amplitude dose-response curves 
were very variable with no consistent trend. No 
uniform pattern was evident with any of the CFAMI1 
frequency variables except thetal which, in five of 
the patients increased with increasing end-tidal 
concentration. After an initial variable increase, the 
fast/slow ratio decreased in all patients with end- 
. tidal concentrations greater than +1.5%. With the 
ADAM system there were more consistent trends 
but inter-patient variability was marked, especially 
compared with the isoflurane study. For three of the 
11 patients, the ADAM system wrongly assessed 
pure nitrous oxide in oxygen effects as representing 
deeper anaesthesia than during +0.5% end-tidal 
concentration of halothane. A similar problem 
occurred in six patients for MF and in four for SEF. 


Discussion 


We have compared the performance of four different 
techniques for assessment of depth of anaesthesia 
with the volatile agents isoflurane and halothane 
using the same set of tape-recorded data obtained in 
a previous study [20]. As in other studies it was 
evident that methods using a single EEG feature are 
inadequate over the range of anaesthetic depths 
which include EEG burst suppression pattern [6, 
12]. 

The CFAMI had the advantage of displaying 
multiple fearures so that the user could identify 
individual changes with alterations in end-tidal 
concentration and, importantly, immediately 
recognize the burst suppression pattern. In addition 
to indicating deep anaesthesia, this pattern may have 
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serious implications (e.g. hypoxia or ischaemia). 
However, it requires experience to learn the overall 
CFAM pattern combinations for each anaesthetic 
and with the launch of each new agent, further 
patterns would have to be assimilated. These 
considerations appear to have been addressed in a 
new version (CFAM3) about which preliminary 
information has been made available [personal 
communication, D. E. Maynard, 1995]. The devel- 
opment of the ADAM system uses a different 
approach where an unsupervised clustering tech- 
nique is used to define a reference set of naturally 
occurring EEG patterns for different types and 
depths of anaesthesia. These reference patterns are 
then used in on-line pattern recognition during 
anaesthesia to display a simple-to-interpret, an- 
aesthetic depth indicator. As yet the data base is 
relatively small and limited to the anaesthetic 
techniques on which it has been trained. We are 
presently completing studies to extend the anaes- 
thetic database and on detection of changes caused 
by other aspects or complications of surgery and 
anaesthesia (asymmetries of any variables, distinc- 
tion between deep anaesthesia, hypothermia and 
hypoxic—ischaemic complications). 

The two examples of single EEG feature methods 
which we have investigated, MF and SEF, failed to 
characterize deepening anaesthesia when the burst 
suppression pattern had appeared in the EEG. 
Typically this EEG pattern was seen when end-tidal 
isoflurane concentrations were in the range +1.5 to 
+2.0%. This problem of burst suppression pattern 
in the EEG has not been addressed adequately by 
previous authors who have recommended single 
feature methods (MF or SEF) on the basis of studies 
which, while providing elegant correlations within 
the range of relatively low concentrations of various 
agents, have not included depths of anaesthesia 
normally associated with EEG suppressions [13, 14, 
21]. Indeed some possibility of misclassification still 
exists with the ADAM system during early burst 
suppression. It should be noted that the CFAM1, in 
spite of the above mentioned problems regarding the 
complexity of a multivariate display, does clearly 
indicate even very early burst suppression patterns. 

The limitations of single EEG measures for 
monitoring depth of anaesthesia have been indicated 
by others [6, 12] but the approach of using a pattern 
recognition system based on multiple features has 
received only limited attention [17—19] and has not 
previously been subjected to comparative studies. 
On the evidence of the results we believe it would be 
fruitful to explore such systems further. The tech- 
niques appear to have the potential of overcoming 
many of the difficulties previously associated with 
EEG monitoring of depth of anaesthesia. Moreover, 
on theoretical and practical grounds they are likely to 
be more generally applicable than methods based on 
evoked potential monitoring. Evoked potentials 
provide a crucially important tool for assessment of 
integrity of neural pathways during some spinal and 
intracranial surgical procedures. However, they 
require a skilled operator and their value for assessing 
anaesthetic depth in an individual patient appears to 
apply mainly to the lighter levels of anaesthesia. 
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Only when a highly reliable measure of depth of 


anaesthesia can be obtained in an individual patient 
will we achieve the aim of clinical acceptability. 
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Spectral edge frequency of the electroencephalogram to monitor 
“depth” of anaesthesia with isoflurane or propofol 


D. SCHWENDER, M. DAUNDERER, S. MULZER, S. KLASING, U. FINSTERER AND K. PETER 


Summary 


To determine threshold values, sensitivity and 
specificity of the spectral edge frequency (SEF) of 
the electroencephalogram (EEG) that indicate intra- 
operative movements, we studied 49 patients 
undergoing elective laparotomy. Extradural anal- 
gesia was used in all patients. To maintain general 
anaesthesia, patients in group 1 (n = 23) received 
0.4-1.2 vol% isoflurane and patients in group 2 
(n = 24) propofol 3-5 mg kg h~ i.v. During op- 
eration and emergence from anaesthesia, spon- 
taneous purposeful movements were documented. 
The EEG was recorded continuously in the awake 
state until the end of anaesthesia. Power spectral 
analysis calculated the SEF and power in the delta, 
theta, alpha and beta bands and the delta ratio. 
Adequate anaesthesia caused a statistically sig- 
nificant decrease in SEF from 16 to 12 Hz. Power in 
the beta band decreased and power in the theta 
band and total power increased compared with the 
awake state. Before and during movements 
observed in the intraoperative period or during 
emergence from general anaesthesia, SEF increased 
from 12 to 18 Hz, the power in beta band increased 
and theta power decreased compared with the state 
of adequate anaesthesia. A threshold value of SEF 
14 Hz to predict movements during anaesthesia 
had a sensitivity of 72% and specificity of 82%. (Br. 
J. Anaesth. 1996; 77: 179-184) 
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Many general anaesthetics change the spontaneous 
activity of the electroencephalogram (EEG) from 
low voltage fast wave to high voltage slow wave 
patterns progressively with increasing serum or end- 
expiratory concentrations. Burst suppression 
patterns may occur at very high doses of some 
general anaesthetics [1]. With power spectral analysis 
of the EEG signal, single variables could be derived 
from the native EEG, such as spectral edge fre- 
quencies (SEF), for example SEF 95, SEF 90, 
SEF 50 = median frequency [2, 3]; the spectral edge 
frequency is the frequency below which 95%, 90% 
or 50%, respectively, of the total EEG power is 
located. SEF 95, 90 and median frequency (SEF 50) 
are reduced with increasing serum or end-tidal 
concentrations of many general anaesthetics or 


opioid analgesics [4-11]. Furthermore, it has been 
suggested that SEF may be used to measure depth of 
anaesthesia and indicate arousal during emergence 
from general anaesthesia [12-14]. Nevertheless, SEF 
has not been used to monitor depth of anaesthesia in 
routine clinical practice. In this study, we have 
determined threshold values, sensitivity and specifi- 
city of the SEF that indicate intraoperative move- 
ments during general anaesthesia with isoflurane or 
propofol. 


Patients and methods 


After obtained Institutional Ethics Committee ap- 
proval and informed consent, we studied 47 patients, 
aged 21-79 yr, ASA grades I and II, undergoing 
elective gynaecological or urological laparotomy. 
After oral premedication with a benzodiazepine 
(clorazepate dipotassium 20 mg) 45-60 min before 
anaesthesia, continuous electrocardiograph elec- 
trodes (ECG) and an i.v. catheter were inserted, and 
a continuous extradural block was performed at 
L344 or L4-5. Using 0.5% bupivacaine, the anaes- 
thetic level was maintained at T4—5. Patients were 
allocated randomly to one of two groups (group 1, 
n = 23; group 2, n = 24). I.v. general anaesthesia was 
induced in group 1 with thiopentone 5 mg kg™ and 
in group 2 with propofol 2 mg kg™. After induction 
of general anaesthesia and loss of consciousness (no 
response to verbal commands, loss of eyelid reflex), 
the patient’s lungs were ventilated with 100% 
oxygen via a face mask. Vecuronium 0.1 mg kg“ was 
given for neuromuscular block, the trachea was 
intubated and the lungs ventilated with 50 % nitrous 
oxide in oxygen. No other neuromuscular blockers 
were used. To maintain general anaesthesia, patients 
in group 1 received 0.4-1.2 vol% isoflurane and 
patients in group 2 propofol 3-5 mg kg! h~! i.v. 
End-expiratory concentrations of isoflurane were 
monitored continuously with a multi-gas analyser 
(Capnomac Ultima, Datex Instrument Corporation, 
Helsinki, Finland), Heart rate (by a three-lead ECG), 
systemic arterial pressure (by an arterial cannula in 
the radial artery) and central venous pressure (by a 
central venous catheter in the internal jugular vein) 
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were recorded continuously. Mean arterial pressure 
was maintained greater than 70 mm Hg. Body core 
temperature was measured by an oesophageal tem- 
perature probe and maintained greater than 35.5 °C 
using heated blankets and warmed infusions. Con- 
trolled ventilation was adjusted to maintain normo- 
capnia (end-expiratory carbon dioxide concentra- 
tion 4.8-5.3 kPa) and verified by intermittent arterial 
blood-gas analysis. Individual doses of anaesthetics 
were guided by clinical signs of adequate anaesthesia, 
that is changes in arterial pressure, heart rate, 
sweating and tear production. Light anaesthesia was 
indicated by the “‘pressure rate, sweating and tears” 
(PRST) score [15]. A PRST score greater than 2 or 
spontaneous movements of the patients was defined 
as indicative of light anaesthesia. Spontaneous 
purposeful movements of the head and limbs, eye- 
opening or other facial movements were docu- 
mented. Whenever movements occurred, the dose of 
the anaesthetic was increased to induce a clinically 
adequate level of anaesthesia. To evaluate conscious 
recall of anaesthesia and surgery, the patients were 
asked after operation to remember explicitly any- 
thing perceived during anaesthesia. 

To obtain two-channel recordings of the EEG, 
silver electrodes were placed at C3/C4 (positive) and 
mastoids on both sides Al/A2 (negative) against the 
forehead as common electrode (FPZ), according to 
the international 10-20 system. The impedance of all 
electrodes was maintained less than 30002. A 
Cerebotrac 2500 (SRD Medical Ltd, Shorashim, 
Israel) was used to record, analyse and store the 
EEG signal. Bandpass filters were set at 1.5-30 Hz 
and amplifier sensitivity was 200 pV. The automatic 
artefact rejection was active and line current fre- 
quency suppression was set at 50 Hz. On-line power 
spectral analysis was performed using fast Fourier 
transformation (FFT). Epoch length of EEG ac- 
quisition was 4 s. Power spectrum was displayed as 
density spectral array. Spectral edge frequency 90 
(SEF 90 = the frequency below which 90% of the 
EEG power is located) was calculated. Spectral 
bands of 0-4 Hz (delta) 4-8 Hz (theta), 8-13 Hz 
(alpha) and 13-30 Hz (beta) were analysed and the 
power of the spectral bands were calculated and 
expressed as percentage of total power. The delta 
ratio (ratio of power in the 8-30 Hz band to power in 
the 0-4 Hz band) was calculated. For off-line 
analysis, data were stored on a notebook computer 
(Compaq Ltd 25, Compaq Computer GmbH, 
München, Germany). Values for each of the derived 
variables were determined by averaging the data 
from 30 consecutive epochs. Where the value for an 
individual epoch was more than 2 sp from the mean 
it was omitted and replaced by an additional epoch. 
The EEG was recorded continuously on-line awake 
and during induction and maintenance of general 
anaesthesia until the end of anaesthesia, when the 
patients were extubated and had recovered from 
anaesthesia. 

Results are presented as mean (sD). Cardiovascular 
variables and spontaneous movements were corre- 
lated by a time series analysis. For SEF 90 and the 
power bands beta, alpha, theta, delta and the delta 
ratio, the Wilcoxon test was used. Sensitivity 
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(number of correctly predicted movements/total 
number of movements), specificity (number of 
correctly predicted situations of adequate 
anaesthesia/total number of situations of adequate 
anaesthesia) were calculated. Statistical significance 
was assumed if P<0.05 after Bonferroni’s cor- 
rection for multiple comparisons. 


Results 


The two groups were comparable in age, sex 
distribution, weight, height, ASA physical status, 
type and dose of premedication, type of surgery, 
total time of surgery and anaesthesia, and total dose 
of bupivacaine (table 1). 

Systolic (SAP) and diastolic (DAP) arterial press- 
ure and heart rate (HR) awake, during maintenance 
of anaesthesia and during emergence from anaes- 
thesia are presented in table 2. There was no 
significant change in heart rate. SAP and DAP 
decreased slightly during maintenance of anaesthesia 
and returned to awake baseline values at the end of 
anaesthesia in both groups. Sixteen movements in 
group 1 and 20 movements in group 2 were observed 
during maintenance of anaesthesia. All patients in 
each group moved spontaneously during emergence 
from anaesthesia shortly before tracheal extubation. 
The trachea of all patients was extubated and the 
patient had regained consciousness during the study 
at the end of anaesthesia. There was no correlation 
between haemodynamic data and movements, in the 
intraoperative period or during emergence from 
anaesthesia. At the postoperative interview no 
patient had explicit recall of intraoperative events. 

Figure 1 shows the typical course of the power 
spectrum displayed as density spectral array and the 
spectral edge frequency awake, during induction and 
maintenance of general anaesthesia with isoflurane 
(fig. 1A) and propofol (fig. 18), and during emergence 
from anaesthesia. With induction of general an- 
aesthesia and during adequate general anaesthesia 
(no movement), in both patients SEF decreased 
from the awake baseline value of 18-20 Hz to 
12-14 Hz. When a movement occurred during 
anaesthesia, SEF increased to the awake baseline 
value of 18-20 Hz. Deepening of general anaesthesia 
caused a decrease in SEF of 12-14Hz. During 
emergence from general anaesthesia, SEF increased 
and at the end of anaesthesia shortly before extu- 
bation it returned to the awake baseline value of 
18-20 Hz. 

Mean SEF (Hz), total power (uV?) and relative 
power in the frequency bands, delta, theta, alpha, 
beta and the delta ratio (a+ B/5) of the isoflurane and 
propofol groups awake, during maintenance of 
adequate general anaesthesia (no movement), before 
and during intraoperative spontaneous movements 
and during emergence from general anaesthesia are 
shown in table 3. Changes in SEF and the power 
bands were similar in both groups. Adequate 
anaesthesia caused a statistically significant decrease 
in SEF. Before and during intraoperative spon- 
taneous movements in both groups there was a 
statistically significant increase in SEF compared 
with the state of adequate anaesthesia. The same was 
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Table 1 Patient data (mean (sD or range) or number) 








Group 1 Group 2 
(isoflurane) (propofol) 
n 23 24 
Age (yr) 54.02 (27-79) 53.89 (21-77) 
Sex (m/f) 16/7 16/8 
Weight (kg) 72.43 (9.13) 73.89 (13.91) 
Height (cm) 169.06 (6.92) 167.06 (7.72) 
ASA physical status 1.27 (0.47) 1.31 (0.55) 
Type of surgery (7) 
Tumour nephrectomy 4 6 
Abdominal hysterectomy 6 5 
Radical hysterectomy 1 1 
Lymphadenectomy 1 2 
Exploratory laparatomy 11 10 
Premedication 
Clorazepate dipotassium (mg/kg body weight) 0.34 (0.18) 0.27 (0.19) 
Total dose of bupivacaine (mg/kg body weight) 2.07 (1.13) 1.82 (1.45) 
Total duration of surgery (min) 165.38 (56.79) 179.60 (83.08) 
Total duration of anaesthesia (min) 256.39 (78.21) 269.26 (86.31) 


Table 2 Haemodynamic data (mean (sD)). HR = Heart rate, SAP = systolic arterial blood pressure, DAP = 
diastolic arterial blood pressure. *P = 0.05 compared with awake 





HR (beat min!) SAP (mmHg) DAP (mm Hg) 





Group 1 (isoflurane) 













Awake 73.67 (13.69) 126.67 (19.38) 73,29 (10.92) 
Anaesthesia (no movements) 68.94 (13.13) 115.99 (13.31)* 65.79 (10.44)* 
Anaesthesia (movement) 77.92 (15.96) 130.92 (23.94) 69.29 (15.68) 
Extubation 79.63 (15.71) 133.95 (26.95) 73.05 (17.61) 
Group 2 (propofol) 
Awake 75.43 (13.68) 135.66 (20.74) 75.28 (9.42) 
Anaesthesia (no movements) 68.41 (10.39) 117.43 (28.63)* 69.20 (13.16)* 
Anaesthesia (movement) 69.97 (13.11) 125.78 (17.08) 67.97 (13.23) 
Extubation 73.15 (13.31) 133.70 (19.79) 70.95 (13.43) 
A B 
Spectral edge frequency (90%) Spectral edge frequency (90%) 
Power Power Power Power 
spectrum spectrum spectrum spectrum 
left right loft right 
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Figure 1 Typical course of the power spectrum displayed as density spectral array and the spectral edge 
frequency awake, during induction and maintenance of general anaesthesia with isoflurane (A) and propofol (8), 
and during emergence from anaesthesia. 


seen during emergence from general anaesthesia anaesthesia and increased during intraoperative 
(statistically significant increase in SEF). Relative spontaneous movements and during emergence from 
power in the beta band decreased during adequate general anaesthesia. Relative power in the theta band 
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Table 4 Threshold values of EEG variables for movements during anaesthesia 


Threshold value 
Group 1 (isoflurane) 
SEF (Hz) 14 
Total power (uV) 100 
5 band (%) 40 
t band (%) 20 
a band (%) 30 
B band (%) 30 
Delta ratio 3.0 
Group 2 (propofol) 
SEF (Hz) 14 
Total power (uV) 100 
ô band (%) 40 
t band (%) 20 
a band (%) 30 
B band (%) 30 
Delta ratio 3.0 
Groups 1+2 
SEF (Hz) 14 
Total power (uV) 100 
& band (%) 40 
t band (%) 20 
a band (%) 30 
B band (%) 30 
Delta ratio 3.0 


increased during adequate anaesthesia and decreased 
during intraoperative movements and emergence 
from anaesthesia in both groups. Relative power in 
the delta and alpha bands and the delta ratio did not 
change significantly during anaesthesia. 

In table 4 are shown threshold values for SEF and 
the relative power in the delta, theta, alpha and beta 
bands, with their calculated sensitivities and 
specificities within and between groups to separate 
adequate anaesthesia (no movement) from intra- 
operative spontaneous movements. SEF of 14 Hz 
provided a sensitivity of 73% and a specificity of 
76% in the isoflurane group, and a sensitivity of 
70 % and a specificity of 88 % in the propofol group. 
Between groups a threshold value of SEF 14 Hz had 
a sensitivity of 72% and a specificity of 82% to 
separate adequate anaesthesia (no movement) from 
intraoperative spontaneous movements. 


Discussion 


There was no correlation in our study between 
physiological signs of wakefulness (increase in heart 
rate and arterial pressure) and motor signs of 
wakefulness during a combination of extradural 
analgesia with bupivacaine and general anaesthesia 
with isoflurane or propofol. This observation may be 
explained by the extensive extradural block in all 
patients during surgery. It interfered with the 
cardiovascular variables by attenuating arterial 
pressure responses by sympathetic block. In this 
study we combined regional and general anaesthesia 
to minimize the effect of pain on the level of arousal. 
Furthermore, extensive spinal block was thought to 
inhibit reflex movements in response to pain, as 
intended by the spinal cord. This should facilitate 
the interpretation of patient movement, as intended 
by the cortex. 

SEF decreased during general anaesthesia with 
isoflurane or propofol compared with the awake 


Sensitivity (%) Specificity (%) 


73.33 76.26 
95.00 17.09 
81.67 18.18 
53.33 73.23 
15.00 57.87 
21.67 95.98 
25.81 83.33 
70.67 88.24 
82.67 30.33 
74.67 21.80 
72.00 61.24 
25.68 59.72 
28.00 98.58 
34.25 93.33 
71.85 82.34 
88.15 23.90 
77.78 20.05 
63.70 67.08 
20.90 58.82 
25.19 97.32 
30.37 88.48 


state. During intraoperative spontaneous movements 
and emergence from anaesthesia with isoflurane or 
propofol, SEF increased to near awake baseline 
values. Nevertheless, because of the range of overlap 
of SEF during adequate anaesthesia (no movement) 
and intraoperative spontaneous movements, sen- 
sitivity and specificity were only 70-88 % within and 
between groups. 

Schwilden, Schiittler and Stoeckel used the me- 
dian frequency of the EEG in volunteers to define 
depth of anaesthesia and to develop 
pharmacokinetic-pharmacodynamic models during 
i.v. anaesthesia. They found, during a threefold 
repetitive infusion of etomidate in volunteers, a 
correlation between median frequency and serum 
concentrations of the i.v. anaesthetic [8]. With 
increasing serum concentrations of etomidate, me- 
dian frequency decreased from the awake baseline 
value of about 9 Hz to the anaesthetic value of 
approximately 2 Hz. With decreasing blood concen- 
trations of etomidate, median frequency increased 
and returned to the awake value of approximately 
8 Hz. A similar relation between median frequency 
and blood concentrations of i.v. anaesthetics was 
observed by Schwilden, Schiittler and Stoeckel [9] 
and Schiittler and colleagues during anaesthesia with 
methohexitone, propofol and ketamine [11], 16]. The 
awake median frequency in their studies was approxi- 
mately 9 Hz, loss of consciousness occurred at about 
5 Hz, the corneal reflex was absent at approximately 
2 Hz and a burst suppression pattern occurred at 
about 1.5 Hz. The burst suppression patterns dis- 
appeared at median frequencies of approximately 
1.8 Hz, the corneal reflex returned at approximately 
2 Hz, responsiveness returned at approximately 5 Hz 
and orientation occurred at approximately 6—7 Hz. 
In one study, concentrations of isoflurane and 
nitrous oxide of 1.3 and 1.5 MAC, respectively, were 
associated with an EEG median frequency of less 
than 5 Hz and adequate intraoperative anaesthesia 
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[10]. In this study median frequency was greater 
than 5Hz, when subjects were conscious and 
responsive. 

Drummond and co-workers studied the processed 
EEG during general anaesthesia with isoflurane and 
during emergence from anaesthesia [12]. Most 
patients showed an increase in median frequency and 
SEF immediately before arousal compared with 
anaesthesia. Nevertheless, because of the range of 
overlap between anaesthesia and arousal, the sen- 
sitivity and specificity of median frequency and SEF 
in predicting arousal during anaesthesia was low, as 
in this study. They concluded that none of the EEG 
descriptors can serve as a completely reliable pre- 
dictor of imminent arousal during anaesthesia. 

Dwyer and co-workers found that the EEG could 
not predict depth of isoflurane anaesthesia [17]. 
They found that EEG activity and SEF decreased 
dose-dependently during anaesthesia with iso- 
flurane. Nevertheless, the SEF of patients who 
moved purposefully in response to incision was 19.8 
and did not differ from the SEF of 19.3 in patients 
who did not move. Memory of information presented 
during general anaesthesia did not correlate with 
values of any of the derived EEG variables. Response 
to commands in the intraoperative period was 
associated with lower anaesthetic concentrations of 
isoflurane, but there was no difference in the derived 
EEG variables between responders with an SEF of 
22.1 and non-responders with an SEF of 21.3. 

Unfortunately, there are no other clinical studies 
that have investigated the usefulness of the derived 
EEG variables, median frequency or SEF, in 
predicting intraoperative movements, arousal, 
awareness or memory formation for the commonly 
used anaesthetics. It seems that the typical clinical 
environment, in which multiple drugs are given and 
clinical end-points are not defined clearly, the 
success in determining depth of anaesthesia and 
predicting intraoperative movements and arousal 
with EEG variables is limited. 
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The reinforced laryngeal mask airway for dento—alveolar surgery 


A. C. QUINN, A. SAMAAN, E. M. MCATEER, E. Moss AND M. VUCEVIC 





Summary 


We have evaluated the reinforced laryngeal mask 
airway (LMA) for use during dento—alveolar surgery 
in 100 ASAI and I! day-case patients allocated 
randomly to receive either a nasotracheal tube or 
reinforced LMA. We recorded ease of airway 
insertion, airway complications, quality of recovery 
and replies to a 24-h postoperative questionnaire. 
In addition, a fibreoptic assessment was made of 
laryngotracheal soiling, and the effect of head 
movement and the position of the reinforced LMA. 
There were no significant differences in difficulty in 
airway positioning or perioperative oxygen de- 
saturation. Nineteen patients in the nasotracheal 
tube group had epistaxis (P = 0.001) and laryngo- 
tracheal soiling occurred in three of these patients. 
Two reinforced LMA were dislodged on moving 
into the operating theatre and in a further five 
patients in this group there was partial airway 
obstruction (compared with none in the naso- 
tracheal tube group; P = 0.018) which was caused 
by downward pressure on the mandible by the 
surgeon. There were no differences in postoperative 
complications. No surgeon reported poor access to 
the operating field. Overall the reinforced LMA 
provided satisfactory conditions for this surgery but 
vigilance of the airway was required, especially at 
the time of extraction: (Br. J. Anaesth. 1996; 77: 
185-188) 


Key words 


Equipment, masks anaesthesia. Complications, airway obstruc- 
tion. Surgery, dental. 


Anaesthesia for oral surgery requires a technique 
which provides a stable, unobstructed airway and 
permits good surgical access with few complications. 
Recent studies on adenotonsillectomy procedures [1, 
2] showed that the Brain reinforced laryngeal mask 
airway (LMA) provided a satisfactory airway and 
protection against soiling from the operation site. 
The reinforced LMA has potential for airway 
management during surgical exodontic procedures 
and although this is a commonly used technique [3, 
4}, a recent review [5] has highlighted the lack of 
standardized, randomized studies in this area. To 
our knowledge no study has been performed to 
quantify the problems in a standardized, controlled 
manner. 

In this study, we assessed the following: main- 
tenance of the airway, protection against soiling and 
any effects resulting from manipulation of the 
temporo~mandibular joint, and movement of the 


reinforced LMA, which are more pronounced in oral 
surgery. 


Patients and methods 


After obtaining local Ethics Committee approval and 
written, informed consent, we studied 100 con- 
secutive ASA I and II patients undergoing day-case 
oral surgery (predominantly surgical extraction of 
wisdom teeth). Patients were allocated randomly to 
one of two groups: group A received the reinforced 
LMA and group B the plastic nasotracheal 
Mallinckrodt tube (size 7.0 in men and 6.5 in 
women). Patients were aged 18-60 yr with no pre- 
existing lung pathology. Exclusion criteria were 
contraindications to the use of the reinforced LMA, 
such as obesity and gastro—oesophageal reflux. 

The reinforced LMA was inserted according to 
the manufacturer’s recommended technique [3]. 
Most adults had a size 4, apart from females < 50 kg. 
In both groups anaesthesia was induced with 
propofol 1-2 mgkg™ and fentanyl 1 ug kg, and 
maintained with isoflurane and 70 % nitrous oxide in 
oxygen. In group A, patients breathed isoflurane and 
nitrous oxide in oxygen spontaneously via the 
reinforced LMA. In order to facilitate moving the 
tube to the other side of the mouth if bilateral 
procedures were being undertaken, the reinforced 
LMA was not taped in position. In group B, 
mivacurium 0.15 mg kg`! was used to facilitate 
nasotracheal intubation and maintain paralysis for 
IPPV with isoflurane and nitrous oxide in oxygen. 
The nasopharynx was not treated with a vaso- 
constrictor before inserting the nasotracheal tube, 
however, the nasotracheal tubes were warmed before 
use. During the procedure all patients received 
ketorolac 10 and 20 mg i.v. for postoperative an- 
algesia and a gauze pharyngeal pack was inserted in 
both groups. 

The following were monitored throughout the 
procedure: ECG, non-invasive arterial pressure, 
oxygen saturation, inspired oxygen and end-tidal 
carbon dioxide concentration, and isoflurane concen- 
trations. Airway pressure and neuromuscular func- 
tion were monitored in patients in group B. The 
technical problems encountered with each airway 
were noted. These included difficult insertion, 
epistaxis, displacement of the reinforced LMA, 
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repositioning and whether or not mandibular sup- 
port was required to maintain airway patency at any 
point in the procedure. 

After surgery we increased the inspired con- 
centration of isoflurane to 3% in 100% oxygen, the 
larynx, trachea, or both, were inspected for soiling 
from blood or secretions, and the position of the 
reinforced LMA was checked. We used the Keymed 
fibreoptic laryngoscope and advanced it no further 
than just through the grill of the mask or past the tip 
of the nasotracheal tubes unless there was obvious 
airway soiling distally. In group A patients under- 
going bilateral procedures, the airway was also 
examined after extractions on the first side in order 
to assess any effect of the surgeons moving to the 
contralateral side. At the end of surgery the phar- 
yngeal pack was removed, the pharynx was cleared 
by suction and the patients emerged from anaesthesia 
and in the left lateral position, head down. In group 
A, the reinforced LMA was removed in recovery 
when the patients awoke; the dental packs on the 
extracted tooth sockets prevented biting on the 
mask. In group B patients, the trachea was extubated 
with the patient awake. 

During recovery, the following variables were 
noted by the recovery staff: airway maintenance— 
easy, mandibular support or airway required, airway 
conditions—good, coughing, biting, laryngeal 
spasm, suction—easy/difficult/not required, and 
desaturation <95%. After the procedure the an- 
aesthetist and surgeon were asked to grade the 
quality of the airway and surgical access, respect- 
ively, as excellent, good, fair or poor. 

Before the patients left the institute they were 
given a questionnaire to complete 24 h after opera- 
tion, and their replies obtained by telephone from 
one of the investigators (A. C.Q., A.S.). 

Data were analysed using SPSS v6 for Windows 
statistical package. Chi-square and ż tests were used 
as appropriate. Significance was considered at P < 
0.05. 


Results 
In total, 100 consecutive patients were recruited to 
the study, 50 in the reinforced LMA group (group 


Table 1 Patient data (mean (range) or number). No 
significant differences between groups 


Reinforced Nasotracheal tube 
Total (n = 100) (n = 50) (n = 50) 
Age (yr) 26 (19-42) 26 (17-60) 
Sex (M/F) 15/35 Male = 20/30 
Teeth extracted 2.5 (1-4) 2.8 (1-4) 
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A) and 50 in the nasotracheal group (group B). 
There were no significant differences in patient data 
between the groups (table 1), and there were more 
females than males. 

There were no significant differences in the 
incidence of difficulties with positioning of the 
airway, but in group A, two patients required 
repositioning of the reinforced LMA which was 
dislodged in transit from the anaesthetic room to 
theatre (table 2). There was a significantly greater 
incidence of epistaxis in the nasotracheal tube group 
(19 compared with 0; P=0.001) and a higher 
incidence of partial obstruction in the reinforced 
LMA group (five compared with no cases: P= 
0.018). 

On fibreoptic examination of the airway during 
reinforced LMA anaesthesia, we found that in 25 
cases the epiglottis was positioned outside the mask 
and in 33 cases the reinforced LMA was positioned 
centrally over the larynx. There was no laryngo- 
tracheal soiling with blood or debris in group A. 
Fibreoptic examination of the nasotracheal tube 
group showed that there were three cases of tracheal 
soiling with blood, all associated with epistaxis after 
passage of the tube. Soiling consisted of small spots 
of blood in the trachea below the tube, but there was 
no evidence of obstruction. One patient in group B 
developed bronchospasm after induction resulting in 
mildly increased airway pressures, which stabilized 
spontaneously during maintenance with isoflurane. 

Desaturation did not occur in either group before 
or during operation, but in the recovery period 
saturation occurred most often in group B (six 
compared with two; ns). Desaturation was transient 
and Sao, did not decrease to less than 90% with 
supplementary oxygen 4 litre min“. After operation 
there were no other problems with airway man- 
agement, but the recovery staff reported a quali- 
tatively superior recovery with the reinforced LMA. 

There was an 88 % reply rate to the questionnaire 
which was distributed evenly between the groups 
(table 3). There was no significant difference between 
the groups in the incidence or severity of post- 
operative headache, nausea, vomiting, sore throat, 
thirst, jaw pain, hoarseness or preoperative anxiety. 
Overall there was a low incidence of nausea (75% 
experienced no nausea) together with a very low 
incidence of vomiting (5.7%). After operation, sore 
throat occurred in 58.9% of patients which was 
mostly of a mild nature. The majority (60-70 %) of 
patients experienced moderate or severe jaw pain 
after operation. 

Comparing overall satisfaction with the airways, 
anaesthetists felt that both tubes provided an 
excellent airway in the majority of patients (group B, 


Table 2 Intraoperative observations. * Dislodged in transit from anaesthetic room to theatre 


Reinforced LMA 
(n = 50) 


Epistaxis 

Difficult to position 

Partial obstruction 

Repositioning* 

Desaturation in the recovery period 


bon uno 





Nasotracheal tube 

(n = 50) P 

19 0.001 
3 ns 
0 0.018 
0 ns 
6 ns 





LMA for dento-alveolar surgery 


Table 3 Replies to the postoperative questionnaire (88% reply 
rate). No significant differences between groups 


Reinforced LMA Nasotracheal tube 
(n= 50) (n = 50) 
Sore throat 
Nil 18 20 
Mild 15 18 
Moderate 9 4 
Severe 4 4 
Headache 19 12 
Nausea 9 13 
Vomiting 2 3 
Jaw pain 35 30 
(moderate/severe) 


Table 4 Overall satisfaction with each airway 
Airway Rating 


Reinforced LMA 


3 
Fair 5 
Nasotracheal tube Excellent 49 
(n = 50) Good 1 
Fair 0 

Access Surgeon 

Reinforced LMA Excellent 
(n = 50) Good 


Nasotracheal tube 


49 compared with group A, 42) (table 4). The 
reinforced LMA provided only a fair airway in five 
patients which accounts for the cases of partial 
obstruction. On no occasion was either airway 
described as poor. Surgical satisfaction with access 
was noted as excellent in the majority of patients 
(group B, 50 compared with group A, 43); none 
considered access poor in any case. 


Discussion 


The purpose of this study was to assess conditions 
provided by the reinforced LMA during oral surgery 
compared with nasotracheal intubation. Although 
we are aware of its widespread use in this area, we 
felt it was important to fully study the advantages 
and disadvantages of the technique and confirm its 
safety. The use of the LMA in various oral surgical 
procedures has been studied extensively but the 
following features have not been elucidated fully: 
inspection of the position of the mask and ob- 
struction of the airway, and perioperative problems, 
including airway access, postoperative sore throat 
and nausea and vomiting, compared with naso- 
tracheal intubation. Our results showed that the 
reinforced LMA may be used safely in place of 
nasotracheal intubation during anaesthesia for ex- 
traction of wisdom teeth. The mask provided a clear 
and effective airway in 90 % of cases until emergence 
from anaesthesia and also provided good surgical 
access. It is worth noting that this study was carried 
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out at a University Dental Institute where many 
inexperienced trainee oral surgeons were performing 
the extractions but who coped well with the 
reinforced LMA in the oral cavity. 

We inserted the reinforced LMA according to the 
manufacturer’s instruction but initially found the 
technique moderately difficult, presumably because 
of lack of experience with the technique. A recent 
article examining 1500 LMA insertions by a single 
anaesthetist [6] illustrates this learning curve—there 
was an improvement in the author’s technique after 
the first 750 insertions. The reinforced LMA was 
not taped to the face during bilateral procedures to 
enable the surgeon to move the tubing of the 
reinforced LMA if access was poor or on changing 
operating sides (it was more troublesome to attempt 
to remove tape under the surgical drapes halfway 
through the procedure). No repositioning of the 
reinforced LMA was required as a result of obstruc- 
tion during operation. The need for repositioning 
on two occasions occurred on transit from the 
anaesthetic room to theatre where the mask was 
accidently pulled out. Both masks were repositioned 
easily before commencing surgery. 

In the five reinforced LMA cases in which partial 
obstruction occurred, this was caused during down- 
ward pressure on the mandible as the forceps were 
applied round the tooth to remove it from its socket. 
Unfortunately we were unable to assess the position 
of the reinforced LMA at that point although we can 
speculate that it may have been pushed up more 
against the proximal anterior laryngeal wall. All 
obstructions were corrected by counter pressure on 
the mandible. Overall the rate of obstruction was 
similar to that found previously [7—9] but there was 
no correlation with the position of the reinforced 
LMA over the cords with respect to the epiglottis 
and the incidence of obstruction. 

Interestingly three cases in the nasotracheal tube 
group were difficult to position, indicating that the 
standard technique was not without problems. Also, 
there was a high incidence (38 %) of epistaxis and the 
only three cases of laryngotracheal soiling occurred 
in this group. However, we did not pretreat the 
nasopharynx with a vasoconstrictor. 

We were surprised that in the reinforced LMA 
group there was a high incidence of severe or 
moderate sore throat compared with the nasotracheal 
tube group, contrary to previous findings [10]. In 
part this may have reflected our inexperience with 
the reinforced LMA (proportionately more sore 
throats early in the study) but it is more likely to be 
caused by a gauze dental pack in the pharynx. We 
deliberated on whether or not the pack was necessary 
as it has the potential to displace the reinforced 
LMaA leading to obstruction and may be superfluous 
as the LMA affords excellent airway protection from 
secretions from above (but not below) [11]. However, 
given the degree of soiling of some of the packs we 
preferred to use them and so minimize blood- 
/secretions entering the stomach. This may be 
reflected in the low incidence of postoperative nausea 
and vomiting given the young age of the patients, the 
high proportion of females, the type of surgery and 
the fact that no antiemetics were prescribed. 
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Isoflurane waste gas exposure during general anaesthesia: the 
laryngeal mask compared with tracheal intubation 


K. H. Hograur, C. KOLLER, W. JAKOB, K. TAEGER AND J. HOBBHAHN 


Summary 


We have compared exposure to isoflurane while 
using the laryngea! mask airway (LMA) during 
anaesthesia under positive pressure ventilation with 
exposure while using tracheal intubation. Trace 
concentrations of isoflurane were measured directly 
using a highly sensitive photoacoustic infrared 
spectrometer (Bruel and Kjaer 1302, Denmark) 
during general anaesthesia in 20 eye surgery 
procedures. Measurements were made at six 
locations (three personnel-related, three leakage- 
related) in the operating theatre. Despite some high 
isoflurane values (greater than 2000 ppm at one 
leakage-related measurement point) all measured 
values at the personnel-related points were low 
(the majority were less than isoflurane 2 ppm). In 
the LMA group, mean trace concentrations were 
slightly higher than in the tracheal tube (ET) group. 
Mean exposure to isoflurane, expressed as median 
(range) related to anaesthetic administration, was 
highest for the auxiliary nurse (0.64 (0.22- 
26.89) ppm for the LMA compared with 0.31 
(0.02-1.07) ppm for the tracheal tube), followed 
by the anaesthetist (0.50 (0.28-2.28) ppm for the 
LMA compared with 0.35 (0.02-0.73) ppm for the 
tracheal tube) and the surgeon (0.36 (0.20- 
3.93) ppm for the LMA compared with 0.29 
(0.01-0.50) ppm for the tracheal tube). We con- 
clude that the use of the LMA in patients under- 
going ventilation is not associated necessarily with 
high concentrations of isoflurane in a modern 
working environment (Br. J. Anaesth. 1996; 77: 
189-193) 


Key words 


Anaesthetics volatile, isoflurane. Anaesthesia, general. Equip- 
ment, masks anaesthesia. Intubation tracheal. 


American and most European public health 
authorities recommend threshold values (table 1) for 
occupational exposure to trace concentrations of 
volatile anaesthetic agents. The National Institute 
for Occupational Safety and Health (NIOSH) 
recommends that occupational exposure to halogen- 
ated anaesthetic agents, when used as the sole 
anaesthetic, should not exceed 2 ppm, expressed as 
time-weighted averages (TWA) [1]. In European 
countries, recommended threshold values for these 
agents range from 2 to 20 ppm. Most of the national 


exposure standards are related to an 8-h TWA, 
although the NIOSH values relate to TWA over the 
period of anaesthetic administration. 

The laryngeal mask airway (LMA) is a relatively 
new device for management of the airway during 
general anaesthesia [2]. Brain and colleagues stated 
that the LMA was gas-tight in positive pressure 
ventilation up to 30 cm H,O [3]. A recent study has 
shown mean leak values of up to 27 % of the inspired 
volume during LMA use and up to 4% during 
tracheal intubation, both under positive pressure 
ventilation (IPPV) [4]. Such high leakage during 
laryngeal mask anaesthesia could result in pollution 
of the operating theatre. 

To date, data on occupational exposure of 
operating theatre personnel to theatre pollution 
during LMA anaesthesia have been available only 
for nitrous oxide. Lambert-Jensen, Christensen and 
Brynnum reported nitrous oxide exposure, com- 
paring spontaneous and controlled ventilation using 
the LMA [5], and Sarma and Leman reported low 
nitrous oxide concentrations during spontaneous 
breathing [6]. 

In this study we measured exposure to isoflurane 
while using the LMA during anaesthesia with IPPV 
in an operating theatre with air conditioning and 
scavenging systems conforming to NIOSH recom- 
mendations, and compared these concentrations with 
exposure while using tracheal intubation under 
identical conditions. In contrast with earlier studies, 
staff exposure (surgeon, anaesthetist and auxiliary 
nurse) was recorded directly at the subject’s mouth, 
and three static points (operation area, mouth of the 
patient and reservoir bag of the anaesthesia machine) 
related to potential leakage sources were also 
measured. 


Methods and materials 
STUDY POPULATION 


We studied 20 patients undergoing ophthalmological 
procedures under general anaesthesia in a prospec- 
tive, randomized study. The treatment assignments 
(tracheal tube or LMA) were contained in sequen- 
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Table 1 International threshold values. Current threshold 
values as time-weighted averages (TWA) in parts per million 
(ppm). NIOSH values refer to the time of exposure during 
anaesthetic administration, all other countries refer to an 8-h- 
workday TWA. * (Combination of nitrous oxide (N,O) and 
halogenated agents reduces the threshold value to 0.5 ppm for 
the halogenated agents) 


N,0 Halothane Enflurane Isoflurane 
Denmark 100 5 2 — 
France — 2 — — 
Germany 100 5 20 — 
Italy 100 — — — 
Norway 100 5 2 2 
Sweden 100 5 10 10 
Switzerland — 5 — — 
USA-NIOSH* 25 2 2 2 
USA-ACGIH 50 50 75 — 
UK 100 10 50 50 
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air conditioning vents 


Re Air conditioning exhausts 
@ Measurement points 


(=~) Doors 








Figure 1 Ground plan of the operating theatre and locations of 
the measurement points. 


tially ordered sealed envelopes, which were opened 
before induction of anaesthesia. Ten patients 
received an LMA (group 1) and 10 patients a 
tracheal tube (ET = group 2). The study did not 
influence routine patient management. Induction, 
maintenance and emergence from anaesthesia were 
performed in the operating theatre. Anaesthesia was 
induced with propofol 1.5-3.0 mg kg™ (until loss of 
eyelash reflex) and maintained with i.v. alfentanil 
and isoflurane, and 65% air in oxygen. Adminis- 
tration of isoflurane as the sole volatile anaesthetic 
agent was started after insertion of either the LMA 
or tracheal tube. A size 4 laryngeal mask was inserted 
by one of two anaesthetists using the technique 
recommended by the manufacturer. Tracheal RAE 
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tubes (Mallinckrodt Medical, Germany) with an 
internal diameter of 7.5 mm or 7.0 mm were used for 
male and female patients, respectively. Fresh gas 
flow was 4 litre min“. A new low-leakage [7] Sulla 
808 V (Draeger, Germany) was used as the an- 
aesthesia machine. Inspiratory isoflurane concen- 
tration and ventilation pressures were recorded using 
a Capnomac infrared analyser (Datex, Finland). The 
waste gas outlets of both the anaesthesia machine 
and the infrared analyser were connected to the 
central scavenging system (60 litre min“) of the 
hospital. 


WORKPLACE DESCRIPTION 


The air volume of the operating theatre in this study 
was 130 m°. Ventilation and air conditioning systems 
were separate from those serving other rooms of the 
hospital. Connections between the recovery room, 
other operating theatres and the operating theatre of 
the study did not exist. Air conditioning was 
performed by a Jaminar flow system producing an air 
change rate of 20 changes per hour (2600 m? h`?) 
without recirculation. The location of the area below 
the air conditioning vents is shown in figure 1. 


SAMPLING STRATEGY 


Trace concentrations of isoflurane were measured 
directly using a highly sensitive photoacoustic 
infrared spectrometer (Bruel and Kjaer 1302, 
Denmark). The lower detection limit for isoflurane 
was 0.009 ppm and accuracy was within +2% ofthe 
measured value. Gas was sampled under ambient 
pressure conditions using 8-m lengths of polyamide 
tubes (Siegle, Germany). Air samples were obtained 
sequentially at six locations (fig. 1) in the operating 
theatre using a Bruel and Kjaer 1303 multipoint 
sampler. Three measurement points were personnel- 
related: AN = anaesthetist, S = surgeon, AX = 
auxiliary nurse. Sampling tubes were fitted at the 
operating theatre personnel’s masks, and therefore 
air sampling was accomplished within the breathing 
zone. The other three sampling points were at the 
sites of potential leaks: OP = operation area, M = 
mouth of the patient, AM = reservoir bag of the 
anaesthesia machine. Data from the infrared spec- 
trometer were recorded continuously using a per- 
sonal computer system. Cuff pressure in the ET 
group was kept within the range of 20-30 cm H,O 
using an Endotest (Ruesch, Germany) manometer. 


MATHEMATICS 


To calculate mean exposure during administration 
of anaesthetic, concentrations were calculated for 
each anaesthetic from the area under the curves 
derived from intermittent measurements. These 
mean trace concentrations for each anaesthetic and 
all locations are plotted in figure 2. Median and 
range were calculated for each location and group 
and presented in table 3. Between-locations and 
between-group comparisons were performed using 
the Wilcoxon test (P < 0.05). 


Laryngeal mask and isoflurane waste gas exposure 


Results 


Both anaesthetists were experienced in inducing and 
maintaining general anaesthesia using the LMA or 
tracheal tube. The masks were introduced suc- 
cessfully on the first or second attempt. 

Mean values for exposure time during anaesthesia, 
ventilation pressures, inspiratory isoflurane concen- 
tration and patient data were comparable in both 
groups (table 2). Median and ranges of mean trace 
concentrations of isoflurane in both groups are 


Table 2 Patient data (mean (sD) or number) 


LMA group ET group 
(n = 10) (n= 10) 
Duration of anaesthesia (min) 72 (34) 79 (24) 
Surgical procedure 
Cataract 9 7 
Vitrectomy 1 2 
Cerclage 0 1 
Sex (M/F) 7/3 6/4 
Ventilation pressures (cm H,0) 
PEEP 4.1 (1.1) 4.2 (1.2) 
Plateau 15.8 (2.4) 15.7 (3.5) 
Peak 21.8 (2.8) 22.4 (4.9) 
Inspiratory isoflurane 1.21 (0.25) 1.18 (0.24) 


concentration (vol %) 


Table 3 Median (range) mean trace concentrations related to 
the time over the duration of anaesthetic administration at the 
different measurement points in the operating theatre. Values 
are in parts per million (ppm). Significant differences (P < 
0.05): * within leakage-related values; ¢ between groups 





Location LMA group ET group 
Personnel-related values 
Anaesthetist 0.50 (0.28-2.28) 0.35 (0.02-0.73) 
(AN) 
Surgeon (S) 0.36 (0.20-3.93) 0.29 (0.01-0.50) 
Auxiliary nurse 0.64 (0.22-26.89) 0.31 (0.02-1.07) 
(AX) 
Leakage-related values 
Operating area 2.54 (0.22-31.02) 0.32 (0.06-0.76) 
(OP) 
Patient’s mouth 32.81 (0.46-2150)*f 0.89 (0.32-11.42) 
(M) 
Anaesthesia 0.37 (0.26~3.36) 0.30 (0.05-0.92) 
machine (AM) 
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shown in table 3. Distributions of mean trace 
concentrations of the individual anaesthetic pro- 
cedures are illustrated in figure 2. 

In the ET group, all personnel-related mean trace 
concentrations were less than isoflurane 2 ppm. In 
the LMA group at the locations of both the 
anaesthetist and the surgeon, one of 10 means 
exceeded this value. In the position occupied by the 
auxiliary nurse, three of 10 values exceeded 2 ppm. 
These higher values occurred during anaesthetic 
procedures in which values greater than isoflurane 
100 ppm at the patient’s mouth were measured. Any 
statistically significant differences in mean trace 
concentrations within the personnel-related 
measurement points and between the ET and LMA 
group were detected (P < 0.05). 

Leakage-related values indicated that the artificial 
airway was the main leakage source in both groups. 
Trace concentrations were higher and variation was 
greater in the LMA group than in the ET group. 
The difference between the concentrations was 
statistically significant between the ET and LMA 
groups, and within the leakage-related LMA values 
at point M. Trace concentrations at locations AM 
and OP were comparable between the groups and 
within the leakage-related values, 


Discussion 


Some studies suggest that chronic exposure to trace 
concentrations of volatile anaesthetics may result in 
various forms of untoward health responses [8, 9]. 
The limitations of epidemiological studies have been 
discussed [10, 11]. Because of flaws in the epidemi- 
ological investigations and a lack of data concerning 
dose relationships, it has not been possible to 
establish an aetiological connection between such 
untoward health responses and waste anaesthetic 
gases [12]. 

To maintain low occupational exposure, NIOSH 
has also outlined a number of criteria for the 
workplace [1]. These criteria were fulfilled in this 
study. (1) The anaesthesia machine was connected to 
a central high-flow scavenging system (60 litre 
min`). (2) Leakage from the breathing system of a 
typical Draeger Sulla 808V was 22.8 ml min™ [7], 
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Figure 2 Distribution of mean trace concentrations of isoflurane at different locations (AN = anaesthetist, S = 
surgeon, AX = auxiliary nurse, OP = operating area, M = mouth of patient, AM = anaesthesia machine) in the 


LMA and ET groups. 
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far below the leakage value of 150 ml min`! proposed 
by the Draft European Standard Anaesthetic Work- 
stations and Their Modules. (3) Anaesthetic gas flow 
was started after insertion of the artificial airway 
(LMA or tracheal tube). Intermittent face mask 
ventilation with isoflurane was not performed. (4) 
Room ventilation comprised 20 changes per hour, 
with no air being recirculated. (5) The waste gas 
outlet of the anaesthetic gas monitor, a potential 
source of contamination [13], was connected to the 
hospital’s central scavenging system (60 litre min“'). 

Trace concentrations of anaesthetics may be 
measured either off-line by gas chromatography or 
on-line using direct reading instruments. The system 
used in this study has some advantages over other 
direct reading instruments such as the MIRAN 
series. Using photoacoustic infrared spectrometry, 
detection levels are lower and accuracy is greater 
because of the possibility of cross-compensation for 
other gaseous substances present in the operating 
theatre. The Bruel and Kjaer 1302 photoacoustic 
infrared spectrometry system allows detection limits 
as low as isoflurane 0.009 ppm, with an accuracy of 
+2% [14, 15]. 

Mean trace concentrations were calculated for 
each anaesthetic from the area under the curves 
derived from the intermittent measurements made 
by the measurement system, reflecting exposure 
during the period of anaesthetic administration 
neglecting, for example, intervals between 
operations. We believe this method may reflect 
accurately occupational exposure during anaesthesia; 
on the other hand, corrections to an 8-h working 
day can be performed easily or could be adapted to 
individual working shift conditions. 

Leakage from the artificial airway appeared to be 
the main source of occupational exposure. In the 
LMA group, 60 % of the mean values measured near 
the patient’s mouths were greater than isoflurane 
10 ppm. Peak concentrations exceeding 100 ppm 
were recorded in some cases, but there was no 
relation to higher ventilatory pressures in these 
cases. In the ET group, in one patient, isoflurane 
mean values exceeded 10 ppm. Variation of the mean 
values was less for the ET group than for the LMA 
group. 

‘Trace concentrations recorded at the reservoir bag 
of the anaesthesia machine were all less than 5 ppm, 
which is consistent with the reportedly low leakage 
rate from the breathing system of this machine [7]. 

As expected with this type of surgery (eye 
surgery), because of the proximity of the measure- 
ment point “OP” to the main leakage source, point 
“M”, mean values recorded at point “OP” probably 
do not reflect a specific contribution to air con- 
tamination. 

Despite the high trace concentrations near the 
patient’s mouth, most personnel-related mean trace 
concentrations were less than the strict NIOSH limit 
of 2 ppm of isoflurane. Higher mean trace concen- 
trations (three of 10) at the position of the auxiliary 
nurse occurred during anaesthetic procedures in the 
LMA group in which substantial leakage from the 
patient’s mouth was detected. In these patients, at 
the locations of both the anaesthetist and the 
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surgeon, only one of 10 mean values exceeded 
2ppm. The higher levels for the auxiliary nurse 
could be explained by the position outside the main 
airflow of the air conditioning system and air 
movement from the laminar air flow field to the air 
exhausts in the corners of the operating theatre (fig. 
1). The workplaces of the surgeon and anaesthetist, 
however, were within the main air flow, which 
probably explains why their mean concentrations 
were mainly less than 2 ppm in both groups. 

With tracheal intubation, values of isoflurane in 
our study were less than those of other studies, 
which have reported concentrations of isoflurane 
2.4-12 ppm [16], 3-11 ppm [17] and 13.4-21.0 ppm 
[18]. The higher values in these studies may be a 
result of less effective air conditioning systems, lack 
of a scavenging system or higher leakage from the 
anaesthesia machines [16-18]. 

Until now occupational exposure during general 
anaesthesia using the LMA has been measured only 
for nitrous oxide. Lambert-Jensen, Christensen and 
Brynnum found a higher, but non-significant 
difference in trace concentrations with controlled 
ventilation compared with spontaneous breathing. 
Nitrous oxide concentrations were 7.0—24.0 ppm 
under controlled ventilation and 7.5—18.4 ppm dur- 
ing spontaneous breathing [5]. Sarma and Leman 
reported that the LMA resulted in minimal theatre 
pollution during spontaneous ventilation. Nitrous 
oxide peak level ranged from 15 to 37 ppm [6]. 

A previous study on tracheal intubation and 
nitrous oxide pollution performed under identical 
working place conditions showed median trace 
concentrations at the personnel-related measurement 
points of 11.4-19.6 ppm [19]. 

We conclude that anaesthesia using the LMA in 
patients undergoing ventilation may be associated 
with high concentrations of isoflurane near the 
patient’s mouth because of higher leakage rates. 
Using an effective high-flow scavenging system and 
air conditioning equipment that provided 20 changes 
of air per hour without recirculation, and a low- 
leakage anaesthesia machine, mean trace concen- 
trations in the working environment may be almost 
as low as those associated with anaesthesia using 
tracheal intubation. Under other circumstances (e.g. 
lower air change rates), trace concentrations of 
isoflurane may be higher. 
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Ventilatory effects of eltanolone during induction of anaesthesia: 
comparison with propofol and thiopentonet 


H. J. SPENS AND G. B. DRUMMOND 


Summary 


We recorded the ventilatory effects of eltanolone 
0.75 mg kg™', propofol 2.5 mg kg™ and thiopen- 
tone 4mgkg™ at induction of anaesthesia in 76 
unpremedicated patients, aged 18—65 yr. Measure- 
ments were made using a pneumotachograph 
incorporated between a close-fitting face mask and 
a T-piece delivering 35% oxygen. Eltanolone 
caused significantly less apnoea than propofol 
{incidence 57% vs 100%) and less reduction in 
ventilation than propofol (median maximum de- 
crease 4.8 vs 7.8 litre min’), but the differences 
between eltanolone and thiopentone were smaller 
and generally not significant. Ventilatory frequency 
was maintained well in the eltanolone group. (Br. J. 
Anaesth. 1996; 77: 194-199). 


Key words 


Anaesthetics i.v., eltanolone. Anaesthetics i.v., propofol. Anaes- 
thatics i.v., thiopentone. Ventilation, effects. Ventilation, apnoea. 


The anaesthetic properties of some steroids have 
been recognized for more than 50 yr [1]. However, 
the development of these compounds for clinical use 
has been slow, because of adverse events with water- 
soluble agents [2—4] and the lack of a suitable solvent 
for lipid-soluble agents. 

Eltanolone (3a-hydroxy-5B-pregnane-20-one, 
pregnanolone) has been known as a potent an- 
aesthetic since 1957 [5]. An emulsion formulation of 
eltanolone, with the agent dissolved in the lipid 
phase of an oil-water emulsion, is now available 
(Careltan, Pharmacia). Potential advantages of this 
new drug, in comparison with currently available 
induction agents, include a high therapeutic ratio 
and lack of pain on injection. In addition, pre- 
liminary studies have reported less apnoea [6, 7], in 
keeping with findings with earlier steroid induction 
agents [8, 9]. 

Lack of depression of ventilation is advantageous 
in anaesthesia if neuromuscular blocking agents are 
not used, allowing smooth transition from i.v. to 
inhalation anaesthesia and helping to prevent hypo- 
xia. The aim of this study was to investigate the 
ventilatory effects of eltanolone at induction of 
anaesthesia, and to compare these effects with those 
of propofol and thiopentone. 


Patients and methods 


After obtaining local Ethics Committee approval and 
written informed consent, we studied 76 ASA I and 
II patients, of both sexes, aged 18—65 yr, undergoing 
elective surgery. We excluded patients who were 
more than 50% above ideal weight for height 
(Metropolitan Life Insurance Company tables), 
pregnant, who had significant respiratory disease, 
anaesthetic drug allergy, who abused alcohol or 
other substances or who were receiving any medi- 
cines which might affect ventilation. Patients re- 
ceived no premedication and were allocated randomly 
to receive eltanolone 0.75 mgkg™!, propofol 
2.5 mg kg"! or thiopentone 4 mg kg™ for induction 
of anaesthesia. These doses have been shown to be 
approximately equipotent [7, 10]. 

After arrival in the anaesthetic room ani.v. cannula 
was inserted. Inductance bands were positioned 
around the chest and abdomen and connected to a 
respiratory inductance plethysmograph. The signals, 
representing dimensional changes in the rib cage and 
abdomen with respiration, were recorded using 
commercial respiratory monitoring software 
(Cardas, version 2.07 advanced, Oxcams, Oxford), 
running in MS-DOS (version 6.20), onto a lap-top 
computer. These bands allowed detection of upper 
airways obstruction by comparison of chest wall 
movement and respired volumes. Patients lay on a 
mattress filled with polystyrene beads that was made 
rigid to prevent body movement (Vac-Pac, 
Howmedica). Patients breathed 35 % oxygen from a 
T-piece, through a screen pneumotachograph 
(F100L, Mercury Electronics) and a tight-fitting 
face mask with a wide pneumatic seal (Downs CPAP 
mask No. 9002, Vital Signs Inc., NJ, USA), held in 
place with both hands by the anaesthetist. The 
pneumotachograph was connected to a differential 
pressure transducer (+10 mm H,O), Furness) and 
the resulting flow signal was also recorded. The 
system was calibrated in the laboratory using a series 
RT200 calibration analyser (Timeter Instrument 
Corporation, Missouri, USA) and was linear up to 
40 litre min“. Immediately before each study, the 
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Figure 1 Part of a typical recording, with respiratory flow and 
dimensions of the rib cage and abdomen., The induction agent 
was given over 30 s, starting at time 0. 


calibration was checked against a flowmeter (its 
accuracy had also been verified in the laboratory) and 
was considered acceptable if the error was less than 
+5%. A pulse oximeter (Ohmeda Biox 3700) was 
used to measure oxygen saturation and heart rate and 
these signals were also recorded on the computer. 

After a period of 3-5 min of stable breathing, the 
induction agent was administered over 30 s. Ligno- 
caine 10 mg was mixed with propofol to prevent pain 
on injection. The moment of loss of consciousness 
was noted from when the patient dropped a metal 
rod held between the thumb and index finger. If 
consciousness was not lost within 120s further 
anaesthetic was given and the patient was withdrawn 
from the study. The patient’s jaw was supported 
gently by the anaesthetist to prevent upper airway 
obstruction. Recordings were continued for 4 min 
from the start of induction or until the patient 
showed signs of arousal when a further dose of 
induction agent was administered. Any adverse 
events which occurred, including apnoea, were 
noted. After completion of this study, anaesthesia 
was continued as appropriate for clinical manage- 
ment. A tracing of part of a typical study is shown in 
figure 1. 

The flow signal was then analysed by a locally 
written computer program which calculated breath 
by breath values for tidal volume (VT), respiratory 
frequency (f), inspiratory time (71) and expiratory 
time (TE). Mean values over 30s were calculated 
every 30s from the start of administration of the 
induction agent. Minute ventilation (VE) was then 
obtained from the product of VT and f. A stable 
30-s period, approximately 2 min before the start of 
induction, was used to calculate control values. 

Adverse events during anaesthesia were noted. All 
patients were visited approximately 24h after op- 
eration and returned a questionnaire 2 weeks later to 
determine if any side effects had occurred. They 
were asked specifically about the severity and 
duration of nausea and vomiting, dizziness or 
lightheadedness, headaches, sore throat, rashes or 
drip site inflammation, muscle pains and cough. 
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Data were analysed using the Minitab statistical 
package (release 8.2), running in MS-DOS (version 
6.20). Non-parametric tests of significance were used 
to compare the three groups and changes from 
baseline (Kruskal-Wallis, Mann-Whitney, 
Wilcoxon signed rank sum and chi-square as ap- 
propriate). With 23 patients per group the estimated 
power of the study to detect. a difference in 
ventilation of 2 litre min™ at a significance level of 
0.05 was 0.8. 


Results 


Of the 76 patients recruited, results were available 
for analysis from 69, 23 per group. Two patients in 
the propofol group were excluded because of study 
violations, two patients (one eltanolone, one pro- 
pofol) developed upper airway obstruction after 
induction of anaesthesia, shown by normal or 
increased chest wall movements with absent or 
reduced flow, and therefore were excluded, data 
from two patients in the thiopentone group could not 
be analysed because their breathing patterns were 
too irregular, and one patient’s operation was 
cancelled after randomization to receive eltanolone. 

The characteristics of those included are shown in 
table 1. The propofol group contained more males 
and the thiopentone group more females than the 
eltanolone group, with a corresponding bias in height 
and weight. 

Induction of anaesthesia was successful in all 
patients, and the time from the start of adminis- 
tration of the induction agent to loss of consciousness 
was similar in the three groups (means 45.8, 43.5 and 
45.3 s in the eltanolone, propofol and thiopentone 
groups, respectively). 

The incidence of apnoea and the median duration 
of absent breathing are shown in table 2. Differences 


Table 1 Patient characteristics (mean (SD or range) or number) 





Eltanolone Propofol Thiopentone 
(n = 23) (n = 23) (n = 23) 
Age (yr) 37.1 37.5 37.3 
(18-58) (22-54) (20-64) 
Height (cm) 172 175 169 
(9.4) (8.4) (9.4) 
Weight (kg) 70.8 73.2 65.5 
(9.2) (10.5) (12.6) 
Sex (M: F) 13:10 16:7 7:16 


Table 2 Incidence of apnoea and duration of absent breathing 
in the three groups (number (%) or median (quartiles)) 





Eltanolone Propofol Thiopentone 
(n=23)  (n=23) (n=23) 
Number (%) apnoeic 
episodes 
Any duration 13 23 17 
G7) (100) (74) 
> 305 7 17 9 
(30) (74) (39) 
> 608 3 15 5 
(13) (65) (22) 
Duration of absent 6 88 22 
breathing (s) (0,41) (30, 113) (0, 43) 
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Table 3 Respiratory variables for the three groups for each time period (median (quartiles)). Statistical differences (P < 0.05) between drug groups are indicated (* eltanolone vs propofol, 
t elranolone vs thiopentone, $ propofol vs thiopentone). All values of minute volume and tidal volume were significantly reduced from baseline from 60 s onwards. Frequency was reduced 


significantly from baseline at 60-120 s in the propofol group, and at 60-90 s in the thiopentone group. From 150 s in the eltanolone group, 180 s in the propofol group and at 240 s in the 


thiopentone group, ventilatory frequency was significantly greater than baseline 
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between the eltanolone and propofol groups were 
highly significant (P < 0.01) but differences between 
the eltanolone and thiopentone groups were not. 

Table 3 shows the respiratory variables measured. 
Baseline ventilation and tidal volume were greater in 
patients who received propofol, probably because 
of the preponderance of males in this group. In all 
groups there was a significant reduction from base- 
line in both minute volume and tidal volume from 
60s onwards. The maximum reduction in minute 
ventilation in the eltanolone group was significantly 
less than that in the propofol group (median 4.8 
vs 7.8 litre min“), but was not significantly diffe- 
rent from the thiopentone group (6.1 litre min“). 
Similarly, tidal volumes were depressed to a greater 
extent in the propofol group. 

Ventilatory frequency, however, exhibited a some- 
what different pattern. In the eltanolone group it did 
not decrease below baseline values, unlike the 
propofol and thiopentone groups where it was 
significantly below baseline at 60-120 s and 60-90 s, 
respectively. The difference between eltanolone and 
propofol was significant at 60-150 s. In all groups 
ventilatory frequency increased above baseline 
towards the end of the study and this effect was most 
marked in the eltanolone group and least in the 
thiopentone group. 

We also analysed the minimum value of minute 
ventilation in each patient after injection. The 
median minimum minute ventilation was 3.3 
litre min“! (interquartile range 0-4.5 litre min“) in 
the eltanolone group, 0 (0-0.6) litre min™ in the 
propofol group and 0.7 (0-2.4) litre min™ in the 
thiopentone group. The minimum minute venti- 
lation tended to be reached later in the eltanolone 
group (median 90 s from the start of injection) than 
in the two other groups (median 60 s). The difference 
in treatment effect between eltanolone and propofol 
was highly significant (P < 0.01), but the difference 
between eltanolone and thiopentone was not (P = 
0.09). 

Summary spirograms have been drawn to allow 
comparison of the pattern of breathing after each 
drug, using baseline measurements and values at 
1808 (fig. 2). This time period was chosen for 
analysis because it was the first after injection 
where spontaneous respiration had restarted in 
most patients. Inspiratory time (T1) was reduced 
more in the eltanolone and propofol groups at 180 s 
compared with the thiopentone group (P < 0.05), 
corresponding to the increase in ventilatory fre- 
quency observed in these patients. Inspiratory drive, 
expressed by the gradient of the inspiratory line 
(VtT/T1), was reduced more in the propofol group 
than in the eltanolone or thiopentone groups, but 
this difference was not significant. 

There were no serious adverse events during the 
study, but several minor side effects were noted. 
Table 4 summarizes the adverse events during 
anaesthesia. Involuntary movement occurred in 10 
patients who had received eltanolone and in four 
who had received propofol. These were graded as 
moderate in three of the eltanolone group and mild 
in the remainder. They lasted between a few seconds 
and several minutes, terminated spontaneously in all 
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Figure 2 Summary spirograms for each drug; —— = baseline, 
—— = 180s. Vr/Ti was relatively well preserved with 
eltanolone and thiopentone compared with propofol, while T1 
was better preserved in the thiopentone group. 


cases and did not cause any clinical difficulty. 
Additionally, two patients in the eltanolone group 
developed hypertonus of the neck or upper limbs. 

Flushing occurred in two patients in the eltanolone 
group and in one patient in each of the other 
treatment groups. However, in all cases this occurred 
after the end of the study and was related temporally 
to the administration of other drugs known to release 
histamine rather than administration of the induction 
agent. 

Six patients who had received eltanolone coughed 
during the anaesthetic, compared with two who had 
received propofol and three who had received 
thiopentone. Additionally, one patient in the eltano- 
lone group developed laryngospasm and one patient 
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Table 4 Incidence (%) of adverse events during anaesthesia 
(all patients) 


Eltanolone Propofol § Thiopentone 
(n = 24) (n = 26) (n = 25) 
Involuntary movements 10 4 0 
(42) (15) 
Muscle rigidity 2 0 0 
(8) 
Flushing 2 1 1 
(8) (4) (4) 
Tachycardia 10 2 0 
(42) (8) 
Cough 6 2 3 
(25) (8) (12) 
Laryngospasm 1 0 0 
(4) 
Bronchospasm 0 1 0 
(4) 
SPo, < 85% 0 6 1 
(23) (4) 





Table 5 Incidence (%) of adverse events after anaesthesia (all 
patients) 


Eltanolone Propofol Thiopentone 
(n = 24) (n = 26) (n = 25) 
Nausea 7 4 9 
(29) (15) (36) 
Vomiting 4 1 6 
(17) (4) (24) 
Dizzy or lightheaded 6 5 6 
(25) (19) (24) 
Headache 3 4 0 
(13) (15) 
Sore throat 2 4 0 
(8) (15) 
Red/bruised i.v. site 2 1 0 
(8) (4) 
Cough 1 0 0 
y (4) 
Muscle pain 0 1 0 
(4) 
Other 6 6 7 
(25) (23) (28) 





in the propofol group developed bronchospasm. 
However, these adverse events were not generally 
attributable to the induction agent, but usually 
occurred if the inspired concentration of isoflurane 
was increased rapidly. Oxygen saturation decreased 
to less than 85% as a result of coughing in one 
patient after propofol, and because of prolonged 
apnoea in five patients who received propofol and 
one patient who received thiopentone. 

Tachycardia (> 100 beat min`!) was more com- 
mon after eltanolone, occurring in 10 patients 
compared with only two after propofol and none 
after thiopentone. However, this was probably 
directly attributable to eltanolone in only two cases, 
with insufficient depth of anaesthesia and other 
anaesthetic agents being more likely causes in all 
other cases. 

Adverse events reported after operation are shown 
in table 5. Nausea and vomiting were the most 
frequently described side effects, with a greater 
incidence reported in the eltanolone and thiopentone 
groups than in the propofol group, but the dif- 
ferences were not significant. Similar numbers of 
patients in each group complained of dizziness, 
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while the incidence of all other side effects was low 
and distributed fairly evenly between the three 
groups. 


Discussion 


Our results confirmed that induction of anaesthesia 
with eltanolone in unpremedicated patients pro- 
duced much less depression of ventilation than an 
equipotent dose of propofol, in terms of reduction of 
minute volume, incidence of apnoea and duration of 
absent breathing. Ventilatory depression with eltano- 
lone was also less than that with thiopentone, but 
this was significant only at 60 s, with no significant 
difference in either the maximum reduction or 
minimum minute ventilation recorded. Ventilatory 
frequency was better maintained with eltanolone 
than with either of the two drugs, and was increased 
significantly from baseline from 150s onwards. 

A larger sample size might have revealed a 
difference between eltanolone and thiopentone. 
When we designed the study we calculated that a 
sample size of 69 would give a power of 0.8 to detect 
a difference of 2 litre in minute ventilation, at a 
significance level of 0.05, given an sp for ventilation 
of 2.2 litre min“. However, there was considerable 
variation in the reduction of ventilation, and the 
power of the study to detect a real difference in 
ventilation of 2 litre min“! was only approximately 
0.75. 

We found that the baseline value of minute volume 
was significantly greater in the propofol than in the 
eltanolone and thiopentone groups (median 8.2 vs 
7.9 and 7.2 litre min“, respectively). This was 
probably because of the difference in sex distribution 
between the three groups, and we do not consider 
the difference to be clinically important. 

In any study of ventilation using a face mask there 
is potential for measurement error for several 
reasons. Unrecognized mask leaks are one possible 
source of inaccuracy. To minimize this we used a 
face mask with a wide pneumatic rim, applied water 
soluble jelly to improve the seal if facial stubble was 
present, and held the mask firmly in place using two 
hands, allowing manual detection of escaping gas. 
Use of an end-tidal carbon dioxide monitor in a few 
patients showed normal waveforms and end-tidal 
values, confirming our belief that significant gas 
leaks did not occur. The measurement apparatus 
may itself induce changes in ventilatory pattern [11], 
but this effect is least when a face mask with high 
fresh gas flow is used, as in our system, and is less 
relevant when comparing groups as all patients 
would be equally affected. We did not make any 
recordings of arterial pressure during the study as we 
believe that inflation of a pneumatic cuff on the arm 
may have been sufficiently stimulating to affect 
respiratory pattern. 

Further investigation of eltanolone may provide 
different estimates of the relative potency, which 
could alter the interpretation of our results. Also, 
although administration of a pre-calculated bolus 
dose of induction agent over approximately 30 s is 
common clinical practice, other methods, for ex- 
ample less rapid administration to a clinical end- 
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point such as cessation of counting, could result in 
different dose requirements and ventilatory effects 
[12-14]. 

Direct comparison of our results with other studies 
is difficult because of both the variable doses 
administered and the different premedications used 
in earlier work. Additionally, our study is the first 
which has been designed to examine specifically the 
ventilatory effects of eltanolone, and therefore the 
only previous eltanolone data available for com- 
parison are observations of apnoea. 

Using eltanolone 0.75 mg kg™ we found that 30 % 
of patients were apnoeic for greater than 30 s, with 
13% being apnoeic for more than 60s. This is a 
greater incidence than reported by many earlier 
authors [6, 7, 15, 16] but, except for one study [16], 
smaller doses of eltanolone were used. After a prior 
dose of fentanyl, and a dose of 0.59-0.89 mg kg", 
given over a range of times, Myint, Peacock and 
Reilly [12] reported that 37 % of their patients were 
apnoeic for more than 30s. All patients studied by 
Kallela and colleagues [17] using eltanolone 
0.8 mg kg"! were apnoeic for more than 60 s, pro- 
bably because of the generous dose of alfentanil 
given before induction. 

There are some data available on the ventilatory 
effects of earlier steroid induction agents, and in 
general the pattern we have seen with eltanolone is 
similar. Hall, Whitwam and Morgan [18], using 
Althesin 50 and 100 pl kg? after either diazepam or 
papaveretum premedication, found an incidence of 
apnoea of 41%, lasting 8-102 s, compared with an 
incidence of 56.5%, lasting 4-119 s, in our study. 
Additionally, they described a significant reduction 
in minute ventilation at 2 and 3 min after induction 
of anaesthesia with Althesin, with an increase in 
ventilatory frequency above baseline after 3 min in 
the non-opioid groups, which are similar to our own 
observations with eltanolone. However, Campbell 
and colleagues [19], using Althesin 100-150 pl kg"! 
in unpremedicated patients, did not observe apnoea, 
but described a similar increase in ventilatory 
frequency. Savege and colleagues [8], using Althesin 
50 ul kg, also found an increase in ventilatory 
frequency after a period of apnoea averaging 23 s. 
With minaxolone 0.4 mg kg™ [9], a similar picture 
was seen, with a 25% incidence of apnoea of short 
duration, an increase in ventilatory frequency in the 
non-opioid group, and a decrease in minute ven- 
tilation. 

Our study confirms earlier work suggesting that 
both propofol and thiopentone are ventilatory depres- 
sants [8, 20-23]. However, in general, we demon- 
strated a greater effect than these earlier studies, in 
spite of the similar or lower doses we used and the 
fact that our patients were unpremedicated. The 
reasons for this are unclear, but the higher frequency 
of observations which we used, the different measure- 
ment techniques and the lower baseline ventilation 
in some of these studies may all have contributed. 
Previous reports comparing propofol with thio- 
pentone conflict as to whether or not a difference 
exists between their ventilatory effects; our results 
suggest that propofol is a more potent respiratory 
depressant than thiopentone. 
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The increase in ventilatory frequency found 
towards the end of our study when anaesthetic depth 
was presumably less, is consistent with previous 
work using a variety of agents [8, 9, 18, 20, 24-26]. 
The mechanism of this effect is uncertain, but it has 
been postulated that increased excitability of the 
inspiratory ‘“‘off-switch” is responsible [24]. Some 
steroid hormones are known to be respiratory 
stimulants [27] which may contribute to the en- 
hanced effect we found with eltranolone; however the 
similarity of this augmentation to that seen with 
propofol, when respiration restarts, raises the possi- 
bility that the lipid emulsion itself may contribute. 

We conclude that the modest ventilatory de- 
pression seen after induction of anaesthesia with 
eltanolone may be useful in allowing a smooth 
transition to inhalation anaesthesia and may also 
indicate a role in sedation. The only frequent side 
effect was involuntary movement, but this was never 
troublesome and should not affect the value of this 
new agent. 
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Effect of anaesthesia on lung function in children with asthma 


H. A. May, R. L. SMYTH, H. C. ROMER, P. H. Martin, A. R. BowHay AND D. P. HEAF 


Summary 


Spirometry was performed before operation, soon 
after recovery (“early”) and the day after (“late”) 
general anaesthesia for elective surgery in 20 
children with asthma and 20 matched children 
without asthma. Pulse oximetry was recorded on 
the first postoperative night. The mean early peak 
expiratory flow rate (PEFR) decreased in the 
asthmatics by 19.91 (95% confidence intervals (C1) 
10.84-28.97)% and in the controls by 19.25 
(10.70-27.80) %. The mean early FEV, decreased in 
the asthmatics by 16.02 (9.29-22.75) % and in the 
controls by 11.03 (2.86-19.19)%. The mean late 
decrease from baseline PEFR for the asthmatics was 
18.55 (11.23-25.87)% but only 14.93 (7.89- 
21.97) % for the controls. The mean late FEV, was 
8.2 (0.83-15.56)% below baseline in the 
asthmatics but only 6.82 (—90.79 to 14.42) % in the 
controls. There were no differences in overnight 
pulse oximetry. We conclude that healthy children 
exhibited a decrease in FEV, and PEFR after general 
anaesthesia for elective surgery, but this decline did 
not appear to be any greater in well controlled 
asthmatic children compared with children who did 
not have asthma. (8r. J. Anaesth. 1996; 77: 
200-202) 
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There is a high prevalence of asthma in childhood; a 
recent study from Scotland showed a prevalence of 
greater than 14% [1]. With an increase in the range 
of surgical, investigative and therapeutic procedures 
requiring general anaesthesia, this suggests that 
many children with asthma are being exposed to 
general anaesthesia for both elective and emergency 
procedures. Inhalation agents have been shown to 
attenuate provoked increases in airways resistance 
and decreases in lung compliance in dogs [2] and in 
humans [3,4], and have been used to treat acute 
bronchospasm [5,6]. Animal studies have shown 
that neuromuscular blockers have variable effects on 
pulmonary resistance [7]. Opioids cause central 
respiratory depression, and some opioid drugs cause 
histamine-mediated bronchospasm. To our knowl- 
edge these effects have not been studied in children 
with asthma. 

The aim of this study was to measure the effect of 
balanced general anaesthesia on respiratory function 
of children with asthma, compared with a group of 


children who did not have asthma. We also compared 
the patterns of postoperative overnight pulse oxi- 
metry in these two groups. 


Patients and methods 


The study was approved by the Research Ethics 
Committee of the Royal Liverpool Children’s Hos- 
pital NHS Trust. 

We studied all patients (the asthma group and 
controls) presenting for elective surgical procedures 
requiring general anaesthesia, aged 5-16 yr, and able 
to perform spirometry. All were free from inter- 
current infection or respiratory illness at the time of 
study. In the asthma group, all children were 
previously diagnosed as having asthma, and were 
receiving prophylactic treatment with either inhaled 
sodium cromoglycate or inhaled corticosteroids. 

The control group comprised 20 children, with no 
previous diagnosis of asthma. Children were 
excluded from the control group if they had a history 
of recurrent cough, wheeze or atopy. 

Each asthmatic child was matched with a control 
for date of birth (within 1 yr), sex and type of 
operation (nose, throat or dental surgery, for example 
tonsillectomy, extraction of teeth; body surface or 
limb surgery, for example arthroscopy of the knee, 
removal of metalwork from limb; minor lower 
abdominal surgery, for example orchidopexy, her- 
niotomy). Children undergoing major abdominal or 
cardiothoracic surgery were not studied. The tech- 
nique of anaesthesia varied according to the operative 
procedure, however, each control child received an 
anaesthetic similar to that of the matched asthmatic 
child, including premedication, method of induction, 
volatile agent, airway management, neuromuscular 
block, method of ventilation and intraoperative 
analgesia. Postoperative analgesia was prescribed 
according to the type of surgery and size of the child, 
and administered on individual request. Regular 
medication was continued in the perioperative 
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period, but additional specific bronchodilator ther- 
apy was not prescribed, unless the clinical need 
arose, 

The children were visited before operation, with a 
parent present, by one of the investigators, and 
written informed consent was obtained from the 
child (if appropriate), and parent. 

Spirometry was performed during the pre- 
operative visit using the portable Vitalograph Com- 
pact IT (Vitalograph Ltd, Buckingham, UK). Values 
for peak expiratory flow rate (PEFR), forced ex- 
piratory volume in 1 s (FEV,), forced vital capacity 
(FVC) and the ratio FEV,/FVC, were obtained for 
each child after training in the correct technique. 
These were expressed as percentage of predicted 
values for height, age and sex [8]. This was repeated 
in the “early” postoperative period (sufficient re- 
covery from anaesthesia to facilitate full effort at 
spirometry) and again in the “‘late’’ postoperative 
period (the following morning after 08:30 but before 
discharge). Spirometry measurements were carried 
out by one of three investigators (H. A. M., P.H.M. 
or H.C.R.), all of whom were trained in the lung 
function laboratory at the hospital. 

On the first night after operation, pulse oximetry 
was recorded continuously for 8 h using the Ohmeda 
3700e device (Ohmeda Ltd, Louisville, USA). The 
trend data from this monitor were downloaded onto 
a disk for analysis to produce a report of range, mean 
and frequency distribution of oxygen saturation. Of 
the 20 pairs studied, overnight pulse oximetry was 
completed only in 11 pairs. 

Data were analysed by Wilcoxon signed ranks 
matched pairs test. Postoperative spirometry values 
were subtracted from baseline values and the size of 
the difference was analysed within each group. 
Paired comparisons of changes in lung function 
between asthmatics and controls were performed by 
subtracting the percentage decrease in FEV, or 
PEFR in the early or late postoperative period for 
each control from the percentage decrease in FEV, 
or PEFR at the same time for the asthmatic with 
whom they were matched. These differences were 
compared using the paired Student’s t test. 


Results 


The asthmatic and control groups were comparable 
in age, weight, height and duration of operation. 
Preoperative PEFR and FEV, were also similar 
(table 1). 


Table 1 Patient characteristics and preoperative PEFR and 
FEV, values in asthmatics and controls (mean (range)) 





Asthmatics Controls 

Age (yr) 10.1 (6.5-15.1) 10.1 (5.5-16.0) 
Height (cm) 136 (111-165) 140 (104-173) 
Weight (kg) 34.9 (19,5-58.9) 36.8 (16.0~-61.0) 
Duration of 

operation (min) 38 (10-135) 46.6 (20-90) 
Preop. PEFR 

(% predicted) 89.7 (60-115) 81.1 (70-117) 
Preop. FEV, 

(% predicted) 88.3 (45-138) 85.0 (65-111) 
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In both groups there was a decrease in PEFR and 
FEV, in the early postoperative period, and in PEFR 
in the late postoperative period, which was greater 
than 10% and statistically significant. The decrease 
in FEV, in the late postoperative period was less than 
10% in both groups, although this decrease did 
reach statistical significance in the asthmatics (table 
2). 

There was no significant difference between the 
groups in the decline in PEFR or FEV, at either 
postoperative time (data not shown). 

Overnight pulse oximetry readings were similar 
for the asthmatics and controls in the 11 pairs 
studied. The mean difference in percentage oxygen 
saturation between asthmatics and controls was 
—0.03 (95% confidence interval —0.8 to 0.7) and 
the mean difference in time spent with oxygen 
saturations less than 90 % was 0.87 (95 % CI —0.1 to 
1.9) h. These differences were not significant. 


Discussion 


To our knowledge this is the first study to investigate 
the overall effect of balanced general anaesthesia on 
lung function in children with asthma. We have 
demonstrated that healthy children, both asthmatics 
and non-asthmatics, undergoing general anaesthesia 
for elective surgery showed a decline in FEV, and 
PEFR in the early postoperative period. There was 
no difference in overnight oxygen saturation between 
the groups, and no clinical problems were observed 
in any patient. 

Children with asthma are usually familiar with 
performing peak expiratory flow tests, and many 
have been taught how to perform spirometry tests. 
However, children who have never been suspected of 
having a respiratory disease will not have performed 
spirometry other than in this study. The control 
group had lower values for preoperative PEFR and 
FEV,, and although these were not statistically 
significant, this may reflect a less practised tech- 
nique. However, as measurements were recorded 
only after careful training had been completed, and 
consistent results were achieved for each child, this 
effect was minimized. We found no difference 
between the groups in preoperative baseline spiro- 
metry, which would indicate that the asthmatic 
children were well controlled with their current 
medication. 

Both groups demonstrated the greatest decrease in 
PEFR and FEV, in the early postoperative period, 
when impaired co-operation secondary to results 
anaesthesia may have contributed to lower values. 
However, measurements were made only when it 
was considered that adequate consciousness had 
returned, and co-operation was similar to pre- 
operative levels. The mean decreases in early 
postoperative PEFR and FEV, were greater than 
10% in the asthmatics and controls and, as such, 
may be considered clinically and statistically signi- 
ficant. The decrease in FEV, in the late postoperative 
period was less than 10 % in both groups. Although 
this late decrease in FEV, was statistically significant 
in the asthmatics, there was no statistically significant 
difference between asthmatics and controls, and it is 
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Table 2 Percentage decreases in PEFR and FEV, from baseline (mean (95% confidence intervals)). P values 


relate to significance of decreases from baseline 





Asthmatics P Controls P 
“Early? PEFR 19.9 (10.8-29.0) 0.001 19.3 (10.7-27.8) 0.04 
“Early”? FEV, 16.0 (9.3-22.8) 0.0007 11.0 (2.9-19.2) 0.001 
“Late” PEFR 18.6 (11.2-25.9) 0.0007 14.9 (7.9-22.0) 0.03 
“Late” FEV, 8.2 (0.8-15.6) 0.007 6.8 (—0.8 to 14.4) 0.12 


unlikely to be clinically significant. The reduction in 
PEFR in the early postoperative period was ac- 
companied by decreases of greater than 10% in 
FEV, (which is much less effort dependent than 
PEFR) [9] in the same period. 

The small decreases in PEFR and FEV, were not 
associated with clinical problems and may represent 
small airways collapse caused by mucous plugging or 
bronchoconstriction. It is possible that in less well 
controlled asthmatics, with a preoperative deterio- 
ration in FEV,, a similar decline in FEV, would 
cause clinical problems. 

Statistical comparison of the differences between 
the groups for all decreases in PEFR and FEV, 
showed no significant differences at any time. With 
20 pairs this study had a power of 0.7 to detect a 
difference of 10% in early FEV, between the 
asthmatics and controls. A study with a power of 0.9 
to find a difference of 10% would require 33 pairs. 
In this large specialist paediatric centre, recruitment 
of 20 matched pairs took more than 2.5 yr and 
became increasingly difficult towards the end of the 
study because of the move towards day-stay surgery. 

Overnight pulse oximetry did not differ between 
the groups. Fewer patients completed this part of the 
study because of equipment difficulties, failure of 
compliance during wakeful periods in the night and 
refusal by some children to sleep with the soft probe 





attached to a finger. Signal quality was frequently 
impaired in several cases by motion. 
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Ketamine and norketamine plasma concentrations after i.v., nasal 
and rectal administration in childrent 


J.-M. MALINOVSKY, F. SERVIN, A. COZIAN, J.-Y. LEPAGE AND M. PINAUD 


Summary 


It has been suggested that nasal administration of 
ketamine may be used to induce anaesthesia in 
paediatric patients. We have examined the 
pharmacokinetics of ketamine and norketamine 
after nasal administration compared with rectal and 
i.v. administration in young children. During halo- 
thane anaesthesia, 32 children, aged 2-9 yr, weight 
10-30 kg, were allocated randomly to receive 
ketamine 3 mg kg™ nasally (group IN3) or ketamine 
9 mg kg nasally (group INQ); ketamine 9 mg kg” 
rectally (group IR9); or ketamine 3 mg kg™ i.v. 
(group [V3). Venous blood samples were obtained 
before and up to 360 min after administration of 
ketamine. Plasma concentrations of ketamine and 
norketamine were measured by gas liquid chroma- 
tography. Statistical comparisons were performed 
using ANOVA and the Kruskall-Wallis test, with P 
< 0.05 as significant. Mean plasma concentrations 
of ketamine peaked at 496 ng mi~! in group IN3 
within 20 min, 2104 ng mi’ in group INQ within 
21 min, and 632ngmi-' in group IR9 within 
42 min. Plasma concentrations of norketamine 
peaked at approximately 120 min after nasal 
ketamine, but appeared more rapidly after rectal 
administration of ketamine and were always higher 
than ketamine concentrations in the same situation. 
Calculated bioavailability was 0.50 in groups IN3 
and IN9 and 0.25 in group IR9. We conclude that 
nasal administration of low doses of ketamine 
produced plasma concentrations associated with 
analgesia, but using high doses via the nasal route 
produced high plasma concentrations of ketamine 
similar to those that induce anaesthesia. However, 
the large volume of ketamine required was partly 
swallowed and led to an unacceptable variability of 
effect that precludes this route for induction of 
anaesthesia. (Br. J. Anaesth. 1996; 77: 203-207) 


Key words 


Anaesthesia, paediatrics. Anaesthetic techniques, i.v. Anaes- 
thetic techniques, rectal. Anaesthetic techniques, nasal. 
Pharmacokinetics, ketamine. Premedication, ketamine. Anaes- 
thetics i.v., ketamine. 


Although psychic emergence phenomena from 
Ketamine anaesthesia restrict its use in paediatric 
patients [1], it may be used with premedication (i.e. 
midazolam) which prevents these phenomena [2] 
when administered first. The original agent remains 


popular for induction of anaesthesia in young 
children as it can be given as the sole anaesthetic 
agent and by alternative non-invasive routes such as 
rectally [3, 4]. 

Previous studies have reported its use by the oral 
and nasal routes. After oral ketamine 6 mg kg”, 
approximately 25% of a paediatric population ap- 
peared asleep or barely arousable within 10 min [5]. 
The nasal route has been investigated for midazolam 
[6] or opioid [7] premedication and it has been tested 
with ketamine as an adjunct for induction of 
anaesthesia [8]. Loss of responsiveness occurred 
within 3-10 min in 35% of children after one to 
three 3-mg kg! nasal ketamine doses [8]. This 
suggests that nasal administration of ketamine might 
be used for induction of anaesthesia. 

Ketamine pharmacokinetics have been described 
after i.v. [9], i.m. [10], oral [10] and rectal [4] 
administration, but not after nasal administration. In 
this study we have determined and compared the 
pharmacokinetics of ketamine and its main metab- 
olite, norketamine, when administered by nasal, 
rectal and i.v. routes in healthy anaesthetized 
children. 


Patients and methods 


After obtaining institutional approval and written 
informed consent from parents, we studied 32 ASA 
I boys, 2-9 yr of age, weighing 10-30 kg, under- 
going minor urological surgery. Exclusion criterion 
included: rhinopharyngitis, digestive disorders, 
treatment with theophylline, H, receptor antagonists, 
B-lactamines associated with clavulanic acid and 
aminoglycosides, and an anaesthetic procedure 
involving barbiturate administration. 

Anaesthesia was induced with halothane (2 MAC) 
and 50% nitrous oxide in oxygen via a face mask. 
Anaesthesia was maintained with halothane for 
induction of anaesthesia (1 MAC and during 
ketamine administration) without tracheal intu- 
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Figure 1 Mean concentration-vstime curves (mean, SD) of ketamine (O) and norketamine (A) in the different 
groups receiving ketamine i.v., nasally (IN) and rectally (IR). 


bation. After cannulation of a vein on the forearm 
using a short 20-gauge catheter and i.v. injection of 
atropine 15 ug kg, children were allocated 
randomly to one of four groups to receive 5% 
ketamine (Parke Davis Lab.) as follows: group IN3 
(n = 8) received ketamine 3 mg kg! nasally; group 
INO (n = 8) ketamine 9 mg kg? nasally; group IV3 
(n= 8) ketamine 3mgkg?! iv.; and group IR9 
(n = 8) ketamine 9 mg kg™ rectally. In groups IN, 
half of the indicated dose was administered in each 
nostril within 15 s. All children received an enema 
1 h before anaesthesia and rectal administration was 
performed via a short air-washed cannula. After i.v. 
administration, the venous catheter was flushed with 
physiological saline 10 ml. In all groups, heart rate 
and pulse oximetry were monitored continuously, 
and non-invasive arterial pressure and ventilatory 
frequency recorded at regular intervals during 
anaesthesia. Administration of halothane was stop- 
ped 15 min after administration of ketamine in all 
children. Time elapsed between ketamine admini- 
stration and complete recovery from anaesthesia 
(when the child was able to open his eyes and answer 
correctly to verbal command) was recorded. Doses 
and time of analgesic requests during the post- 
operative period were noted. 

Thirteen 5-ml venous blood samples were 
obtained before and 5, 10, 15, 20, 30, 45, 60, 120, 
180, 240, 300 and 360 min after administration of 
ketamine. Plasma was separated by centrifugation 
and stored at —20 °C until analysis. Plasma concen- 
trations of ketamine and its major metabolite, 
norketamine, were measured by gas-liquid chroma- 
tography (supplied by Parke-Davis-France). The 
internal standard was diphenhydramine 5 ug ml". 
The calibration curves for ketamine and norketamine 
were linear within the range 0-2000 ng mlt. Greater 
concentrations required dilution of plasma samples 
before extraction. The standard variations for 
ketamine and norketamine were, respectively, 4.4% 
and 6.9% for 20 ng mi~, and 1.7% and 3.4% for 
2000 ng mi~, 


Pharmacokinetic variables were calculated by 
conventional means from plasma concentration— 
vs-time data. Ketamine and _  norketamine 
concentration—vs—time curves obtained for indi- 
vidual patients were fitted to the sum of exponential 
functions derived from Colburn [11] and interpreted 
as one- or two-compartment models. Pharmaco- 
kinetic data were fitted using the Siphar program 
[12], with a weighing function of 1/y’. The quality 
of fit of the two-compartment model was assessed by 
the presence of a random scatter of data around a 
calculated value [13], and by visual assessment of the 
residuals of the observed values from the fitted 
curve. After modelling, the rate constant for elim- 
ination (k.) was obtained, and the elimination half- 
life (Tıp) was calculated as (0.693 k,). The area under 
the plasma concentration curve from 5 to 360 min 
(AUG, 369) was calculated by the trapezoidal rule and 
was extrapolated from the origin to infinity (AUC, ,) 
from the k,n and k, slopes. Clearance was calculated 
using the formula: C? = dose/AUC. Analysis from 
the extrapolated area allowed estimation of steady 
state volume of distribution (V"). Availability (F) 
for the different routes was calculated after children 
were paired between each non-i.v. group and group 
IV according to weight. In each non-i.v. group, peak 
ketamine concentration and its time were estimated 
from the fitted model. Statistical comparisons were 
carried out using ANOVA and the Kruskall—Wallis 
test where appropriate; P < 0.05 was considered 
significant. Data are presented as mean (SD). 


Results 


Mean age and weight of the children were, re- 
spectively, 4.8 (range 2—8) yr and 18.6 (sp 2.9) kg in 
group IV3; 4.8 (3-9) yr and 18.4 (4.7) kg in group 
IN3; 3.3 (2-7) yr and 17.1 (14.9) kg in group IN9; 
and 4.0 (3-9) yr and 17.8 (5.7) kg in group IR9 (ns). 
Surgical procedures included herniorrhaphy, repair 
of undescended testis, circumcision or hypospadias 
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Figure 2 Logarithmic conversion of mean ketamine plasma 
concentration—vs—time curves in group IV3 (©), group IN3 
(@), group IN9 (WE) and group IR9 (O). 


repair. No children experienced coughing or de- 
faecation, nasal disturbances or rectal postoperative 
lesions after intranasal or rectal administration of 
ketamine. 

Mean arterial pressure and heart rate did not vary 
significantly from baseline values in any group 
during halothane anaesthesia or ketamine adminis- 
tration. Spo, did not decrease except in two children 
who received i.v. ketamine and demonstrated a 
transient decrease at 88% and 89% from baseline 
values of 98% ; these children had plasma ketamine 
concentrations greater than 2000 ng mi~ at 5 and 
10 min after administration of ketamine. Assisted 
ventilation via a face mask was used temporarily (less 
than 5 min) in these patients. Ventilatory frequency 
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did not vary in groups IN3 and IR9, but increased 
significantly at 5 min in group IV3 and at 10 min in 
group IN9 (+ 34 (12) % and 46 (21) %, respectively). 
No additional analgesia was required in any group 
during surgery or during the 6h after operation. 
Complete recovery from anaesthesia was delayed in 
group IN9 (107 (23) min) compared with the other 
groups: group IN3, 72 (15) min; group IR9, 57 
(11) min; and group IV3, 63 (16) min (P < 0.01). 

Because of blood sampling difficulties, two chil- 
dren were excluded from pharmacokinetic analysis 
(one in group IN9 and another in group IR9). Mean 
ketamine and norketamine plasma concentration- 
vs—time curves for each group are shown in figure 1. 
Logarithmic conversion of mean plasma 
concentration—vs—time curves for ketamine in each 
group are presented in figure 2. Individual Cpmax 
and tCpmax values for ketamine in the different 
groups are shown in table 1. Pharmacokinetic 
variables are summarized in table 2. After pairing 
children according to weight and age, estimated 
bioavailabilities were, respectively, 0.50 (0.19) after 
nasal ketamine 3mgkg™ and 0.50 (0.27) after 
9 mg kg™, and 0.25 (0.19) after ketamine 9 mg kg™! 
rectally. 


Discussion 


We have found that the same dose of ketamine 
(9 mg kg™!) induced more rapid and greater plasma 
concentrations after nasal than after rectal adminis- 
tration, but that the rectal route was associated with 
earlier appearance of norketamine because of first- 
pass metabolism. 

The doses used in our study were those that 
induced general anaesthesia by the i.v. and rectal 


Table 1 Individual calculated Cpmax and rCpmax values for ketamine from a fitted model (mean (sD)) in group IV3 (ketamine 
3 mg kg™ i.v.) group IN3 (ketamine 3 mg kg! intranasally), group IN9 (ketamine 9 mg kg™! intranasally) and group IR9 (ketamine 
9 mg kg rectally). Kruskal-Wallis test: ** P < 0.01, *** P < 0.001 vs group INO. 








Group 

IN3 IN9 IR9 
Children C; tCpmax Cpmax tCpmax Cpmax tCpmax 
No. (ng ml’) (min) (og mi~!) (min) (ng ml’) (min) 
1 1020 9 2807 18 537 34 
2 288 13 1395 9 414 64 
3 267 34 2393 9 742 27 
4 287 27 1500 19 583 18 
5 556 19 561 37 455 30 
6 305 23 3129 44 316 54 
7 683 15 2944 11 1380 66 
8 558 18 — — — — 
Mean 496*** 20 2104 21 632** 42 
SD 266 8 965 14 356 19 


Table 2 Pharmacokinetic variables of ketamine after the different routes of administration (mean (SD)). Kruskall-Wallis test: 
* P < 0.05, ** P < 0.01 vs group IV3; tt P < 0.001 vs other routes of administration 


Tip ye 
Group (min) (litre kg7}) 
IN3 (n = 8) 123 (35) 8.5 (2.7)* 
INO (n=7) 12034) 8.3 (3.2)* 
IR9 (n = 7) 100 (28) 18.1 (9.0)** 
IV3 (n = 8) 125 (46) 2.8 (1.2) 


Cl AUG, 

(ml min“ kg’) (mg mI"! min“) 
49.9 (20.2) 76.4 (28.2)++ 
59.7 (19.5) 163.6 (64.5) 

121.5 (74.8)** 111.2 (85.5) 
22.0 (9.8) 148.3 (55.0) 
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Table 3 Comparative data published previously on the pharmacokinetic variables of ketamine in adults and children, F = 
Bioavailability after non-i.v. administration of ketamine. A = Adults; C = children; * unpremedicated patients; 
i.r. = rectal administration; i.v. = i.v. injection; iim. =i.m. administration; NR = not reported 





Dose of 
ketamine 
Author Route (mg kg@!) 
Wieber [21] ` A iv. 2.5 
Domino [20] A iv. 2.2 
i.v.* 2.2 
Domino [23] A iv. 2.2 
Grant [9] A iv. 2.0 
Grant [10] A im. 0.5 
A oral 0.5 
Clements & Nimmo [22] A iv. 0.125 
A iv. 0.250 
Grant [9] C iv. 2.0 
C im. 6.0 
Idvall [4] Cir. 9.0 
Present study C iw. 3.0 
C in. 3.0-9.0 
C Lr. 9.0 





TP ve Cl 
F (min) (litrekg!) = (ml kg! min") 
151 
144 15 14 
135 1.8 12 
158 3.2 28 
153 2.3 13 
93 155 
17 200 
~ 180 2.1 16 
~180 3.1 19 
103 1.9 17 
NR 100 
NR 109 
125 2.8 22 
50 122 
25 100 





routes, and for the nasal route were those reported as 
effective in a previous study [8]. However, a 
relationship with clinical effects may not be es- 
tablished as sampling occurred during general an- 
aesthesia. Moreover, it may be noted that the 
volumes administered nasally in group IN9 were 
large and probably unacceptable in a conscious, 
unpremedicated child. 

There are several problems in the pharmacokinetic 
interpretation of the data obtained after different 
models of administration of ketamine as children 
were not their own controls. However, such com- 
parisons between non-i.v. and i.v. administrations of 
anaesthetic agents are frequently made in children 
who are not their own controls [14-16]. Therefore, 
in order to obtain a meaningful analysis, children 
were paired accordingly to age and weight between 
non-i.v. and i.v. groups for estimation of ketamine 
bioavailability. Furthermore, to facilitate venous 
access and blood sampling, ketamine was admin- 
istered during general anaesthesia to ensure main- 
tenance of anaesthesia and postoperative analgesia as 
a result of generation of norketamine which is a 
potent analgesic drug [10]. Such a study design is 
seldom used but ketamine associated with propofol 
has been proposed for ambulatory surgery [17]. Our 
study did not allow pharmacokinetic analysis of 
norketamine because the sampling period could not 
be extended further than 6h in those children 
treated on a day-case hospital stay basis. 

Ketamine metabolism is dependent on hepatic 
blood flow and could therefore be influenced by co- 
administered drugs, for example halothane. Halo- 
thane induces a marked decrease in hepatic blood 
flow, reduces intrinsic drug metabolism capacity [18] 
and diminishes ketamine clearance [19]. Its use 
could therefore enhance ketamine plasma concen- 
trations and delay norketamine generation. However, 
all children exhibited a similar haemodynamic state 
when they received the same dose of halothane, and 
therefore the influence of halothane on hepatic blood 
flow was probably the same in all children. 

The pharmacokinetic variables after i.v. ketamine 
were similar to those reported previously in adult 





patients or children [9, 20-24] and are summarized 
in table 3. The volume of distribution of approxi- 
mately 3 litre kg"! reflects the high liposolubility of 
ketamine and a high clearance (22 ml kg™! min“) 
accounts for the relatively short elimination half-life. 
As described previously the appearance of nor- 
ketamine was delayed which suggests that nor- 
ketamine plays a role in the clinical duration of 
action of ketamine. In all children, plasma concen- 
trations of norketamine 6h after administration of 
i.v. ketamine were greater than 150 ng ml, the 
threshold for analgesia reported previously [10]. 

The amount of ketamine which reached the 
systemic circulation was reduced with the non-i.v. 
routes. The bioavailability of ketamine in the absence 
of a first-pass hepatic effect, as observed via the nasal 
route, was approximately twice that observed via the 
rectal route. Certainly, ketamine administration 
during general anaesthesia leads to maximal mucosal 
absorption of the drug, proportional to the dose 
administered, with an early plasma peak in both 
nasal groups. Plasma ketamine concentrations in 
group IN9 were consistent most of the time with 
those associated with induction of anaesthesia. 
However, general anaesthesia and the supine position 
avoided expulsion of part of the dose from sneezing 
or coughing, or swallowing; however, two children 
receiving a large volume in group IN9 exhibited 
plasma concentration decay curves consistent with 
digestive absorption of the drug. Nevertheless, the 
amount of drug required with the current for- 
mulation of ketamine implies that intranasal 
administration of a large volume of solution which 
would probably be swallowed by a conscious child 
would be even more than that observed in this study. 
This leads to an unacceptable variability of effect 
which precludes the use of this route for induction of 
anaesthesia. 

After rectal administration, ketamine absorption 
was delayed and interindividual variations were 
large. Despite the fact that every child in this group 
received a rectal enema before induction of an- 
aesthesia, rectal evacuation was never certain, and 
the differences in rectal pH values of children [24] 


Ketamine in children 


might modify drug absorption. As described pre- 
viously [4], norketamine generation was rapid in this 
group, because of first-pass metabolism. These early 
high plasma norketamine concentrations may par- 
ticipate in the anaesthetic action of ketamine in this 
situation, and partly compensate for low bio- 
availability. This low bioavailability is similar to that 
described after oral administration of ketamine [9]. 
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Determinants of duration of ICU stay after coronary artery bypass 


graft surgery 


A. MICHALOPOULOS, G. TZELEPIS, G. PAVLIDES, J. KRIARAS, U. DAFNI 


AND S. GEROULANOS 


Summary 


Prediction of duration of a patient's stay in the ICU 
after cardiac surgery is difficult. In 652 consecutive 
adult patients undergoing elective coronary artery 
bypass graft (CABG) surgery, we analysed pro- 
spectively preoperative and immediate post- 
operative variables thought to influence duration of 
stay in the ICU. With univariate analysis, we found 
that age, preoperative left ventricular ejection 
fraction, bypass time, aortic cross-clamp time, 
blood transfusions and the number of inotropic 
agents administered in the immediate postoperative 
period (for at least 6 h) were significant correlates 
of duration of stay in the ICU. However, logistic 
regression analysis showed that the number of 
inotropes was the most important determinant of 
stay in the ICU, with an overall prediction accuracy 
of 94.8%. The main cause of prolonged stay in the 
ICU (more than 2 days) was low cardiac output 
syndrome. We conclude that analysis of peri- 
operative variables enhanced our ability to ac- 
curately predict duration of stay in the ICU in 
cardiac surgery patients. The number of inotropic 
agents administered during the first 6h after 
operation was the most important determinant of 
duration of stay in the ICU. (Br. J. Anaesth. 1996; 
77: 208-212) 


Key words 


Surgery, cardiovascular. Intensive care. Heart, coronary artery 
bypass. Risk. 


Despite recent efforts to bypass intensive care unit 
(ICU) stay [1], cardiac surgery patients are in- 
variably monitored in the ICU for a period of time 
that varies from 1 to several days. Prolonged stay in 
the ICU not only increases the overall costs of 
cardiac surgery, but it may also limit the number of 
operations performed. Therefore, the ability to 
accurately predict the duration of stay in the ICU 
and patient outcome is important. 

The scoring systems used to predict a patient’s 
stay in a general ICU have not been found to be 
useful in the postoperative cardiac ICU [2, 3]. Over 
the past few years, attempts have been made to 
develop predictive models of stay in the ICU with 
special applicability to cardiac surgery patients. 
However, the majority of reported models are 


complex, impractical for intercentre use and of 
modest predictive ability [4—6]. This may result 
partly from the fact that all studies analysed 
preoperative variables and ignored variables related 
to the operation itself. 

In this study, we have assessed determinants of 
length of stay in the ICU in postoperative coronary 
artery bypass graft (CABG) surgery patients by 
analysing both preoperative and immediate post- 
operative variables. This approach has enabled us to 
develop a simple and more accurate predictive index 
of stay in the ICU. 


Patients and methods 


From January 1994 to December 1994, we studied 
prospectively 652 consecutive patients undergoing 
elective CABG surgery in our hospital. We recorded 
patients variables, New York Heart Association 
(NYHA) class and preoperative left ventricular 
ejection fraction assessed by angiography (grade 
1 > 50%; grade 2 35-50%; grade 3 20-34%; and 
grade 4 < 20%). 

We also recorded the type of cardioplegia used, 
number of grafts, aortic cross-clamp time and bypass 
time. In addition, we recorded the number of 
inotropic drugs administered during the first 6 h in 
the ICU. Collection of these data in no way 
interfered with or affected the care of patients being 
studied; therefore, it was deemed that patient 
consent was not required. Approval for this study 
was obtained from the Ethics and Research Com- 
mittee for our institution. 

Inotropic drugs were used to treat low cardiac 
output syndrome, defined as a cardiac index <2 
litre min™! m~, despite optimal filling pressures 
(wedge pressure 12 mmHg). Inotropes were in- 
cluded only if they were given in the ICU for at least 
6h, immediately after surgery. In this situation, 
dobutamine, adrenaline or dopamine, up to maxi- 
mum doses (adrenaline 2 pg kg? min, dobutamine 
20 pg kg min“ or dopamine 20 pg kg™ min!) were 
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Length of ICU stay after CABG 


Table 1 Patient data (mean (range) or number (%)) (n = 652) 


n (%) 
Sex (M/F) 592/60 90,8/9.2 
Age (yr) 62.1 (31-81) 
Smokers 443 67.9 
Left ventricular ejection fraction 
Grade 1 (> 50%) 182 27.9 
Grade 2 (35-50%) 331 50.7 
Grade 3 (20-34%) 121 18.5 
Grade 4 (< 20%) 18 2.8 
NYHA classification system 
Class I 221 33.9 
Class II 205 31.4 
Class IIT 130 19.9 
Class IV 96 14.7 


usually used initially. If there was need for additional 
inotropic support (persistence of condition) within 
this critical period, milrinone or noradrenaline 
(1 ug kg“ min™ or 0.3 ug kg min“, respectively) 
were then added [7]. Dopamine at renal doses was 
excluded. The amount of blood transfused in the 
operating room and during the first 6h after 
operation was also recorded. Blood transfusion was 
given when the patient’s packed cell volume (PCV) 
was < 27%. 

Duration of mechanical ventilation, all post- 
operative complications, duration of stay in the ICU 
and patient outcome were recorded for all patients. 
For this analysis, prolonged stay in the ICU was 
defined as greater than 2 days. No patient was 
excluded. Patient outcome was evaluated on the day 
of ICU discharge. 

Data were analysed using BMDP statistical soft- 
ware (Los Angeles, CA, USA) [8]. Continuous 
variables were analysed using the two-sample z test. 
The chi-square test was used for discrete variables. 
To assess the ability of independent variables to 
predict a dependent variable, the odds ratio was 
calculated [9]. Furthermore, the data were subjected 
to logistic regression analysis where ICU duration 
constituted the binary dependent variable (2 vs > 2 
days). Sex and cardioplegia (crystalloid vs blood) 
were categorical predictors, and ejection fraction, 
aortic cross-clamp time, bypass time, number of 
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grafts, units of blood transfused and number of 
inotropic drugs administered were interval-scaled 
predictors. The fit of the model was assessed by the 
Hosmer~Lemeshow goodness-of-fit statistic [10]. 
Data are reported as the mean (sD) and were 
considered significant when P < 0.05. 


Results 


Patient characteristics and preoperative data are 
shown in table 1. For all patients, mean duration of 
stay in the ICU was 2.3 (sp 1.6) days (range 0.7562 
days) and duration of mechanical ventilation 0.8 
(0.3) days. Of all patients, 585 patients (89.7 %) were 
discharged in less than 2 days (group A), whereas 67 
patients (10.3 %) remained in the ICU for more than 
2 days (group B). Patient characteristics and 
differences in perioperative variables for both groups 
are presented in table 2. The two groups did not 
differ in sex distribution, cardioplegia, preoperative 
haemoglobin (PCV) or number of grafts. Ejection 
fraction was a significant predictor of prolonged stay 
in the ICU (P < 0.001). Use of inotropes was also 
associated with prolonged stay in the ICU. For 
example, use of one inotrope was associated with an 
odds ratio of 2, and use of two inotropes with an odds 
ratio of 104 (P < 0.0001). Aortic cross-clamp time in 
excess of 90 min was associated with a statistically 
significant and sharp increase in odds ratio for 
prolonged stay in the ICU (P < 0.001). Bypass time 
longer than 120 min increased the risk for prolonged 
stay in the ICU, corresponding to an odds ratio of 
4.3 (P< 0.001). There was a non-monotonic relation 
of risk for prolonged stay in the ICU and the amount 
of blood transfused; patients who received more 
than 6 u. of blood were at a substantially increased 
tisk for prolonged stay in the ICU (odds ratio 13.5; 
P < 0.001). 

Table 3 shows the results of a forward stepwise 
selection of variables into the logistic model. Five 
variables were entered based on their statistical 
significance (entering criterion P < 0.15). A back- 
ward selection procedure led to the same set of five 
variables in the model (removing criterion P > 0.20). 
The great majority of improvement in this model fit 


Table 2 Patient characteristics and perioperative variables in patients with short (< 2 days) (group A) or long 
(> 2 days) (group B) ICU stay (mean (sp or range) or number (%)) 


Group A 
n 
No. of patients 585 
Sex (M/F) 531/54 
Age (yr) 61.7 (31-81) 
Ejection fraction (%) 0.46 (0.1) 
Aortic cross-clamp time (min) 54 (17) 
Bypass time (min) 94 (28) 
Type of cardioplegia 
Blood 308 
Crystalloid 277 
Blood units transfused 4.2 (1.7) 
Inotropes 
Yes 167 
No 418 
Grafts 
<2 286 
23 299 


Group B 
(%) n (%) P 
89.7 67 10.3 
90.8/9.2 61/6 91.0/9.0 0.5 
66.1 (47-79) 0.001 
0.34 (0.07) 0.000 
70 (19) 0.000 
131 (44) 0.000 
52.6 37 55.2 0.7 
47.4 30 44.8 
7.5 (2.5) 0.000 
0.000 
28.5 60 89.6 
715 7 10.4 
0.6 
48.9 30 44.8 
51.1 37 55.2 
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Table 3 Summary of stepwise selection results 


Log 
Step df likelihood 
0 1 — 218.04 
1. Inotropes I — 114.87 
2. Blood units 1 — 85.88 
3, Ejection fraction 1 — 63.12 
4. Age 1 —58.88 
5, Cardioplegia 1 —56.11 
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Goodness of fit 
(Hosmer—Lemeshow) 
Improvement 
chi-square Chi-square 
(df = 1) P (df) P 
188,328 0.000 21.72 (8) 0.0055 
15,661 0.000 23.06 (8) 0.0033 
8,204 0.000 24.22 (8) 0.0021 
13,123 0.004 11.66 (8) 0.1671 
8,613 0.019 12.38 (8) 0.1349 





Table 4 Number of patients (%) in ICU groups as a function 
of number of inotropes used 





Inotropes 

0 1 2 3 
<2 days 418(98.3) 147(96.7) 19(31.1) 1 (7.1) 
> 2 days 7AT) 5 (3.3) 42 (68.9) 13 (92.9) 
Total 425 (100) 152 (100) 61 (100) 14 (100) 


Table § Number of patients (%) in ICU groups as a function 
of inotrope groups used 





Inotropes 

Oorl 22 Total 
<2 days 564 (96.4) 21 (3.6) 585 (100) 
> 2 days 13 (19.4) 54 (80.6) 67 (100) 


was associated with the number of inotropes used, 
the number of blood units and preoperative ejection 
fraction. 

Table 4 shows the number and percentage of 
patients in each ICU stay-group for the four levels of 
inotropes observed. Using inotropes as a binary 
predictor, with values of 0 and 1 indicating stay in 
the ICU of 2 days or less, and 2 or more indicating 
more than 2 days, the overall prediction accuracy 
was 95.1% (620 of 652) based on 96.6% for 
predicting short stays (565 of 585) and 82.1% for 
long stays (55 of 67) (table 5). These rates are close 
to the five predictor model of table 3 and also to a five 
predictor model where the binary inotropes variable 
itself was substituted for the interval variable. Thus 
the binary inotropes variable is an accurate and 
simple predictor of stay in the ICU. 

The causes resulting in prolonged stay in the ICU 
were low cardiac output syndrome in 35 (52.2%), 
respiratory failure in eight (11.9%), neuro-psy- 
chiatric abnormalities in five (7.5%) and combi- 


nation of the above in 19 (28.3 %) patients. For both 
groups, mean duration of mechanical ventilation, 
ICU and hospital stay, and mortality rate are 
presented in table 6. The overall ICU mortality rate 
was 0.8%. 

Causes for a longer stay in the ICU for the 
group receiving less than two inotropes (n = 13) 
were hypoxaemia (n = 6), atrial fibrillation (n = 3), 
their combination (n = 3) and mental disturbances 
(n= 1). 


Discussion 


This study included both preoperative and im- 
mediate postoperative variables in a logistic re- 
gression model and developed an index to predict 
duration of stay in the ICU after cardiac surgery. We 
found that patients who had a low ejection fraction, 
had received a large number of units of blood or 
more than one inotropic agent remained in the ICU 
for a longer period than usual. Sex, bypass time, 
aortic cross-clamp time and number of grafts were 
not significant predictors. Among all variables 
examined, the number of inotropic drugs 
administered in the immediate postoperative period 
was the most reliable predictor of stay in the ICU, 
with an overall predictive accuracy of 94.8%. This is 
supported by our finding that the most frequent 
cause of prolonged stay in the ICU was low cardiac 
output syndrome; however, it should be noted that 
the number of inotropes rather than inotrope use was 
the significant factor. 

The major limitation of this study was that this 
index was derived after the patient’s stay in the ICU 
for 6h. In this sense, it cannot be used as a 
preoperative prognostic indicator of duration of stay 
in the ICU. In our study, there was a delay of a few 
hours for predicting the duration of stay in the ICU, 
but we believe that there is still considerable value in 
predicting the length of stay in the intensive care 
unit in the early postoperative period. The accuracy 


Table 6 Duration of mechanical ventilatory support, ICU and hospital stay, and mortality rate for both groups 








(mean (SD)) 
Group A Group B 
(ICU stay < 2 days) (ICU stay > 2 days) P 
Mech. ventilation (days) 0.5 (0.05) 3.8 (1.4) 0.001 
ICU stay (days) 1.3 (0.3) 7 (4.5) 0.001 _ 
Hospital stay (days) 7.1 (0.8) 14.6 (3.9) 0.001 
ICU mortality 0.3% 45% 0.0001 


Length of ICU stay after CABG 


of our prediction was much higher compared with 
similar, previous studies which used only pre- 
operative variables. The determinants of this study 
can be considered similar to the APACHE II scoring 
system, which predicts patient outcome at the time 
of admission to the ICU, but has a poor performance 
in cardiac surgery patients [11]. 

Over the past 5 yr, several studies have developed 
predictive indices of stay in the ICU after cardiac 
surgery. The majority of these studies have included 
preoperative variables and, in general, have not 
taken into account events that affect patient outcome 
during the operative or immediate postoperative 
period. A great disparity in type and number of 
independent variables analysed has been reported. 
Tuman and co-workers [4] found 11 variables to be 
significantly associated with stay in the ICU, in- 
cluding emergency surgery, age, preoperative renal 
dysfunction, previous myocardial infarction, cerebro- 
vascular disease, type of surgery, congestive heart 
failure and left ventricular dysfunction. Although 
the duration of stay in the ICU in this study 
correlated with a clinical risk score derived from 
these variables, no accurate predictive index of stay 
in the ICU based on clinical score was provided. 
Furthermore, it cannot be determined which risk 
factor is the most significant predictor of length of 
stay in the ICU. 

In a similar study of preoperative variables, Tu 
and co-workers [12] suggested that length of stay in 
the ICU after cardiac surgery could be predicted by 
a multivariate predictive index. Five variables were 
found to be statistically significant independent 
predictors for a prolonged stay in the ICU (age, 
female sex, left ventricular function, urgency of 
surgery and type of surgery). A predictive index was 
developed for length of stay in the ICU with a risk 
score of 0-12. Patients with a low risk score remained 
in the ICU for a few days, while patients with a high 
risk score had a prolonged stay in the ICU. However, 
this model has a poor predictive ability; 31.7% of 
patients with a low risk score (0-3) stayed more than 
2 days stay in the ICU, whereas only 69.4% of 
patients with a high risk score (> 8) had a prolonged 
(>2 days) stay in the ICU. The authors 
acknowledged that length of stay in the ICU can 
never be predicted with certainty. 

One year later, Tu, Jaglal and Naylor [13] reported 
that duration of stay in the ICU after cardiac surgery 
could be predicted using a six-variable risk index 
which included age, sex, preoperative ejection frac- 
tion, type of surgery, urgency of surgery and re- 
operation. Although the authors considered pro- 
longed stay in the ICU as longer than 6 days, the 
overall predictive ability of their index was poor 
(67%). 

The fundamental difference between our study 
and those described above is that we took into 
account not only preoperative variables, but also 
significant variables related to both the operative and 
immediate postoperative period, such as number of 
inotropes administered and blood transfusions. We 
found that duration of stay in the ICU depended 
predominantly on a single critical variable, number 
of inotropes administered during the immediate 
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postoperative period. This is not surprising because 
inotropic support reflects poor cardiac function. It 
follows that the group requiring intensive inotropic 
support would include patients with intraoperative 
complications (e.g. myocardial ischaemia or infarc- 
tion), inadequate revascularization, low cardiac out- 
put syndrome related to systemic inflammatory 
response syndrome (SIRS), stunned myocardium or 
inadequate myocardial protection during bypass. 
Apparently, none of these conditions can be 
predicted accurately by any preoperative variable. 
On the other hand, in some high-risk cases (e.g. low 
ejection fraction) there may be great improvement in 
left ventricular function after operation as a result of 
successful revascularization. This is supported by 
the study of Zaroff and colleagues who found that, 
although low preoperative ejection fraction is a 
known predictor of poor immediate postoperative 
outcome after cardiac surgery, not all patients with 
low preoperative ejection fraction required inotropic 
support [14]. In both cases, the models based on 
preoperative variables are likely to fail in predicting 
stay in the ICU. 

Our findings are in agreement with those reported 
by Weintraub and co-workers [15], who showed that 
the correlates of prolonged hospital stay could not be 
predicted by preoperative variables alone. The 
authors emphasized that serious complications were 
responsible for prolonging the length of stay after 
coronary artery bypass grafting surgery. 
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Comparison of propofol and a propofol-methohexitone mixture for 


induction of day-case anaesthesia 


N. THOMPSON AND G. S. ROBERTSON 


Summary 


We studied 99 patients undergoing day-case uro- 
logical surgery, allocated randomly to receive a 
sleep dose of either 1% propofol or a mixture of 
equal volumes of 1% propofol and 0.5% metho- 
hexitone, and thereafter a standardized anaesthetic. 
With the exception of minor differences in intra- 
operative heart rate there were no significant 
differences between the two groups in induction 
properties and complications, intraoperative vari- 
ables, rate of recovery or postoperative sequelae. 
(Br. J. Anaesth. 1996; 77: 213-216) 


Key words 
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Anaesthesia for day-case surgery is designed to 
provide rapid, uncomplicated recovery and discharge 
from hospital within a few hours of surgery. 
Although methohexitone has previously been used 
commonly, propofol is now considered the induction 
agent of choice for day-case anaesthesia because of 
its short recovery time and low incidence of post- 
operative sequelae [1]. However, compared with 
methohexitone, propofol produces a greater degree 
of cardiovascular and respiratory depression [2] and 
is more expensive. A combination of these two 
agents might accentuate their individual advantages, 
while minimizing the side effects. In this study, we 
have compared the properties of a mixture of 
propofol and methohexitone with those of propofol 
alone for day-case anaesthesia. 


Patients and methods 


After approval of the local Ethics Committee, we 
studied 99 patients undergoing day-case urological 
surgery; all gave informed consent and were ASA 
grade I or II, aged 16-70 yr. Exclusion criteria 
included specific contraindications to the study drugs 
or halothane anaesthesia. 

After recording of baseline heart rate, systolic, 
diastolic and mean arterial pressures (MAP), and 
Spo, a suitable vein was cannulated. Patients were 
then allocated randomly to one of two groups, and 
each patient received a sleep dose of induction agent, 
with the end-point defined as loss of verbal contact. 
For patients in group A the syringe contained 9.5 ml 
each of methohexitone 5 mg ml"! in 0.9% sodium 
chloride and propofol 10 mg ml-!, with 2% ligno- 


caine 1ml. For those in group B the syringe 
contained 19 ml of propofol 10mg ml with 2% 
lignocaine 1 ml. Neither investigator was aware of 
the patient’s group, and it was not possible to 
differentiate visually between the contents of the 
syringes. All inductions and subsequent anaesthetics 
were carried out by one investigator (G.S.R.). The 
volume of agent needed to induce anaesthesia was 
noted, and also pain on injection, laryngeal spasm, 
cough, hiccup or apnoea. The duration of apnoea 
was noted, and the lungs ventilated manually if it 
was longer than 20 s or if Spo, decreased to less than 
90%. 

Anaesthesia was maintained with halothane and 
60% nitrous oxide in oxygen. Heart rate, MAP and 
Spo, were recorded every minute for the first 10 min 
of anaesthesia. At the end of surgery the halothane 
concentration was reduced to 0.5% for 3 min. 
Halothane and nitrous oxide were then discontinued, 
and the duration of halothane administration was 
noted. 

During the recovery period, all patients received 
oxygen 4 litre min™! via a Hudson mask. MAP, heart 
rate and Spo, were recorded at l-min intervals. 
Recovery scoring was conducted at 1-min intervals 
by one investigator (N.T.) using a scoring system 
validated in a previous study (appendix) [3]. Compli- 
cations including nausea, vomiting, cough, hiccup or 
laryngeal spasm during the recovery period were 
recorded. Patients were transferred from the re- 
covery area to the day ward, where any later 
complications were noted. 


STATISTICAL ANALYSIS 


Data were analysed using Student’s ¢ test, the chi- 
square test and Fisher’s exact test, where appro- 
priate. To analyse the recovery profiles, test statistics 
were constructed using general estimating equations, 
which were then used to fit a marginal proportional 
odds model [4]. 


Results 


There were no significant differences (P < 0.05) 
between the two groups in age, sex, preoperative 
cardiovascular variables or duration of anaesthesia 
(table 1). For group A (propofol—methohexitone) the 
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Table 1 Patient data, preoperative cardiovascular variables and 
Spo, for group A (propofol-methohexitone) and group B 


(propofol) (mean (range) or number). No significant differences 


Group A Group B 
(a = 47) (n = 52) P 
Age (yr) 46 (20-70) 46(17-70) 0.94 
Sex (M/F) 33/14 33/19 0.48 
Heart rate (beat min™!) 76 78 0.61 
(54-113) (51-111) 
MAP (mm Hg) 106 106 0.88 
(76~162) (65-155) 
SPo, (%) 97 7 1.00 
(92-100) (89-100) 
Duration of anaesthesia (s) 796 806 0.91 


(415-3225) (347-2166) 


Table 2 Incidence of complications on induction of 
anaesthesia in group A (propofol—-methohexitone) and group B 
(propofol). No significant differences 








Group A Group B 
(n= 47) (n = 52) P 
Pain on injection 3 2 0.66 
Cough 5 2 0.73 
Laryngeal spasm 0 0 
Hiccup 0 2 0.496 
Apnoea 25 34 0.22 
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Figure 1 Mean arterial pressure (MAP) and heart rate (mean, 
SD) before operation (Preop.) and during the first 10 min of 
anaesthesia for group A (propofol-methohexitone (@)) and 
group B (propofol (A)). * Significant difference (P < 0.05) in 
heart rate between groups. 
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Table 3 Incidence of complications on recovery in group A 
(propofol-methohexitone) and group B (propofol). No 
significant differences 


Group A Group B 

(n = 47) (n = 52) P 
Cough 7 7 1.00 
Laryngeal spasm 0 1 1.00 
Hiccup 0 1 1.00 


mean volume of induction agent was 17.5 ml (range 
12-20 ml) and for group B (propofol) 17 (11-20) ml. 
One patient in the propofol—methohexitone group 
exhibited marked spontaneous movement on in- 
duction. There were no significant differences in the 
occurrence of pain on injection, cough, laryngeal 
spasm, hiccup and apnoea on induction between the 
groups (table 2). 

Heart rate, MAP and Spo, were compared between 
the two groups for each of the first 10 min of 
anaesthesia. Heart rate was consistently higher in 
group A, but the difference was significant only at 1, 
4, 9 and 10min (fig. 1). There were no other 
significant differences in these variables between the 
two groups at any time during anaesthesia or 
recovery. One patient in each group exhibited runs 
of ventricular ectopics during operation, which in 
both cases were treated successfully with i.v. ligno- 
caine. One patient in the propofol group required 
atropine 0.3 mg i.v., after 5 min of anaesthesia to 
treat a bradycardia of 43 beat min“. 

Mean time to full recovery was similar in both 
groups (group A, 7 (sp3.7)min, group B, (6.7 
(3.1) min; ns). Comparison of the changes with time 
of the various elements of the recovery scores was 
made using a marginal proportional odds model. 
This revealed no difference in the time profiles of 
recovery between the two groups. There was no 
significant difference in complication rates during 
recovery (table 3). 


Discussion 


In day-case anaesthesia, propofol is the “ gold- 
standard” by which other induction agents are 
judged. However, its superior recovery profile [2, 5, 
6] and relative infrequency of postoperative compli- 
cations [1, 5, 7] are offset by its tendency to cause 
apnoea on induction [2, 5] and greater cardiovascular 
instability than other induction agents [2, 5, 6]. 
Although specific information on the compatibility 
and stability of mixtures of propofol and metho- 
hexitone is not available, the data sheets on the use of 
these drugs did not suggest any obvious risk of 
physical or chemical incompatibility. It is recom- 
mended that, because of differences in pH, solutions 
of methohexitone should not be mixed with acid 
solutions. As the pH of propofol is 7.5, and that of 
the propofol—methohexitone mixture 8.9 [personal 
observation], physical incompatibility would be 
unlikely. The remarkably similar mean volumes of 
the induction agents (17.5 ml and 17 ml) provides 
further circumstantial evidence that no significant 
pharmacological interaction or change in drug po- 
tency took place in the drug mixture. The 1:2 
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Table 4 Comparison of properties of propofol and propofolmethohexitone in this study with properties of 
propofol and of methohexitone described in previous studies (all values are given as percentages) 


Propofol 
(this study) 
Pain on 
injection 4 
Cough 8 
Laryngeal 
spasm 0 
Hiccup 4 
Spontaneous 
movement 0 
Apnoea 65 
Postoperative nausea 
and vomiting 0 


dilution of propofol in this study is well within the 
recommended maximum dilution of 1:5 using 
solutions such as 5% glucose, and a previous study 
using mixtures of propofol and alfentanil did not 
cause any pharmacodynamic or physical instability 
[8]. For the purposes of this study, in view of the 
recommendation that dilutions of propofol should 
be used within 6h, mixtures made more than 2h 
previously were discarded. No visible layering, 
separation or development of particles occurred at 
any time in the drug mixtures. 

In this study, the behaviour of the propofol- 
methohexitone mixture was indistinguishable clini- 
cally from that of propofol alone during induction, 
maintenance and recovery. While the propofol- 
methohexitone group maintained a slightly higher 
heart rate during the first 10 min of anaesthesia (fig. 
1), clinically this was not noticeable or significant. 
Changes in MAP were similar in both groups (fig. 1), 
although it might have been anticipated that the 
drug mixture would have caused less reduction in 
MAP because of the lesser hypotensive effect of 
methohexitone [2, 5, 6, 10]. 

Compared with the results of previous studies 
(table 4), the propofol—-methohexitone mixture com- 
pared favourably with methohexitone alone in all 
aspects except the incidence of apnoea on induction, 
which was higher with the drug combination, 
presumably reflecting the addition of propofol. In 
this study both groups had a lower incidence of pain 
on injection (because of the addition of lignocaine 
[12, 13]), and of postoperative nausea and vomiting 
than described previously. 

At present in the UK propofol costs £4.42 for a 
200-mg ampoule. Methohexitone costs 4lp for a 
50-mg dose from a 500-mg ampoule mixed to 0.5% 
strength with water or saline; 20 ml of a 50:50 
propofol-methohexitone mixture would therefore 
cost £2.62, a cost saving of £1.80 per patient 
compared with propofol. In a day-case unit treating 
5000 patients per annum, this would represent an 
annual saving of approximately £9000 at current 
prices. The inconvenience of mixing methohexitone 
and preparing syringes was found by the authors to 
be negligible. 
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Propofol- Propofol Methohexitone 
methohexitone (previous (previous 
(this study) studies) studies) 
0-48 4-56 
6 [1,2,6,9,10,12]  [2,6,9,10,13] 
Il 12 32 
[2] [2] 
0 — 12 
[2] 
0 0-5 24-40 
[2,6,9] [2,6,9] 
0-10 0-24 
2 [2,6,9] [2,6,9] 
53 12—60 14-36 
[2,5,10] [2,10,11] 
1.9-20 20—40 
0 [2,6,7,9] [2,6,11] 
Appendix 
RECOVERY SCORING SYSTEM 
Score 
Consciousness 
Fully awake; eyes open; conversing 4 


Lightly asleep; eyes opening intermittently 3 
Eyes open on command or in response to 


name 2 
Responding to ear pinching 1 
Not responding 0 

Airway 
Opening mouth or coughing, or both, on 

command 3 
No voluntary cough, but airway clear 

without support 2 
Airway obstructed on neck flexion but clear 

without support on extension 1 
Airway obstructing without support 

Activity 
Raising one arm on command 2 
Non-purposeful movement 1 
Not moving 0 
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ASA classification and perioperative variables as predictors of 


postoperative outcome 


U. WOLTERS, T. WOLF, H. STUTZER AND T. SCHRÖDER 





Summary 


In a prospective study of 6301 surgical patients in a 
university hospital, we examined the strength of 
association between ASA physical status classi- 


fication and perioperative risk factors, and post-- 


operative outcome, using both univariate analysis 
and calculation of the odds ratio of the risk of 
developing a postoperative complication by means 
of a logistic regression model. Univariate analysis 
showed a significant correlation (P < 0.05) be- 
tween ASA class and perioperative variables (intra- 
operative blood loss, duration of postoperative 
ventilation and duration of intensive care stay), 
postoperative complications and mortality rate. 
Univariate analysis of individual preoperative risk 
factors demonstrated their importance in the de- 
velopment of postoperative complications in the 
related organ systems. Estimating the increased risk 
odds ratio for single variables, we found that the 
risk of complication was influenced mainly by ASA 
class IV (risk odds ratio = 4.2) and ASA class Ill 
(risk odds ratio= 2.2). We conclude that ASA 
physical status classification was a predictor of 
postoperative outcome. (Br. J. Anaesth. 1996; 77; 
217-222). 


Key words 


Complications, ASA classification. Assessment, ASA classi- 
fication. Complications, postoperative. Recovery, postoperative. 
Organisations, American Society of Anesthesiologists. 


The American Society of Anesthesiologists’ (ASA) 
classification of physical status was introduced in 
1941 by Saklad [1] in an attempt to provide a basis 
for comparison of statistical data in anaesthesia. The 
classification was revised in 1963 [2] with the number 
of classes being reduced from seven to five. Several 
retrospective studies have demonstrated a correlation 
between ASA classification and perioperative mor- 
tality [3-8], and have suggested its usefulness as a 
predictor of patient outcome. Prospective studies 
correlating ASA classification with both perio- 
perative mortality and morbidity have suffered either 
from small patient numbers [4] or from focusing 
only on anaesthetic complications [9, 10]. 

The aim of this prospective study was to evaluate 
the prognostic value of ASA classification with 
regard to perioperative variables such as blood loss, 
duration of intensive care stay, postoperative compli- 


cations and mortality. In addition, we investigated 
the relationship between the presence of specific 
preoperative disease states (arterial hypertension, 
previous myocardial infarction, smoking and severe 
bronchopulmonary disease) and the development of 
major postoperative complications (cardiac and pul- 
monary), and the need for postoperative ventilation. 
Further, we used logistic regression analysis to 
provide an estimate of the risk odds ratio implied by 
specific perioperative variables, together with an 
estimate of the risk odds ratio when more than one 
perioperative variable was considered. 


Patients and methods 


All patients operated on in the Department of 
General and Vascular Surgery, University of 
Cologne, between May 1, 1989 and April 30, 1993, 
were included prospectively in the study. All patients 
were assessed before operation by an anaesthetist, 
wherever possible. Assignation of the 1963 ASA 
classification (table 1) was performed by two anaes- 
thetists, of which at least one was a consultant. The 
standard anaesthetic record was used. Specific data 
retrieved from the anaesthetic record were: ASA 
classification; emergency or elective operation; the 
presence of specific preoperative disease states 
(anaemia, defined as haemoglobin concentration 
< 100 glitre! or arterial hypertension systolic 
pressure > 160 mm Hg); previous myocardial in- 
farction; previous stroke; smoking (positive if > 20 
cigarettes per week); severe bronchopulmonary 
disease (vital capacity or forced expiratory volume in 
ls < 40% of predicted); diabetes mellitus (all types 
requiring medication); acute or chronic renal failure 
(serum creatinine > 1.5 mg dl“); and major gastro- 
intestinal diseases (e.g. ulcerative colitis, gastric or 
duodenal ulcer). Type of anaesthesia, operation 
performed, operating time (time from skin incision 
to wound closure) and intraoperative blood loss, as 
estimated by the anaesthetist, were also recorded. 
Operations were classified according to the Hoehn 
system [11], as used frequently in Germany, into 
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Table 1 American Society of Anesthesiologists’ (ASA) 
physical status classification 


Class Description 


I Healthy patient 

II Mild systemic disease—no functional limitation 

III Severe systemic disease—definite functional limitation 
IV Severe systemic disease that is a constant threat to life 
Vv Moribund patient unlikely to survive 24 h with or 


without operation 


minor (e.g. repair of soft tissue wounds, perineal 
surgery), moderate (colostomy formation, chole- 
cystectomy, herniotomy) or major (bowel resection, 
thoracic surgery, abdominal and peripheral vascular 
interventions). Preoperative investigations in all 
patients undergoing moderate and major operations 
included serum electrolyte (Na*, Kt, Cl-), creatinine 
and glucose concentrations, blood count (haemo- 
globin, packed cell volume, platelet count, leucocyte 
count), coagulation screen (prothrombin time, par- 
tial thromboplastin time), chest x-ray and an ECG. 
Also, all patients received cephazolin (Elzogram 2 g) 
i.v. and single-dose low molecular weight heparin 
(Dalteparin sodium 7500 i.v.) s.c. after induction. 

Postoperative data were obtained by surgical 
interns and final year medical students. Attention 
was focused on pulmonary complications such as 
bronchopulmonary infection, as diagnosed by posi- 
tive sputum culture or positive chest x-ray, or both, 
atelectasis or pleural effusion, as seen on the chest x- 
ray. Significant arrhythmias such as new atrial 
fibrillation or acute myocardial infarction confirmed 
by ECG changes and increases in CPK-MB enzymes 
were recorded as cardiac complications. Wound 
inflammation or a purulent wound discharge was 
recorded as a wound infection, and clinically ap- 
parent anastomotic leakage was also noted. Culture- 
positive urinary tract infections were also recorded. 

The data were summarized into two groups. First, 
to allow comparison between ASA classification and 
perioperative variables, we recorded duration of 
operation, intraoperative blood loss, duration of 
postoperative ventilation, stay in intensive care, 
postoperative hospital stay, and rates of pulmonary 
complications, cardiac complications, wound infec- 
tion, anastomotic leakage, urinary tract infection and 
in-hospital mortality (expressed as means). The 
second grouping allowed a univariate analysis of the 
relationship between the most prevalent preoperative 
disease states and the incident of major postoperative 
events. Finally, logistic regression was applied to the 
data to estimate the risk odds ratio of single and 
combined perioperative variables. 


STATISTICAL METHODS 


The Students ¢ test was used to quantify the 
difference in the means of independent perioperative 
variables between ASA classifications. Differences in 
the rates of complications between ASA classi- 
fications were assessed by Fisher’s exact test. The 
significance of the impact of preoperative disease 
states on the development of a specific postoperative 
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complication was also assessed by Fisher’s exact test. 
The logistic regression model is explained in the 
appendix. 


Results 


A total of 6301 patients were operated on in the 
sample period and patient data are summarized in 
table 2. More than 75 % of patients were classified as 
ASA II or III (table 3). As only 15 patients (0.2%) 
were classified as ASA V and as 14 of these patients 
died in hospital, they were excluded from statistical 
analysis on morbidity. 

There were a total of 9136 pre-existing disease 
states in 6301 patients (table 4). The major pre- 
operative disease states identified were arterial 
hypertension, smoking, severe bronchopulmonary 
disease and major gastrointestinal disease, each with 
an incidence of more than 20 %. The type of operation 
according to Hoehn system was 1004 (16%) minor, 
1695 (27%) moderate and 3602 (57%) major. All 
ASA V patients underwent major operations. The 
specific sites of operation are summarized in table 5. 
As an indication of the type of operation performed, 
the 1077 operations listed as “colon and rectum” 
included mainly partial and total colectomy, and the 
1495 operations listed as “vascular” included aortic 
procedures and carotid surgery. 


Table 2 Patient data (mean (sD) [range] or number (%)) 


Total number of patients 6301 


Males 3699 (59%) 

Females 2602 (41 %) 
Emergency operations 1279 (20%) 
Malignant disease identified 1631 (26%) 
Age (yr) 52 [0-98] 
Type of anaesthesia 

General 97.5% 

Regional 1.4% 

Combined 11% 


Operating time (min) 107 (48.2) [5-830] 
Postoperative stay (days) 12 (2.8) [1-132] 


Hospital stay (days) 16.5 (3.4) [1-179] 


Table 3 ASA classification of all patients 





n % 
ASA I 1133 18 
ASA II 2685 42.6 
ASA III 2181 34.6 
ASA IV 290 4.6 
ASA V 15 0.2 


Table 4 Incidence of specific preoperative disease status 





n % 
Anaemia 501 8 
Arterial hypertension 1817 28 
Previous myocardial infarction 272 4 
Previous stroke 460 7 
Positive smoking history 1823 28 
Severe bronchopulmonary disease 1353 21 
Diabetes mellitus 685 11 
Acute or chronic renal failure 685 ll 
Major gastrointestinal disease 1540 24 


ASA classification and postoperative outcome 


Table 5 Sites of surgery for the 6301 patients 


Site of surgery n % 

Thyroid and parathyroid 421 6.7 
Oesophagus 283 4.5 
Gastric 232 3.7 
Small bowel 172 2.7 
Colon rectum 1077 16.9 
Biliary tract 358 5.7 
Liver ~ 137 2.2 
Pancreas 66 1 

Spleen 74 1.7 
Adrenal gland, kidney 69 1 

Hernia 600 9.4 
Kidney transplant 235 3.7 
Other abdominal surgery 314 5 

Breast surgery 23 0.4 
Extra-abdominal lymph nodes 106 1.7 
Other neck surgery 32 0.5 
Soft tissue tumours 210 3.3 
Vascular 1495 23.6 
Thoracic 397 6.3 


For perioperative variables in relation to ASA 
(table 6), we found an increase in duration of 
operation between ASA I and ASA II-IV combined 
(P < 0.05) and between ASA II and III (P < 0.05). 
Intraoperative blood loss was 5~20-fold greater in 
ASA IV than in ASA J-III groups (P < 0.05). We 
found a 2—6-fold increase in the duration of post- 
operative ventilation between individual groups (P 
< 0.05). Postoperative intensive care and total 
hospital stay of ASA II-IV patients were 1—5 and 
7-11 days longer, respectively, than in ASAI (P < 
0.05). We found a 2-3-fold incidence of post- 
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operative bronchopulmonary complications in a step- 
wise manner through each ASA class (P < 0.05). A 
threefold increase in cardiac complications was found 
between individual classes I-IV (P < 0.05). The 
incidence of postoperative wound and urinary tract 
infections was 2-3 times greater in ASA classes 
II-IV than in ASA class I (I vs II-IV, P < 0.05). 
Postoperative anastomotic leakages were inde- 
pendent of ASA class. We found a significant 5—7-fold 
stepwise increase in hospital mortality per ASA 
class. 

The relationship between specific preoperative 
disease states and individual postoperative compli- 
cations is shown in table 7. Arterial hypertension and 
previous myocardial infarction implied a 50% 
increase in the rate of developing a cardiac com- 
plication, and previous myocardial infarction implied 
longer postoperative ventilation. Severe broncho- 
pulmonary disease implied a significant increase in 
the chance of developing a cardiac or pulmonary 
complication and increased duration of postoperative 
ventilation. We did not find that smoking was a 
significant factor in the development of the four 
major postoperative complications. 

The logistic regression analysis data are sum- 
marized in table 8. The highest risk odds ratios for 
developing a postoperative complication were asso- 
ciated with worsening ASA classification and a 
“major” vs a “moderate” or “minor” operation, as 
per the Hoehn classification. Particularly, assig- 
nation of ASA IV implied a risk odds ratio of 4.26, 
that is a 4.26 times higher risk of developing a 
postoperative complication than for ASA I. As- 


Table 6 Preoperative variables in relation to ASA. * Chi-square analysis by Fisher’s exact test; + Student’s t test 


ASA I 

Operation duration (min) 75 

Intraoperative blood loss (ml) 78 

Postoperative ventilation (h) 1.1 
Intensive care stay (days) 0.2 
Postoperative stay (days) 9.3 
Bronchopulmonary infection (%) 0.5 
Other pulmonary complications (%) 0.6 
Cardiac complications (%) 0.1 
Wound infection (%) 1.8 
Anastomotic leakage (%) 0.6 
Urinary infection (%) 2.1 
Mortality (%) 0.1 


ASA II ASAI  ASAIV P 
108 124 116 <0.05¢ 
105 293 1548 < 0.05¢ 
4.2 7.7 46.5 < 0.05 
0.8 1.9 5.4 < 0.05t 
16.4 20.8 17.6 < 0.05ł 
2.2 5.2 12.1 < 0.05* 
2.1 4.3 9.9 < 0.05* 
1.5 5.5 18 < 0.05* 
3.8 6.3 10.6 < 0.05* 
1.3 15 1.6 0.14456* 
4.6 6.1 5 < 0.05* 
0.7 3.5 18.3 < 0.05* 


Table 7 Univariate analysis of preoperative disease status in relation to postoperative complications. *P < 0.05 





Postoperative Cardiac Pulmonary 
ventilation (h) complications complications Pneumonia Mortality 
(mean (sD)) (%) (%) (%) (%) 
Arterial hypertension (%) 
Yes 7.4 (37.3) 4.8 3.4 4.0 2.9 
No 6.5 (29.8) 2.7* 2.8 3.0 15 
Previous myocardial infarction (%) 
Yes 13.7 (62.2) 7.2 4.5 4.2 4.2 
No 6.4 (34.3)* 3.1* 2.9 3.2 1.8 
Severe bronchopulmonary disease (%) 
Yes 10.6 (45.5) 5.9 5.5 5.8 3.8 
No 5.7 (32.0)* 2.6* 2.3* 2.6* 1.4* 
Smoker (%) 
Yes 6.3 (30.8) 3.3 3.3 4.9 1.9 
No 6.9 (37.0) 3.3 2.8 2.6* 1.9 
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Table 8 Risk factors for postoperative complications. *f, estimated regression coefficient, > standard error of f, 
€ P value for Wald’s test, odds ratio related to reference class adjusted for all other independent variables in the 
model, °95% confidence intervals for the odds ratio, ‘reference class is set to ASA I: ASA (1) = indicator for 
class ASA II; ASA (2) = indicator for class ASA III; ASA (3) = indicator for class ASA IV, 8“ Major” 
operations compared with “moderate” or “minor” operations, as per the Höhn classification 


Independent variables 
(poorer class or “yes” 


coded 1) fo sE®) 
ASA® 

ASA (1) 0.45 0.1319 

ASA (2) 0.81 0.1400 

ASA (3) 1.45 0.1855 
Class of operation 0.63 0.0783 
Emergency 0.21 0.0440 
Renal insufficiency 0.33 0.1010 
Anaemia 0.21 0.0921 
Bronchopulm. disease 0.26 0.0763 
History of smoking 0.15 0.0718 
Age (yr) 0.01 0.0022 
Op. duration (min) < 0.0001 < 0.0001 
Constant —3.5622 0.1475 


signation of ASA II and III implied risk odds ratios 
of 1.57 and 2.25, respectively. A moderate increase 
in the risk odds ratio was also seen in patients with 
renal disease, anaemia, bronchopulmonary disease 
and in those undergoing emergency operations. 


Discussion 


The ASA classification has established itself as the 
most widely used patient risk assessment scheme in 
anaesthesia, despite being developed in 1941 by 
Saklad [1] for the purpose of statistical data man- 
agement. The 1963 revision eliminated the emerg- 
ency classes of the original version and an emergency 
operation is noted by placing an “E” after the 
remaining five classes. No other preoperative risk 
assessment scheme developed has achieved the same 
widespread use. Other internationally known patient 
scoring systems outside the field of anaesthesia 
include APACHE II [12], used widely in intensive 
care, but the need for a 24-h sampling period of 12 
routine physiological measurements, age and pre- 
vious health status underlies the unsuitability of this 
system for anaesthesia. The Physiological and Op- 
erative Severity Score for the enUmeration of 
Mortality and morbidity (POSSUM) was presented 
by Copeland, Jones and Walters in 1991 [13] and is 
based on a point score derived from 12 physiological 
and six operative severity score factors. The authors’ 
intention was to develop a score to aid surgical audit 
and thus their method does not give the full score 
and the numerical estimate of the risk of mortality 
and morbidity until the outcome is known. In 
contrast, the ASA classification represents a simple 
estimation of physiological status without the need 
for clinical resources and can be applied to every 
patient before operation. 

A major drawback of the ASA system is assessment 
of a patient’s “correct” ASA classification by 
different anaesthetists and this was shown clearly by 
Owens, Felt and Spitznagel [14]. In their study, 304 
anaesthetists were requested to classify 10 hypo- 
thetical patients and the mean numbers of patients 
rated identically by the authors and the responders 


Logistic regression variables and statistics 





PO Risk ratio® 95% CIO 

< 0.00005 
0.0007 1.5668 1.21; 2.03 

< 0.00005 2.2457 1.715 2.96 

< 0.00005 4.2600 2.96; 6.13 

< 0.00005 1.8604 1.61; 2.19 

< 0.00005 1.2366 1.13; 1.34 
0.0008 1.3976 1.14; 1.70 
0.0259 1.2279 1.03; 1.48 
0.0009 1.2911 1.12; 1.51 
0.0346 1.1638 1.01; 1.34 

< 0.00005 1.0105 1.0006; 1.014 

< 0.00005 1.0001 1.0001; 1.000 

< 0.00005 


was 5.9 (mode 6). To minimize this variability in our 
study, assignation of ASA class was performed by 
two experienced anaesthetists adhering strictly to the 
1963 criteria (table 1). It is important to remember 
that these criteria do not take into account age and 
the complexity of operation, and there is no differen- 
tiation between a systemic disease that leads to 
operation and one that is an incidental chronic 
finding. 

Few studies have examined the relationship be- 
tween ASA physical status and perioperative mor- 
bidity. Cohen, Duncan and Tate [15] studied 
anaesthetic complications in the intraoperative 
period and in the recovery room (e.g. cardiac arrest, 
hypotension, aspiration). Tiret and Hatton [10] 
reported similar major complications during or 
within 24h of anaesthesia. Both studies found 
significant correlations between these anaesthetic 
complications and patient ASA classification. 

Our data identified several specific intra- and 
postoperative variables correlated significantly with 
ASA classification. Intraoperative blood loss, dur- 
ation of postoperative ventilation, duration of in- 
tensive care stay, rates of pulmonary and cardiac 
complications, and in-hospital mortality showed 
significant increases as patient ASA defined status 
advanced from I to IV, with a 20—-180-fold difference 
between ASA I and IV, and an average 2.8- and 3.7- 
fold difference in these variables between ASA II 
and III, and ASA III and IV, respectively. The high 
incidence of perioperative morbidity in ASA classes 
III and IV, especially pulmonary and cardiac 
complications (4-18%), supports the concept of 
directing therapy, particularly ventilatory support 
and other intensive care resources, towards these 
patients. 

The correlation between ASA classification and 
postoperative mortality has been shown in several 
previous studies [3, 5-8] and was confirmed by our 
data. The published absolute mortality rates of the 
individual classes showed considerable variation, 
with 0-0.3% for ASAI, 0.3-1.4% for ASA II, 
1.8-54% for ASA III, 7.8-25.9 % for ASA IV and 
9.4-57.8% for ASA V. This variation may be 
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explained by differences in assessment of the pa- 
tient’s ASA physical status, patient population, 
sample size, operations performed and duration of 
postoperative monitoring. The latter is particularly 
important, as some of the older studies included only 
deaths occurring within the first 48 h [6] or within 
the first 7 days [5] after operation, while none covered 
the whole hospital stay. Thus these studies missed 
almost 50% of postoperative in-hospital deaths 
occurring after the seventh postoperative day [3]. 
Often these limits are placed to assess the possible 
role of anaesthesia in postoperative mortality. In 
contrast, our data, with mortality rates of 0.1% for 
ASA I, 0.7 % for ASA II, 3.5 % for ASA ITI, 18.3% 
for ASA IV and 93.3 % for ASA V, were based on all 
deaths in hospital after surgical intervention, as we 
wished to quantify the total in-hospital risk. 

Univariate analysis of four major preoperative 
disease states against individual postoperative compli- 
cations (table 7) demonstrated their role in the 
development of complications in the related organ 
systems. This information is of little impact as 
patients usually have more have one significant pre- 
existing disease and it cannot be used to quantify the 
relative risk. Therefore, our study attempted to 
quantify the importance of specific risk factors in the 
evaluation of surgical outcome using multiple risk 
analysis as the appropriate statistical method. This 
was done as a means of eliminating the interference 
of these variables, as in previous studies [9, 12, 13]. 
The risk odds ratio (ROR), reflecting the relative 
increase in the complication risk of a single variable, 
was calculated by multivariate analysis and stepwise 
regression. The highest risk odds ratio of 4.26 was 
calculated for ASA IV, followed by ASA III (ROR 
2.25), class of operation (ROR 1.86), ASA II (ROR 
1.57) and emergency operation (ROR 1.24). 

All other variables were of minor significance. 
Again, this highlights the value of the ASA classi- 
fication system for the prediction of postoperative 
complications. A similar conclusion was reached by 
Pedersen and colleagues [4] who evaluated the 
possible relationship of 35 preoperative variables to 
only one event: the need for postoperative mech- 
anical ventilation in a 3-month screening study. The 
best predictor of all variables was an ASA classi- 
fication of greater than III. To assess the role of the 
complexity of an operation as an independent risk 
factor, previous studies divided the interventions 
into two groups (minor/major) [9], or into four 
groups (minor/moderate/major/major-+ ) [13]. Ap- 
plying the Hoehn classification [11], we differen- 
tiated three classes and found no significant dif- 
ference between minor and moderate interventions, 
whereas major operations implied an almost doubled 
risk of complications. 

The relative risk of 1.24 for patients undergoing 
emergency operations developing a postoperative 
complication was lower than risk odds ratios reported 
previously. Tiret and Hatton reported an ROR of 2.0 
for intraoperative complications [10], Pedersen and 
colleagues 2.1 for the risk of postoperative ventilation 
[4] and Cohen, Duncan and Tate 4.4 for the risk of 
dying within 7 days [15] after an emergency 
operation. 
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Forrest and colleagues [16] showed that ASA 
classes III and IV were major predictors for severe 
cardiorespiratory outcome in a study which included 
only patients for elective surgery. 

To extend the use of the multivariate risk analysis 
concept, the impact of more than one variable can be 
assessed using the formulae in the appendix, together 
with estimated regression coefficients derived from 
the logistic regression analysis of our data. This 
attempted quantification of “total” relative risk is of 
great value as it could lead to improvement in patient 
therapy. 


Appendix 


The goal of logistic regression analysis is to describe the 
relationship between a prospectively observed dichotomous 
outcome (the occurrence of a postoperative complication or 
not—the dependent variable) and a set of independent indicator 
variables (perioperative variables in our model) by modelling the 
probability “P” of the outcome by an expression of the form: 


1 
O 14e#%) = 
where g(X) = By +f, Xi +... +a Xa By = model constant, fh... 
= regression coefficients (estimated by maximum likelihood 
methods) and X, „ = independent predictor variables coding 
perioperative clinical risk factors. 

In our model there are three types of predictor variables: (i) 
those coding the dichotomous state yes/no (i.e. presence or not) of 
known clinical variables before operation, such as broncho- 
pulmonary disease or an emergency operation; these are usually 
coded “1” if a clinically poorer status is present and otherwise 
0”; (ii) those variables coding values of continuous variables 
such as duration of operation; (iii) those categorical or ordinal 
items, such as ASA classification, where “dummy” using k—1 
indicator variables for A categories of the item is set up. To 
simplify our model, the reference category for ASA status was set 
to ASA 1 and indicator variables for ASA II, ITI and IV termed 
ASA (1), ASA (2) and ASA (3), respectively (table Al). 

To calculate the risk odds ratio (ROR) for an outcome we use: 


P 
pe arta 2 
ILP (2) 
which by substitution becomes ROR = 
e or ef respectively (3) 


and may be estimated for each risk pattern. 

An estimator for the multiplicative change in the ROR when 
switching an indicator variable to poorer status, leaving the values 
of all other independent variables fixed, is given by the expression: 


cd (4) 

An estimator for 100 (1— a) % confidence interval for the ROR 
is given by: 

eft 1.96f) (5) 


where seE(f) = standard error of the regression coefficient f 
belonging to the variable studied for the change in ROR. 

To obtain an estimate of the ROR of multiple variables we used 
equation (4). For example, using table 8, the ROR for a population 
with the risk pattern (a): 


Table A1 Indicator variables for ASA categories 





Indicator variables 








ASA 

status ASA (1) ASA (2) ASA (3) 
I 0 0 0 

II 1 0 0 

lil 0 1 0 

IV 0 0 1 
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(a) ASA= II 


Emergency operation = yes 
Bronchopulmonary disease = yes 


Smoker = yes 


relative to a population with risk pattern (b): 
(b) ASA =I 
Emergency operation = no 


Bronchopulmonary disease = no 
Smoker = no 


and with equal values for all other risk variables, is estimated 
through: 


e(0-45+0.2140 2640.15) =29 %3 (6) 


In terms of relative risk this indicates that a postoperative 
complication may occur approximately three times as often among 
patients with risk pattern (a) than among patients with risk pattern 
(b), assuming all other clinical risk factors are identical. 


References 


1. 


2. 


3. 


Saklad M. Grading of patients for surgical procedures. 
Anesthesiology 1941; 2: 281-284. 

American Society of Anesthesiologists. New classification of 
physical status. Anesthesiology 1963; 24: 111. 

Farrow SC, Fowkes FG, Lunn JN, Robertson IB, Samuel P. 
Epidemiology in anaesthesia II: Factors affecting mortality in 
hospital. British Journal of Anaesthesia 1982; 54: 811-817. 


. Pedersen T, Eliasen K, Ravnborg M, Viby-Mogensen J, 


Qvist J, Johansen SH, Henriksen E. Risk factors, compli- 
cations and outcome in anaesthesia. A pilot study. European 
Journal of Anaesthesia 1986; 3: 225-239. 


. Marx GH, Matteo CV, Orkin LR. Computer analysis of post 


anesthetic deaths. Anesthesiology 1973; 39: 54-58. 


14, 


15. 


16. 


British Journal of Anaesthesia 


. Vacanti CJ, Van Houten RJ, Hill RC. A statistical analysis of 


the relationship of physical status to postoperative mortality 
in 68388 cases. Anesthesia and Analgesia 1970; 49: 564-566. 


. Menke H, John KD, Klein A, Lorenz W, Junginger Th. 


Praoperative Risikoeinschatzung mit der ASA-K lassifikation. 
Eine prospektive Untersuchung zu Morbidităt und Letalitit 
in verschiedenen ASA-Klassen bei 2937 Patienten mit 
allgemeinchirurgischen Operationen. Chirurg 1992; 63: 
1029-1034. 


. Feigal DW, Blaisdell FW. The estimation of surgical risk. 


Medical Clinics of North America 1979; 63: 1131-1143. 


. Cohen MM, Duncan PG. Physical status score and trends in 


anesthetic complications. Journal of Clinical Epidemiology 
1988; 41: 83-90. 


. Tiret L, Hatton F. Prediction of outcome of anaesthesia in 


patients over 40 years: a multifactorial risk index. Statistics in 
Medicine 1988; 7: 947-954. 


. Hébn HG. Operationskatalog fiir Betriebsvergleiche. KU 


1972; 2: 112-131. 


. Knaus WA, Draper EA, Wagner DP. Apache II: a severity of 


disease classification system Critical Care Medicine 1985; 13: 
818-829. 


. Copeland GP, Jones D, Walters M. POSSUM: a scoring 


system for surgical audit. British Journal of Surgery 1991; 78: 
356-360. 

Owens WB, Felts JA, Spitznagel EL. ASA physical status 
classifications: A study of consistency of ratings. Anes- 
thestology 1978; 49: 239-243. 

Cohen MM, Duncan PG, Tate RB. Does anaesthesia 
contribute to operative mortality? Journal of the American 
Medical Association 1988; 260: 2859-2863. 

Forrest JB, Rehder K, Cahalan MK, Goldsmith CH. 
Multicenter study of general anesthesia. III. Predictors of 
severe perioperative adverse outcomes. Anesthesiology 1992; 
76: 3-15. 


British Journal of Anaesthesia 1996; 77: 223-226 


Time course of increased haemodilution in hypotension induced by 


extradural anaesthesia 


D. DROBIN AND R. G. HAHN 


Summary 


Volume loading with crystalloid solution results in 
more pronounced haemodilution in patients who 
develop arterial hypotension during induction of 
extradural anaesthesia than in those who remain 
normotensive. The aim of this study was to describe 
the time course of this increase in haemodilution. 
Heart rate, systolic arterial pressure and blood 
haemoglobin concentration were measured every 
3 min during the onset of extradural anaesthesia in 
22 elderly men undergoing short urological opera- 
tions. Fluid therapy consisted of 15 ml/kg body 
weight of Ringer's acetate solution. Patients with a 
decrease in systolic pressure of > 25% retained 
50% (SD 12%) of the infused fluid in the circulation, 
while the others retained 36 (8%) (P < 0.002). In 
both groups, arterial hypotension was followed by 
increased haemodilution after a delay of as much as 
15 min. This suggests that, despite volume loading, 
there is relative hypovolaemia throughout the 
development of hypotension. (Br. J. Anaesth. 
1996; 77; 223-226). 


Key words 


Anaesthetic techniques, extradural. Arterial pressure, hypoten- 
sion. Blood, volume. Fluids, i.v. Blood haemodilution. 


Haemodilution is frequently induced by volume 
loading with a crystalloid solution before lumbar 
extradural anaesthesia or spinal anaesthesia is in- 
duced. The aim is to prevent a decrease in arterial 
pressure (AP) by increasing blood volume. However, 
the body’s handling of crystalloid solutions is altered 
during the onset of these neural blocks. Elderly men 
who maintain a normal AP retain about 30 % of the 
solution given for volume loading in the circulation, 
while this fraction is twice as large in those who show 
a decrease in AP [1-3]. Thus blood volume increases 
in proportion to hypotension. Marked haemodilution 
has also been described in parturients who develop 
hypotension during onset of these blocks before 
Caesarean section [4]. 

The aim of this study was to see how fast this 
increased haemodilution develops. 


Patients and methods 


We studied 22 male patients, ASA I-II, mean age 71 
(range 38-85) yr, during induction of extradural 
anaesthesia before short urological operations. Ap- 
proval of the Ethics Committee was obtained and 
each patient gave informed consent. 


Premedication consisted of oral oxazepam 25 mg 
orally. Cannulae were inserted into the antecubital 
veins of both arms. A fluid load of 15 mg/kg body 
weight of an isotonic glucose-free crystalloid solution 
(Ringer’s acetate) was infused into one of these veins 
at a constant rate over 50 min with the aid of two 
infusion pumps (IVAC 560, San Diego, CA, USA). 
After 20 min, extradural anaesthesia was induced 
with 2% mepivacaine and adrenaline 1:200000 
(Carbocain—adrenalin, Astra, Södertälje, Sweden). A 
test dose of 3 ml of the anaesthetic solution was 
administered into the extradural space via an in- 
dwelling catheter when 20 min had elapsed since the 
onset of volume loading. The main dose was 9-16 ml, 
depending on body weight, and was given 3 min 
later. 

A blood sample for measurement of blood haemo- 
globin concentration (Hb) with a Coulter Counter 
S plus (Counter Electronics, Hialeah, FL, USA; 
coefficient of variation of 2%) was obtained on 13 
occasions, before any fluid was given, at 10 min and 
just before the test dose was given at 20 min into 
volume loading. Thereafter, Hb was measured every 
3 min up to 50 min into the study, at which time the 
fluid had been infused and adequate surgical an- 
algesia had been achieved, as determined by loss of 
pinprick sensation. 

On the same occasions, one of the authors (D.D.) 
measured systolic AP using a mercury sphygmo- 
manometer. Hypotension was defined as a decrease 
in systolic AP of > 25%. Patients who did not fulfil 
this criterion were considered normotensive. A 
vasopressor was available for those who developed 
bradycardia or nausea, but this did not occur. 

The amount of fluid infused that remained in the 
circulation was calculated from the following equa- 
tion [1-3]: 

Fluid retained (%) 

= (ViHb,/Hb,) — %)/volume infused 


where Hb,/Hb, = haemodilution and V = blood 
volume before treatment, as estimated from the 
height and weight of the patient [5]. 

The results are expressed as mean (sD). The 
methods of statistical evaluation were simple and 
multiple linear regression analysis, one-way 
ANOVA and the paired ¢ test were used. P < 0.05 
was considered statistically significant. 
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Results 


Ten patients developed hypotension during the onset 
of extradural anaesthesia. There were no significant 
differences between these patients and normotensive 


Table 1 Patient data, systolic arterial pressure (SAP) and 
amount of fluid infused that was retained in the blood of 22 
elderly men in whom lumbar extradural anaesthesia was 
induced (mean (sp or range)). * SAP decreased to > 25% 
during the onset of block 


Normotensive Hypotensive*é’ ANOVA 
12 10 


72 (52-82) 69 (38-85) 
80 (13) 77 (13) 


n 
Age (yr) 
Weight (kg) 
Amount of 

anaesthetic (ml) 16 (2) 14 (3) 
Extent of 

analgesia (Th) 4.3 (1.71) 
SAP (mm Hg) 

155 (24) 

98 (26) 


7.1 (2.8) P<0.01 
0 min 138 (25) 
50 min 120 (21) 
Amount of fluid 
retained (%) 
0-50 min 36 (8) 


P < 0.02 


50 (12) P < 0.002 


1.45 


HR (ratio) 


1.0 


0.8 ji 


0.6 


SAP {ratio} 


0.4 


1.00 
0.98 
0.96 
0.94 
0.92 


0.90 A 


0.88 


Hb concn {ratio} 


0 10 20 30 40 
Time (min) 


Figure 1 Relative changes in heart rate (HR), systolic arterial 
pressure (SAP) and haemoglobin (Hb) concentration during 
volume loading with Ringer’s acetate solution and induction of 
extradural anaesthesia (arrows) in 22 elderly men (mean, sD). 
Ten patients showed a total decrease in SAP of > 25% (@) 
while 12 showed a less pronounced decrease (Q). 
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Figure 2 Relative change in systolic arterial pressure (SAP) vs 
haemoglobin (Hb) concentration after the local anaesthetic 
solution had been injected into the extradural space. The 
distance between each point on the curves represents a period 
of 3 min. Data are mean (n = 22) and are divided into 
hypotensive (@) and normotensive (©) patients. 


0.94 


° 
to 
iS) 


Hb concn (ratio) 
o 
8 


0.88 


0.86 





0.2 0.4 0.6 0.8 1.0 1.2 
SAP (ratio) 


Figure 3 The decrease in systolic arterial pressure (SAP) vs 
haemoglobin (Hb) concentration from before volume loading 
with Ringer’s acetate solution to after extradural anaesthesia 
had been induced 50 min later. Each point represents one 
patient (r = 0.66, P < 0.001). 


patients in age, systolic AP or the amount of 
anaesthetic solution given (table 1). However, the 
extent of analgesia was higher in hypotensive 
patients, and they retained a larger fraction of the 
infused fluid in the circulation than normotensive 
patients. 

Heart rate increased significantly during the onset 
of block in the normotensive patients (paired t test) 
but remained unchanged in those who showed a 
decrease in AP (fig. 1, top). The time courses of the 
changes in systolic AP and haemodilution were the 
same, irrespective of the magnitude of the hypo- 
tensive reaction (fig. 1, middle and bottom). A plot of 
SAP vs haemodilution over time highlights the fact 
that the time courses in both the hypotensive and 


Blood dilution during extradural anaesthesia 


normotensive patients consisted of two distinctly 
different phases, each with a duration of approxi- 
mately 15 min (fig. 2). The first phase was charac- 
terized by a decrease in AP and the second by 
haemodilution. 

The end result (at 50 min) showed a significant 
linear relationship between the reductions in AP and 
Hb in all patients (fig. 3). Multiple regression 
analysis confirmed that no other factor, including 
haemodilution during the initial 20 min of volume 
loading (P =0.12) and baseline AP (P = 0.39), 
correlated with haemodilution during the onset of 
the block. There was no correlation between the 
initial haemodilution and hypotension. 


Discussion 


Inadequate circulating blood volume is still believed 
to be the main mechanism responsible for hypo- 
tension during the onset of extradural anaesthesia. 
[6]. Blood is pooled in the capacitance vessels of the 
legs at the expense of cardiac filling [7]. The 
increased haemodilution in hypotensive patients 
probably indicates an altered relationship in com- 
pliance for volume expansion between the intra- 
vascular fluid compartment and the interstitial fluid, 
to the advantage of the dilated intravascular fluid 
compartment. As vasodilatation is more widespread 
in patients with high-level extradural block, they 
also have more haemodilution. 

This study showed that the fluid shift typical of 
vasodilatation develops more slowly than expected. 
To maintain venous return, each incremental in- 
crease in vascular capacitance would have to be 
followed by prompt and proportional haemodilution, 
but this apparently does not occur. Increased 
haemodilution is a dynamic process that can be 
regarded as two successive phases of change in the 
relationship between AP and Hb concentration. The 
most rapid reductions in AP and Hb differed by as 
much as 15 min. The delay before hypotension was 
followed by haemodilution, suggesting that relative 
hypovolaemia persisted throughout the onset of 
extradural anaesthesia. Therefore, our findings 
might be relevant to the fact that volume loading is 
ineffective in preventing hypotension [8-10]. 

The delay before haemodilution developed can 
perhaps be understood by considering the origin of 
the fluid that appeared in the circulation of hypo- 
tensive patients. Several possibilities exist. Hypovo- 
laemia is capable of recruiting appreciable amounts 
of fluid from skeletal muscle and skin [11], but this 
is not consistent with the essentially unchanged Hb 
concentration when extradural anaesthesia is in- 
duced in the absence of volume loading [1]. 

Another potential source of the fluid is the 
interstitial fraction of Ringer’s acetate solution 
infused during the first 20min of the study. 
“ Autotransfusion”’ with interstitial fluid, is a rapid 
process if the capillary pressure is lowered [11] and 
can hardly explain the delay in haemodilution. This 
mechanism does operate to some degree, however, as 
evidenced in a few patients in whom volume loading 
was terminated just before the local anaesthetic was 
injected. 
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A third possibility is that the fluid for increased 
haemodilution is derived mainly from the ongoing 
infusion. This view serves best to explain the 15-min 
delay between hypotension and haemodilution. It 
also receives support from a recent study in which 
hypotension promoted a deviation in blood glucose 
concentration towards the glucose concentration of 
the crystalloid infusion (being 0 to 0.5%), thus 
indicating excess enrichment of the ongoing infusion 
in the blood of hypotensive patients [12]. 

The use of a local anaesthetic solution that 
contained adrenaline is not likely to have affected the 
hypotension—haemodilution relationship found in 
this study [1]. Absorption of adrenaline may explain 
the tachycardia observed just after the induction, 
while block of cardiac sympathetic fibres by high- 
level analgesia can account for the difference in heart 
rate between the hypotensive and normotensive 
patients. Adrenaline can probably also account for 
the mild transient haemoconcentration observed 
after the local anaesthetic solution had just been 
injected. 

Atrial natriuretic peptide released during initial 
volume loading is a possible factor augmenting 
hypotension by reducing vascular tone and increas- 
ing vascular permeability [13,14]. Such an effect 
could not be discerned statistically, however, as 
pronounced volume expansion before extradural 
anaesthesia did not correlate with hypotension. 

One should be aware of the artificial division 
between patients who showed a decrease in systolic 
AP of more or less than 25 %. However, a reduction 
in systolic AP to a predetermined physiological level, 
such as < 100mm Hg or a decrease of 20-30% 
below baseline, appears to be conventional in this 
type of study [15]. The categorical approach was 
used here only to achieve the highest possible degree 
of clarity in the presentation. Figure 3 shows that the 
hypotension—haemodilution relationship is in fact a 
continuous linear function, and our slope agreed well 
with those of previous reports [1-3]. 
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LABORATORY INVESTIGATIONS 


Combination of inhaled nitric oxide with i.v. nitroglycerin or with a 
prostacyclin analogue in the treatment of experimental pulmonary 


hypertension 


L. J. VAN OBBERGH, M. CHARBONNEAU AND G. BLAISE 


Summary 


We have studied the effect of combining inhaled 
nitric oxide (NO) with an i.v. vasodilator agent, 
nitroglycerin, or ciloprost, a prostacyclin analogue, 
during acute pulmonary hypertension in pigs, 
induced by continuous infusion of a thromboxane 
analogue (U46619), adjusted to maintain mean 
pulmonary artery pressure (MPAP) at 40 mm Hg. 
The effects of the different treatments on MPAP and 
pulmonary resistances were determined. in the first 
part of the study, we determined the dose-response 
to increased NO concentrations from 5 to 40 ppm. 
This showed a maximum pulmonary effect with NO 
5 ppm, but with no systemic effects. The effect of 
NO 10 ppm was then compared with two i.v. drugs. 
Nitroglycerin was less effective than NO on pul- 
monary vessels but induced significant arterial 
hypotension. Pulmonary vasodilatation induced by 
ciloprost was greater than that by NO but with the 
same side effects as nitroglycerin on systemic 
variables. We also found that the combination of 
NO and nitroglycerin had the same pulmonary 
effects as NO 10 ppm but that adding ciloprost to 
NO decreased pulmonary pressures significantly 
more than either drug used alone. We conclude that 
inhaled NO may be usefully combined with i.v. 
ciloprost but not with i.v. nitroglycerin. (Br. J. 
Anaesth. 1996; 77: 227-231) 


Key words 


Complications, pulmonary hypertension. Pharmacology, nitric 
oxide. Pharmacology, nitroglycerin. Hormones, prostaglandins. 
Pig. 


Pulmonary vasoconstriction after cardiopulmonary 
bypass should be treated rapidly as it causes right 
ventricular failure [1]. Under normal physiological 
conditions, the endothelium maintains low pulmon- 
ary vascular resistances by producing two potent 
vasodilators, endothelium-derived relaxing factor 
(EDRF) and prostacyclin [2]. The effect of these two 
substances is similar: they relax vascular smooth 
muscle, although via different pathways. Prosta- 
cyclin stimulates adenylate cyclase thus increasing 
cAMP concentrations [3]. This second messenger 
activates cAMP-dependent protein kinase to modify 
phosphorylation of myosin and relax smooth muscle. 
In contrast, EDRF (which is nitric oxide) stimulates 


cytoplasmic guanylate cyclase increasing cyclic 
guanosine monophosphate (cGMP) concentration, 
which is another second messenger that relaxes 
vascular smooth muscle, after activation of cGMP- 
dependent protein kinase. The endothelial cell, 
therefore, plays a crucial role in the control of 
pulmonary vascular tone, as reviewed recently by 
Loscalzo [4]. 

The inflammatory response initiated by cardio- 
pulmonary bypass activates the granulocytes and 
their secretion of oxygen radicals damages the 
endothelial cell, thus contributing to the devel- 
opment of pulmonary hypertension [5]. The release 
of thromboxane A, by platelets and the heparin— 
protamine reaction further complicate this situation 
[6]. It has also been shown that the response to a 
thromboxane analogue (U46619) is increased for 2 
days after experimental cardiopulmonary bypass in 
dogs [7]. Nitrates, prostacyclin or, more recently, 
inhaled nitric oxide (NO) [8] have been used 
successfully to treat this acute complication. Re- 
cently, it has been reported that inhaled NO 
associated with prostacyclin could have a synergistic 
effect in the treatment of pulmonary hypertension 
associated with correction of a congenital aortic 
stenosis [9]. 

Therefore, in this study, we determined if com- 
bining inhaled NO with either i.v. nitroglycerin or 
i.v. ciloprost, a synthetic analogue of prostacyclin 
(PGI,), would enhance the pulmonary vasodilator 
effect. i 


Materials and methods 


This study was approved by our Institutional 
Research and Animal Welfare Committee. All 
animals were treated according to the Canadian 
Animal Protective Council Guidelines. 

Female pigs, weighing 20-25 kg, were anaes- 
thetized with ketamine 15 mg kg! i.m. After a bolus 
of fentanyl 5 ug kg, ventilation was controlled 
mechanically via a tracheostomy. 
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Tidal volume was set at 15 mlkg? and the 
frequency adjusted to maintain at 4.6-6.0 kPa. 
Fig, was maintained at 30%. Anaesthesia was 
maintained with infusions of fentanyl and pento- 
barbitone; to decrease its cardiovascular effects, 
pancuronium was combined with tubocurarine to 
provide neuromuscular block. Lactated Ringer’s 
solution was infused at 15 ml h™!, 

Mean systemic arterial pressure (MAP) was 
recorded via the carotid artery. A pulmonary artery 
catheter (5-French gauge) was introduced into the 
pulmonary artery via the internal jugular vein. 
Catheters (12-French gauge) were inserted by 
sternotomy into the main pulmonary artery and into 
the left atrium to record, respectively, mean pul- 
monary artery pressure (MPAP) and left atrial 
pressure (LAP). All pressures were measured with 
Abbot (Abbott, Montreal, PQ, Canada) transducers. 
Cardiac output was recorded as the average of three 
thermodilution measurements obtained after injec- 
tion of saline 5 ml kept at 4°C. 

Inhaled NO was provided by adding a mixture of 
NO and nitrogen to the air entry of a Puritan Bennett 
1200AE respirator. NO concentrations were 
measured by chemiluminescence (TECAN ciloprost 
D 700AL analyser, AMKO Inc., Ontario, Canada), 
sampling in the inspiratory limb of the respiratory 
circuit. 

The animal was allowed to stabilize for 30 min 
after surgery, after which pulmonary hypertension 
was induced by continuous infusion of a throm- 
boxane analogue (U 46619: Upjohn, Kalmazoo, MI, 
USA) at 20 pg ml diluted in 0.9% saline into a 
separate vein in the ear. The infusion rate was 
adjusted to maintain a stable MPAP of 40 mm Hg 
for 20 min. 


DETERMINATION OF THE DOSE-RESPONSE CURVE TO 
NITRIC OXIDE 


To determine the optimum inhaled NO concen- 
tration to be used during comparisons with the i.v. 
drugs, we established a dose-response curve for NO 
in our model by increasing the NO concentration 
from 5 to 40 ppm. Each experiment was therefore 
separated into seven periods of 20 min starting when 
a stable condition was observed for at least 10 min 
after any therapeutic modification: (1) basal status; 
(2) pulmonary hypertension as described above; (3) 
inhaled NO concentration set at 5ppm; (4) at 
10 ppm; (5) at 20 ppm; (6) at 40 ppm; and (7) return 
to the second stage discontinuing NO. 

The inhaled NO concentration was increased 
cumulatively. Haemodynamic variables (MAP, 
MPAP, LAP, CO) were recorded every 5 min during 
each period. Seven pigs were included in this 
preliminary study. 


COMPARISON BETWEEN THE EFFECT OF NO 10 PPM 
AND THE MAXIMUM EFFECT OF EITHER 
NITROGLYCERIN OR PROSTACYCLIN INFUSION 


Pulmonary hypertension was initiated in 14 pigs as 
described previously and treated for 20 min with 
10 ppm of inhaled NO, which was then stopped to 
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allow recovery of pulmonary hypertension. The 
animal was then allocated randomly to receive either 
an infusion of nitroglycerin 400 pg ml"! diluted in 
5% glucose (n=7) or an infusion of ciloprost 
(lloprost, Berlex, St Laurent, PQ, Canada) 
10 pg mI“ diluted in 0.9% saline (n = 7). These 
infusions via the jugular vein were started with 
nitroglycerin 1 ug kg™! min“ or ciloprost 0.1 pg kg 
min`! and increased progressively until we 
observed either a return of MPAP to basal values 
or a 20% reduction in basal MAP. When this 
occurred, the infusion was kept constant for 20 min 
to record haemodynamic variables and arterial 
blood-gas tensions. After this period, NO 10 ppm 
was reintroduced for 20 min to assess any beneficial 
effect of the combination of the two drugs. All 
treatments were then discontinued to restore pul- 
monary hypertension. 

Pulmonary (PVR) and systemic (SVR) vascular 
resistances were calculated, respectively, according 
to the formulae: 


(MPAP —LAP)/CO x 79.9 and 
(MAP — CVP)/CO x 79.9 


All data are presented as mean (SEM). Statistical 
analysis comprised analysis of variance for repeated 
measures. Bonferroni’s method was used for post hac 
multiple comparison when analysis of variance was 
significant. P < 0.05 was considered significant. 


Results 


Data recorded during determination of the dose- 
response to inhaled NO are summarized in table 1. 
MPAP and PVR were increased significantly by 
U46619 compared with baseline values. However, 
there were no changes in MAP and SVR after 
infusion of the thromboxane analogue. 

The dose-response curve to inhaled NO 5—40 ppm 
showed a maximum effect on pulmonary artery 
pressure at the 5 ppm concentration; increasing NO 
concentration did not alter significantly either 
MPAP or PVR compared with the initial con- 
centration. From this dose-response curve and as the 
effect of inhaled NO reached a plateau starting at 
5 ppm, a concentration of 10 ppm of inhaled NO was 
chosen as supramaximal stimulation to evaluate its 
effect when combined with the i.v. drugs. 

In the second part of the study, when a constant 
dose of NO 10 ppm was inhaled, pulmonary artery 
pressure decreased by 29 (2) % in the group receiving 
nitroglycerin and by 27 (3)% in the group receiving 
ciloprost, while PVR decreased by 44 (4)% in the 
nitroglycerin group and by 49 (5) % in the ciloprost 
group. 

Data recorded in the nitroglycerin group are 
summarized in table 2 and those in the ciloprost 
group in table 3, while table 4 shows the effect of 
different treatments for pulmonary hypertension on 
MPAP and PVR. The decrease induced by treatment 
is expressed as a percentage of the value recorded 
during pulmonary hypertension. 

The mean maximal dose of nitroglycerin infused 
was 2.5 (0.15) ug kg min™, while for ciloprost it 
was 0.32 (0.02 pg kg"! min“. Nitroglycerin infusion 
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Table 1 Data recorded during treatment of pulmonary hypertension with inhaled NO at increasing concentrations from 5 to 40 ppm 
(mean (SEM)). Basal = values recorded 30 min after surgery before any intervention; U 46619 values recorded after induction of 
pulmonary hypertension with U 46619. NO 5 ppm = values recorded when inhaled NO was set at 5 ppm; NO 10 ppm = values 
recorded when inhaled NO was set at 10 ppm; NO 20 ppm = values recorded when inhaled NO was set at 20 ppm NO; NO 40 ppm 
= values recorded when inhaled NO was set at 40 ppm. MAP = mean systemic arterial pressure; MPAP = mean pulmonary arterial 
pressure; CVP = mean central venous pressure; LAP = mean left atrial pressure. *P < 0.05 compared with basal values; +P < 0.05 








compared with U 46619 
Basal U 46619 NO 5 ppm NO 10 ppm NO 20 ppm NO 40 ppm 
(n =7) (n=7) (n=7) (n=7) (n= 7) (n= 7) 
MAP (mm Hg) 109 (7.7) 119 (9.1) 119 (9.3) 120 (8.9) 120 (7.2) 120 (5.6) 
CO (litre min~?) 3.3 (0.4) 3.4 (0.4) 3.6 (0.4) 3.6 (0.4) 3.7 (0.4) 3.9 (0.5) 
CVP (mm Hg) 8.0 (0.9) 11.0 (1.6) 11.2 (1.7) 10.7 (1.5) 11.0 (1.4) 10.9 (1.5) 
LAP (mm Hg) 9.4 (1.0) 10.8 (1.6) 11.2 (1.7) 10.7 (1.5) 11.0 (1.4) 10.9 (1.5) 
MPAP (mm Hg) 20.8 (1.4) 39.4 (0.5)* 31.4 (1.0)*+ 29.5 (1.2)*+ 29.0 (1.4)*t 28.0 (1.0)*} 
PVR (dyn s cm”) 267 (41) 694 (56)* 459 (43)*+ 436 (45)*t 422 (50)*f 361 (36)*} 
SVR (dyn s cm™) 2502 (237) 2619 (222) 2522 (266) 2556 (266) 2587 (316) 2464 (308) 


Table 2 Data recorded during treatment of pulmonary hypertension with inhaled NO 10 ppm, nitroglycerin or 
their combination (mean (SEM)). Basal = values recorded 30 min after surgery before any intervention; U 46619 = 
values recorded after induction of pulmonary hypertension with U 46619. NO 10 ppm = values recorded when 
inhaled NO was set at 10 ppm; NTG = values recorded during nitroglycerin infusion; NO~NTG = values 
recorded during infusion of nitroglycerin and inhaled NO 10 ppm; MAP = mean systemic arterial pressure; 
MPAP = mean pulmonary arterial pressure; CVP = mean central venous pressure; LAP = mean left atrial 
pressure. *P < 0.05 compared with U 46619; +P < 0.05 compared with NO 10 ppm 


Basal U 46619 
(n= 7) (n= 7) 
MAP (mm Hg) 121 (7) 127 (9) 
CO (litre min) 3.19 (0.3) 3.2 (0.8) 
CVP (mm Hg) 6.2 (0.6) 7.7 (0.8) 
LAP (mm Hg) 9.6 (1.5) 10.7 (2.0) 
MPAP (mm Hg) 22.1 (0.5) 39.9 (0.5) 
PVR (dyn s cm™) 344 (26) 793 (70) 
SVR (dyn s cm~) 2911 (152) 3211 (402) 
Pag, (kPa) 13.9 (1.4) 12 (1.3) 


NO 10 ppm NTG NO-NTG 
(n=7) (n=7) (n= 7) 

127 (8) 95 (8)*+ 98 (6)*+ 
3.1 (LI) 3.2 (1.0) 3.3 (0.5) 
6.8 (0.6) 6.1 (0.7) 6.3 (0.5) 

10.8 (1.6) 9.6 (1.7) 9.7 (1.7) 
28.1 (0.7)* 31.4 (0.5)*+ 27.1 (1.0)* 
453 (47)* 617 (84)*+ 449 (47)* 
3183 (176) 2565 (283)*+ 2466 (324)*+ 
15.3 (1.5)* 12.4 (1.6) 13.8 (1.6) 


Table 3 Data recorded during treatment of pulmonary hypertension with inhaled NO 10 ppm, prostacyclin or 
their combination (mean (SEM)). Basal = values recorded 30 min after surgery before any intervention; U 46619 = 
values recorded after induction of the pulmonary hypertension with U 46619. NO 10 ppm = values recorded 
when inhaled NO was set at 10 ppm; CL = values recorded during prostacyclin (ciloprost) infusion; NO-CL = 
values recorded during infusion of prostacyclin and NO 10 ppm; MAP = mean systemic arterial pressure; MPAP 
= mean pulmonary arterial pressure; CVP = mean central venous pressure; LAP = mean left atrial pressure. 

*P < 0.05 compared with U 46619; tP < 0.05 compared with NO 10 ppm; P < 0.05 NO-CL vs CL 


Basal U 46619 
(n= 7) (n = 7) 

MAP (mm Hg) 109 (5) 110 (6) 
CO (litre min=}) 2.53 (0.6) 2.2 (0.2) 
CVP (mm Hg) 7.2 (0.6) 8.6 (0.8) 
LAP (mm Hg) 14.2 (1.9) 16.5 (2.0) 
MPAP (mm Hg) 24.5 (1.4) 43.2 (1.5) 
PVR (dyn s cm5) 414 (63) 1102 (166) 
SVR (dyn 3 cm5) 3325 (315) 3910 (185) 
Pag, (kPa) 15.3 (1.4) 12.3 (1.4) 


NO 10 ppm CL NO-CL 
(n=71) (n= 7) (n= 7) 

107 (6) 99 (5)*+ 98 (6)*+ 
2.3 (0.2) 2.8 (0.3) 2.8 (0.5) 
7.6 (0.8) 7.4 (0.6) 6.8 (0.8) 

16.1 (2.0) 15.4 (1.9) 15.7 (2.0) 
30.8 (1.2)* 25.0 (1.2)*+ 22.7 (1.5)*t 
534 (94)* 327 (72)*+ 211 (60)*$ 
3729 (176) 2793 (283)*¢ 2743 (324)*+ 
15.3 (1.3)* 13.7 (1.5) 13.8 (1.5) 





Table 4 Variations in pulmonary pressures (MPAP) and resistances (PVR). The decrease induced by treatment is 
expressed as a percentage of the value recorded during the pulmonary hypertension stage. NO 10 ppm = effect of RPs 
10 ppm inhaled NO; drug = effect of the i.v. drug, either nitroglycerine (NTG) or ciloprost (CL); NO-drug = S a 
effect of the combination of the i.v. drugs with 10 ppm inhaled NO. *P < 0.05 compared with NO 10 ppm; 


TP < 0.05 compared with drug 











MPAP PVR 

NO 10 ppm Drug NO-Drug NO 10 ppm Drug NO-Drug 
Group NTG —44 (4) —22 (6)* —43 (2) —29 (2) —29 (2) —31 (2) 
Group CL —49 (5) —70 (4)* —81 (4)*+ —27 (3) —39 (2)* —47 (A*t 





alone decreased MPAP and PVR, respectively, by 29 
(2)% and 22 (6)% (table 2). For ciloprost infusion 
alone, MPAP was decreased by 39 (3) % and PVR by 


70 (4) %. Hence, the variations induced by infusion 
of ciloprost were significantly greater for both MPAP 
and PVR than those produced by nitroglycerin. 
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Comparing the variations induced by inhaled NO 
alone with those induced by the combination of 
inhaled NO and nitroglycerin, there were no signifi- 
cant differences for either MPAP or PVR. The 
effects observed with the combination of inhaled NO 
and ciloprost were, however, significantly greater for 
MPAP and PVR than those recorded when only 
inhaled NO was provided. This combination was 
also significantly more effective on these variables 
than when ciloprost alone was infused. 

We found that MAP and SVR were not altered 
significantly by inhaled NO. Infusion of nitro- 
glycerin, however, decreased MAP by 25 (4)% and 
SVR by 22 (4)% while they decreased by 10 (4)% 
and 30 (7) %, respectively, with infusion of ciloprost. 
The combination of inhaled NO with either of the 
two i.v. agents did not alter significantly MAP or 
SVR. 

Return to baseline MPAP was seen in one of seven 
pigs treated with nitroglycerin and in five of seven 
pigs when ciloprost was infused. This suggests that 
the decrease in SAP was the limiting factor for the 
increase in infusion in six pigs in the nitroglycerin 
group and in two pigs in the ciloprost group, these 
values being significantly different (Fisher’s exact 
test: P = 0.029). 

In both groups only inhaled NO improved Pao, 
significantly compared with values obtained during 
pulmonary hypertension (tables 2, 3). 


Discussion 


In the first part of this study, we confirmed the 
effectiveness and selectivity of inhaled NO as a 
pulmonary vasodilator. A concentration of 5 ppm 
significantly decreased pulmonary pressure with no 
effect on systemic variables, as described previously 
by Frostell and colleagues [10]. We also observed 
that in our model of pulmonary hypertension 
induced by a thromboxane analogue, increasing the 
inhaled NO concentration from 5 to 40 ppm did not 
significantly increase pulmonary vasodilatation. 

Our second set of experiments showed that 
ciloprost appeared to be more effective than inhaled 
NO or nitroglycerin in reducing pulmonary hy- 
pertension while inhaled NO in combination with 
i.v. nitroglycerin did not enhance its efficacy. In 
contrast, the combination of inhaled NO and i.v. 
ciloprost revealed some additive effect of these two 
drugs. 

Nitroglycerin is an i.v. drug used commonly to 
treat pulmonary hypertension. The use of i.v. 
nitrovasodilatators is, however, often limited by 
systemic effects. Inhaled NO has the unique ad- 
vantage of pulmonary selectivity as it is rapidly 
inactivated because it is bound tightly to haemo- 
globin [11]. Moreover, being distributed only to the 
ventilated regions of the lung, inhaled NO reduces 
intrapulmonary shunting, as shown by the increase 
in Pao, The i.v. vasodilators increase venous 
admixture which normally results in a decrease in 
Pag, [12], but our study did not show this side effect, 
probably because most of our pigs were free from 
chest disease and intrapulmonary shunt was minimal 
[13]. 
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Nitroglycerin acts only after intracellular release 
of NO [14], which implies that these two drugs share 
the same mechanism of action via activation of the 
cGMP pathway. Our study suggests that relaxation 
of the vascular smooth muscle cell by cGMP reaches 
a plateau, which was achieved in our model with 
5 ppm of inhaled NO. This was confirmed further by 
the fact that adding another i.v. drug which acts via 
the same pathway did not increase pulmonary 
vascular dilatation. 

Prostacyclin is the other i.v. drug used widely to 
treat primary or secondary pulmonary hypertension 
in adults and children [15]. Recently, its aerosolized 
form has been administered successfully for the 
treatment of pulmonary hypertension in an animal 
model [16] and in children suffering from acute 
respiratory syndrome [17]. Two synthetic analogues 
with short half-lives have been developed: epopro- 
sterenol and ciloprost. They produce the same 
pharmacological activities of natural prostacyclin, 
including peripheral vasodilatation, inhibition of 
platelet aggregation and some cytoprotection. These 
compounds bind to membrane prostacyclin 
receptors and stimulate adenylate cyclase. The 
subsequent increase in cAMP concentration relaxes 
smooth muscle. It has also been suggested that 
prostacyclin hyperpolarizes the membrane of the 
smooth muscle cell to produce relaxation. 

In our study, we observed that ciloprost reversed 
induced pulmonary hypertension more frequently 
than nitroglycerin. This does not imply that ciloprost 
is more powerful than nitroglycerin but that ciloprost 
has greater pulmonary selectivity, which was con- 
firmed by the fact that the progressive increase in the 
i.v. infusion was not limited as frequently by 
systemic hypotension in the ciloprost group com- 
pared with the nitroglycerin group; another ex- 
planation may be improved cardiac contractility 
secondary to the increase in the intracellular cAMP 
concentration, while NO and cGMP have negative 
inotropic actions [18]. 

We found a cumulative effect of ciloprost and 
inhaled NO on the decrease in MPAP and PVR. The 
synergistic action between NO and ciloprost has 
been demonstrated previously on isolated coronary 
arteries, in which PGI, relaxation was potentiated by 
the presence of the vascular endothelium [19]. This 
effect has also been shown in the hamster micro- 
circulation where the combination of drugs in- 
creasing cAMP and drugs increasing cGMP were 
more effective than either drug alone [20]. This may 
be explained by the fact that NO activates the GMP 
pathway whereas ciloprost stimulates adenylate 
cyclase and the AMP pathway. The combination of 
NO and ciloprost has been reported to be useful in 
some case reports [9] but a careful assessment of the 
benefit of this association has not yet been reported. 
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Role of prostaglandins and nitric oxide on halothane-induced 
arteriolar dilatation in rat diaphragm 
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Summary 


The effects of anaesthetics on the microcirculation 
of the diaphragm are incompletely understood. 
Therefore, we assessed by in vivo intravital 
microscopy in rats the action of halothane on 
diaphragmatic arteriolar diameter and the role of 
nitric oxide and prostaglandins on halothane- 
induced diaphragmatic arteriolar diameter. We 
studied 54 rats anaesthetized with thiopentone. 
Dose-response curves to topically applied Krebs’ 
solution saturated with halothane at increasing 
concentrations of 0%, 1%, 3% and 5% were carried 
out in the presence of an inhibitor of nitric oxide 
synthesis (Nw-nitro-L-arginine (LNA), 300 umol 
litre?) or inhibitors of prostaglandin synthesis 
(mefenamic acid 20 umol litre"? or indomethacin 
20 mol litre-') or in the absence of any inhibitor. We 
found dose-dependent arteriolar dilatation which 
was abolished by mefenamic acid and indome- 
thacin. In contrast, the effect of halothane was 
not modified by LNA. These data demonstrated 
that halothane-induced arteriolar dilatation in the 
diaphragm of the rat was mediated by prosta- 
glandins but not by nitric oxide. (Br. J. Anaesth. 
1996; 77: 232-237) 
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Halothane is commonly considered as a pure vaso- 
dilator. However, animal and human studies in vivo 
have shown that halothane has different effects in 
vascular beds [1-3]. Miller, Kistner and Epstein [2] 
showed in rats that inhalation of halothane induced 
an increase in blood flow to the brain, kidney and 
liver, and a decrease in blood flow to the heart and 
peripheral and respiratory skeletal muscles. In'a 
previous work we showed that inhalation of halo- 
thane was unable to dilate the arterioles of the 
diaphragm [4]. These differences in vascular re- 
sponses to inhalation of halothane observed in vivo 
may be related to differences in the sensitivity of 
vascular beds to this agent [5]. Alternatively, they 
may reflect differences in local vascular adaptation to 
the haemodynamic changes induced by halothane. 
Therefore, we assessed the vascular effects of 
halothane on diaphragmatic microcirculation. 


In this study we assessed the direct effects of 
halothane on diaphragmatic arteriolar diameters, by 
topical administration on the surface of the dia- 
phragm in order to avoid its systemic haemodynamic 
action and evaluated the mechanism(s) of action of 
halothane on diaphragmatic arterioles. We were 
interested in the role of the vascular endothelium 
because it has been shown recently that halothane 
modulates endothelium-dependent relaxation [6]. 
Therefore, we assessed the role of endothelial agents, 
such as nitric oxide and prostaglandins, on halo- 
thane-induced diaphragmatic arteriolar diameter by 
inhibition of nitric oxide synthesis with Nw—nitro- 
L-arginine (LNA) [7, 8] and prostaglandin synthesis 
with mefenamic acid or indomethacin [9]. Special 
emphasis was placed on evaluation of the effects of 
prostaglandins, as these agents contribute, together 
with nitric oxide, to modulation of diaphragmatic 
arteriolar tone [10], a phenomenon which could not 
be detected in other skeletal muscle microvessels [11, 
12]. 


Materials and methods 


Male Sprague-Dawley rats weighing 163 (5) g were 
anaesthetized with sodium pentobarbitone 50 mg/kg 
body weight i.p. A patent airway was maintained 
with a tracheostomy tube and the lungs were 
ventilated throughout the study with a rodent 
ventilator (Ugo Basile Apparatus Inc., Italy) at an 
Fio, of 0.5. The left carotid artery was cannulated for 
continuous arterial pressure monitoring with a 
Statham P23 DB transducer. All animals whose 
mean arterial pressure decreased to less than 
90 mm Hg were excluded from the study. The right 
jugular vein was cannulated for administration of 
5 ml kg"! normal saline during surgery. Body tem- 
perature was monitored continuously with a rectal 
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probe and maintained constant at 36.5—37.5 °C by a 
heat lamp and a heating pad (Harvard Apparatus, 
MA, USA). 

The experimental design was in agreement with 
the recommendations of French Law (Ministére des 
Affairs Sociales et de la Solidarité Nationale) and all 
experiments were approved by the local Animal 
Committee. 


PREPARATION OF THE DIAPHRAGM 


The diaphragm preparation has been described in 
detail previously [10, 13]. Briefly, a bilateral tho- 
racotomy was performed in the fifth intercostal 
space, the sternum remaining intact. The diaphragm 
was separated carefully from the lungs and the 
mediastinal tissues. A midline laparotomy was 
followed by a transverse incision at each side which 
allowed exposure of the diaphragm in a perpen- 
dicular position relative to the body of the animal. 
The animal was placed in a Trendelenburg position 
on a rodent operating table (Harvard Apparatus, 
MA, USA). 

When the diaphragm was exposed, its abdominal 
face was irrigated continuously with a modified 
Krebs-Henseleit solution containing (mmol litre™!): 
NaCl 118, KCI 5.9, CaCl,2H,0 2.5, MgSO,-7H,0 
0.5, NaHCO, 28 and glucose 10. This solution was 
maintained at 37.5 °C and pH, Po, and Pco, were, 
respectively, fixed at 7.41 (0.06), 3.1 (0.2) kPa and 
5.5 (0.1)kPa by bubbling with a 5% carbon 
dioxide-95% nitrogen gas mixture. Pancuronium 
4 umol litre! was added to Krebs’ solution to 
prevent muscle fasciculation. 

The muscle was transilluminated using a 150-W 
tungsten—halogen lamp connected to a fibreoptic 
cold light microprobe introduced gently through the 
left thoracotomy aperture. The diaphragmatic micro- 
circulation was observed with a modified Leitz 
microscope placed in a position parallel to the 
area of the abdominal side of the muscle. The 
image, magnified by a 20 x long-distance objective, 
was projected into a CCD video camera (Sony 
DXC-101P) connected to a videotape recorder 
(Sony VO-9600 P) and a video monitor (Sony 
PVM-1371 QM). Total magnification from the 
vessel image to the monitor was x 600. Arteriolar 
diameters were measured by playback analysis of the 
video record using the technique of Intaglietta and 
Tompkins [14] and, after completion of the ex- 
perimental procedures, the microvascular images 
were read by one of the investigators who was 
blinded to the sequence of experimental steps. 

We studied changes in the diameter of the 
arteriolar branches arising from the internal mam- 
mary and intercostal arteries. Second and third 
arteriolar orders (A2 and A3, respectively) were 
analysed according to the number of bifurcations 
proximal to the studied arterioles, as described 
previously [15]. Only clearly distinguishable vessels 
were selected and the number of measured arterioles 
varied between one and three of each order per 
preparation. Before any measurement, a 20-30-min 
period after surgery was allowed to reach a steady 
state of arteriolar tone. 
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EXPERIMENTAL DESIGN 


Two studies were performed. 


Study 1 


In seven animals arteriolar diameter was measured at 
baseline and then Krebs’ solution saturated with 
increasing concentrations (0%,1%,3% and5%) of 
halothane was applied topically in order to perform 
a cumulative dose-response curve. The different 
concentrations were administered in a stepwise 
manner for 2 min each. The diameter of the selected 
arteriole was measured at the end of each adminis- 
tration. This was followed by a 15-min wash-out 
period during which the muscle was irrigated with 
drug-free Krebs’ solution. At the end of this period, 
the diameter of the same arterioles studied previously 
was measured and a second cumulative dose— 
response curve to halothane was performed in order 
to evaluate the reversibility of the effects of halo- 
thane. 


Study 2 


Twenty-eight animals were allocated to one of four 
groups according to topical administration on the 
diaphragm of Krebs’ solution containing LNA 
300 pmol litre! (n = 7 animals, group LNA), mefen- 
amic acid 20 pmol litre! (n = 7 animals, group MA), 
indomethacin 20 umol litre! (n = 7) or no inhibitor 
(n = 7 animals, group C). Diameter was measured at 
baseline and after a 20-min superfusion period. 
Then, Krebs’ solution saturated with increasing 
concentrations (0%, 1%, 3% and 5%) of halothane 
was applied topically in order to perform a cumu- 
lative dose-response curve, as described above. The 
inhibitors corresponding to each pretreatment group 
were also present in the halothane-saturated Krebs’ 
solutions. The diameter of the selected arteriole was 
measured at the end of each application. 


DOSE OF HALOTHANE 


Samples of Krebs’ solution equilibrated with halo- 
thane were removed at the end of an application 
period for subsequent measurement of anaesthetic 
concentration in Krebs’ solution by gas chroma- 


tography [16]. 


REAGENTS 


Halothane was obtained from Laboratoires Belamont 
(Paris, France) and was introduced into 40 ml of 
Krebs’ solution at 37°C by bubbling with 5% 
carbon dioxide—95 % nitrogen passed through a pre- 
calibrated vaporizer (flow 0.5 litre min“) for 15 min. 
Vaporizers delivered halothane at 0%,1%,3% and 
5%. Mefenamic acid and LNA were obtained from 
Sigma Chemical Co. (St Louis, MO, USA). 
Mefenamic acid was dissolved in sodium carbonate 
1 mg m1" and diluted to the final concentration with 
Krebs’ solution. LNA was dissolved directly in 
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Krebs’ solution by stirring at room temperature. 
Indomethacin was obtained from Merck, Sharp and 
Dohme Chibret Products, France. Drug solutions 
were prepared freshly daily. 


STATISTICAL ANALYSIS 


All results are expressed as mean (sD). Comparison 
between arteriolar diameters at baseline in the 
different groups of animals was performed by one- 
way analysis of variance. Evaluation of the effects of 
each inhibitor on baseline arteriolar diameter was 
performed by a paired ¢ test. Comparison between 
arteriolar dose-response curves (diameter vs dose of 
halothane) between the different groups of animals 
was performed using two-way analysis of variance 
for repeated measures, one “within” factor, that is 
factor “dose” and a grouping factor ‘“‘absence or 
presence of inhibitor” [17]. P < 0.05 was considered 


significant. 


Results 


The experimental interventions did not affect sys- 
temic arterial pressure, which was stable over the 
course of the experiments and within the range 
95-120 mm Hg. 
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a 


o 


1 3 5 
Hal. concn (%) 





A3 diameter {um} 
a a 
tel 


Hal. concn (%) 


Figure 1 Increase in A2 (top) and A3 (bottom) diameter in 
response to 0-5 % halothane (Hal.) (mean, sD). First curve (@) 
= cumulative dose-response curve to administration of 
halothane (0, 1, 3 and 5%) performed after a baseline 
measurement of arteriolar diameter. Second curve (O) = 
cumulative dose-response curve to administration of halothane 
performed after a 15-min wash-out period during which the 
muscle was irrigated with drug-free Krebs’ solution. Halothane 
induced significant dose-dependent A2 and A3 dilatation 

(P < 0.0001) which was not different between the two 
dose-response curves. 
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EFFECTS OF HALOTHANE ON DIAPHRAGMATIC 
ARTERIOLAR DIAMETER 


Halothane administered in concentrations of 0-5 % 
produced dose-dependent dilatation of diaphrag- 
matic A2 and A3 arterioles (factor “dose” P < 
0.0001 in both arteriolar orders). It must be noted, 
however, that in both arteriolar orders, dilatation 
was not observed until 3% halothane was given (fig. 
1). 

The effect of halothane was completely reversible. 
When diaphragmatic muscle surface was washed 
after administration of halothane, A2 and A3 diam- 
eters were not different from baseline values (44.21 
(6.50) um and 25.71 (4.21) ym vs 46.12 (5.21) pm 
and 27.12 (3.85) um, for A2 and A3, respectively). 
Furthermore, the dilatator capacity of the arterioles 
remained intact after halothane, as demonstrated by 
the similarity between the two dose-response curves 
to this agent performed with a 15-min washing 
period interval (fig. 1). Doses of halothane in Krebs’ 
solution at the different concentrations used in this 
study are presented in table 1. 


EFFECTS OF HALOTHANE IN THE PRESENCE OF LNA, 
MEFENAMIC ACID AND INDOMETHACIN 


Baseline arteriolar diameters did not differ between 
the different groups of animals (table 2). LNA 
300 pmol litre"! mefenamic acid 20 umol litre! and 
indomethacin 20 pmol litre produced significant 
reduction in basal diaphragmatic arteriolar diameters 
(table 2). After LNA superfusion, A2 and A3 
diameters were 85 (11)% (P < 0.001) and 84 (11)% 
(P < 0.001) of baseline values, respectively. After 
mefenamic acid superfusion, A2 and A3 diameters 
were 93 (3) % (P < 0.001) and 93 (6) % (n = 32; P < 
0.001) of baseline values, respectively. After indo- 
methacin superfusion, A2 and A3 diameters were 97 
(5) % (P < 0.05) and 91 (4) % (P < 0.001) of baseline 
values, respectively. The reduction in diameter was 
related specifically to the inhibitors as superfusion of 
the diaphragm during a similar period with drug- 
free Krebs’ solution did not result in any significant 
modification in arteriolar diameters (table 2). 
Halothane-induced arteriolar dilatation was not 
modified by LNA (the interaction between ‘‘dose” 
and ‘“‘absence or presence of inhibitor’? was not 
significant for A2 and A3, when group C was 
compared with group LNA) (fig. 2). In contrast, 
halothane-induced increase in A2 and A3 diameters 
was almost totally inhibited by mefenamic acid 


Table 1 Halothane doses (mg litre!) in Krebs’ solution 
assessed by chromatography (mean (sD)). Number of samples 
for each concentration of halothane is seven. Halothane was not 
detected at a 0% delivered concentration. The increase in the 
delivered concentration of halothane resulted in a significant 
increase in halothane concentration in Krebs’ solution 


Delivered concn Dose (mg litre~) 
1% 37.31 (1) 

3% 67.1 (8) 

5% 110.1 (1.2) 
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Table 2 Arteriolar diameters in the different groups of animals (mean (sD) and [number of arterioles studied]). 
LNA = No-nitro-L-arginine; MA = mefenamic acid; INDO = indomethacin; C = control. No significant 
differences between the values at baseline. A significant reduction in diameter was observed after administration of 


LNA, MA and INDO (*P < 0.05) 








A3 (um) 

After 
Baseline inhibitors 
25.73 (4.98) 21.71 (4.87)* 
[12] 
29.32 (5.76) 26.51 (5.63)* 
[12] 
24.91 (4.21) 22.81 (3.82)* 
[9] 
25.71 (6.08) 25.20 (6.10) 


A2 (um) 
After 
Group Baseline inhibitors 
LNA 44.82 (5.91) 38.36 (4.45)* 
[9] 
MA 49.13 (5.26) 45.98 (5.36)* 
[10] 
INDO 44.08 (5.81) 42.78 (5.71)* 
{9} 
Cc 44.63 (6.96) 44.20 (6.80) 
[9] 
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Figure 2 Increase in A2 (top) and A3 arteriole (bottom) 
diameter in response to 0-5 % halothane (Hal.) in the control 
group (@) (n = 9 and n = 12 arterioles for A2 and A3, 
respectively), group LNA receiving No-nitro-L-arginine 

300 pmol litre“! (O) (n = 9 and n = 12 arterioles for A2 and 
A3, respectively), group MA receiving mefenamic acid 20 pmol 
litre“! (A) (n = 10 and n = 12 arterioles for A2 and A3, 
respectively) and group INDO receiving indomethacin 20 pmol 
litre! (D) (n = 9 and n = 9 arterioles for A2 and A3, 
respectively) (mean, sD). Halothane induced significant dose- 
dependent A2 and A3 dilatation (P < 0.0001) which was not 
altered by administration of LNA but reduced significantly by 
mefanamic acid and indomethacin. 


(interaction between factor “dose”? and factor 
“absence or presence of inhibitor”, P < 0.0001 for 
each arteriolar order, when group C was compared 
with group MA). A similar result was observed with 
indomethacin (interaction between factor “‘dose”’ 
and factor “absence or presence of inhibitor”, P < 
0.0001 for each arteriolar order, when group C was 
compared with group INDO). 


[12] 


Discussion 


The main results of this study are that m vivo, 
topically administered halothane in a concentration 
range of 0-5% produced dose-dependent dilatation 
of rat diaphragmatic arterioles and halothane- 
induced dilatation of diaphragmatic arterioles was 
abolished significantly by mefenamic acid and indo- 
methacin, but not by LNA. 

In this study, assessment of the role of nitric oxide 
and prostaglandins on the arteriolar responses of the 
diaphragm to halothane was performed indirectly 
using selective inhibitors of both pathways: LNA for 
nitric oxide and mefenamic acid and indomethacin 
for prostaglandins. A possible criticism of this design 
is that these agents may exert effects on diaphrag- 
matic arterioles via mechanisms other than nitric 
oxide and prostaglandin synthesis inhibition, re- 
spectively. However, this is very unlikely. First, a 
large body of evidence has demonstrated that LNA 
is a potent and specific inhibitor of nitric oxide 
synthesis im vitro [7,18] and in vivo in different 
vascular regions [19, 20], including diaphragmatic 
vessels [10, 21]. Furthermore, we demonstrated in a 
previous study that topically administered LNA, at 
the concentration used in this study, effectively 
blocked nitric oxide-mediated dilatation of dia- 
phragmatic arterioles [10]. Second, we found an 
inhibitory effect of two structurally different inhi- 
bitors of prostaglandin synthesis: mefenamic acid 
and indomethacin [22]. Thus we are confident that 
the effects of these agents were related specifically to 
inhibition of the cyclo-oxygenase pathway. 

The concentration of halothane in Krebs’ solution 
perfusing the diaphragm is the determinant of its 
effect on diaphragmatic arterioles. Therefore, we 
ensured that the increasing concentrations of halo- 
thane resulted in increasing concentrations of this 
agent in Krebs’ solution. 

In this study halothane was administered topically, 
thus avoiding any significant effect of modification of 
arterial pressure. Consequently, the dilatation 
induced by this agent can be regarded as a direct 
relaxant effect on diaphragmatic arterioles. However, 
it must be noted that dilatation was observed only 
when halothane concentrations were greater than 


236 


1%. This is in line with previous in vivo data 
showing that inhalation of halothane at 0.5-1% 
failed to produce diaphragmatic A2 and A3 dilatation 
[4]. Furthermore, this confirms previous results of 
several in vitro studies showing that only halothane 
concentrations greater than 2% dilated KCl- or 
phenylephrine-precontracted rat aorta and canine 
carotid and coronary rings immersed in Krebs’ 
solution [5, 23, 24]. Interestingly, Muldoon and co- 
workers [5] showed, in a canine femoral ring model, 
that 2% halothane bubbled in Krebs’ solution 
induced significant contraction of these vessels. 
Although species differences could explain these 
controversial results, heterogeneity between the 
different vessels may also be involved. Absence of 
vasoconstriction of diaphragmatic arterioles during 
systemic [4] and topical administration of halothane 
may be related to the fact that properties of the 
diaphragmatic vessel may differ significantly from 
those of peripheral skeletal muscles [10]. 

Several mechanisms may explain diaphragmatic 
arteriolar dilatation induced by halothane. For 
example, it has been reported that halothane has a 
direct effect on smooth muscle calcium homeostasis 
and also causes endothelium-dependent relaxation 
[5]. In this study, we investigated this mechanism by 
assessing the role of two main vasodilator factors 
synthesized by the endothelium: nitric oxide and 
prostaglandins. 

The absence of effect of LNA on halothane- 
induced A2 and A3 dilatation suggests that nitric 
oxide was not involved in the diaphragmatic arteri- 
olar effects of halothane. In contrast, mefenamic 
acid and indomethacin induced complete inhibition 
of halothane-induced diaphragmatic arteriolar di- 
latation. As both agents increased arteriolar tone, 
suppression of halothane-induced dilatation may be 
related to this increase in smooth muscle vascular 
tone, which in turn may attenuate the relaxant effect 
of halothane. However, this possibility can be 
excluded as LNA, which induced a greater increase 
in arteriolar tone than mefenamic acid and indo- 
methacin, did not modify the dilatation caused by 
halothane. In addition, complete inhibition of 
halothane-induced diaphragmatic A2 and A3 arteri- 
olar dilatation by mefenamic acid and indomethacin 
demonstrated that the diaphragmatic arteriolar effect 
of halothane was mediated exclusively by prosta- 
glandins. This result is in agreement with that 
reported by Stone and Johns [23] who showed that 
indomethacin attenuated the decrease in aortic ring 
tension observed with increasing doses of halothane. 
However, other effects of halothane, such as de- 
velopment of pulmonary vasoconstriction in dogs, 
are not mediated by prostaglandins [25]. It is 
interesting to note that prostaglandins contribute, 
together with nitric oxide, to modulation of dia- 
phragmatic arteriolar tone [10], a phenomenon which 
has not been shown in other skeletal muscle 
microvessels [11, 12]. Thus it is possible to speculate 
that modulation of the prostaglandins pathway could 
be an important mechanism of action of phar- 
macological agents, such as halothane, in affecting 
the diaphragmatic microcirculation. 
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Ketamine inhibits nitric oxide production in mouse-activated 


macrophage-like cells 


M. SHIMAOKA, T. IIDA, A. OHARA, N. TAENAKA, T. MASHIMO, T. HONDA AND I. YOSHIYA 


Summary 


We have investigated the effects of ketamine on 
nitric oxide produced by activated macrophages 
using a murine macrophage-like cell line, J774. 
Cells were incubated for 18h under stimulation 
with lipopolysaccharide and interferon-y or lipo- 
teichoic acid and interferon-y, with various concen- 
trations of ketamine (6-600 umol litre). Nitric 
oxide production was assessed by measuring nitrite, 
a stable by-product of nitric oxide breakdown, in 
the medium. Other V-methy!l-D-aspartate receptor 
antagonists, MK-801 (150 pmol litre“) and dextro- 
methorphan (150 umol litre) were also tested. In 
addition, we studied the effects of ketamine on 
production of tumour necrosis factor-a by activated 
macrophages. Ketamine inhibited nitrite production 
dose-dependently with both lipopolysaccharide- 
and lipoteichoic acid-activated macrophages by up 
to approximately 65% at the highest ketamine 
concentration (600 umol litre). Neither MK-801 
nor dextromethorphan had an inhibitory effect. 
Ketamine also suppressed production of tumour 
necrosis factor-a. The data show that ketamine 
inhibited nitric oxide production by activated macro- 
phages probably, in part, via inhibition of pro- 
duction of tumour necrosis factor-a, an autocrine 
stimulatory factor for nitric oxide production, but 
not via the NMDA receptor pathway, which is 
involved in neuronal nitric oxide production. (Br. J. 
Anaesth. 1996; 77: 238-242) 
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Nitric oxide is a short-lived radical produced by 
enzymatic oxidation of L-arginine. At least two 
distinct forms of nitric oxide synthase have been 
reported; constitutive and inducible [1, 2]. Consti- 
tutive nitric oxide synthase is distributed in the 
vascular endothelium and in the brain [1, 2]. Nitric 
oxide produced by constitutive nitric oxide synthase 
in the endothelium acts as a vasodilator and nitric 
oxide produced by constitutive nitric oxide synthase 
in the brain acts as a neurotransmitter. Inducible 
nitric oxide synthase is found in activated macro- 
phages and in various types of cells. Activated 
macrophages produce large amounts of nitric oxide, 
which is considered an essential mediator in host 
defence because of its cytotoxic effects on tumour 
cells and micro-organisms [1, 2]. The cytotoxic effect 


of nitric oxide derived from activated macrophages is 
so strong that not only target cells but also normal 
surrounding cells may be damaged. Recent investi- 
gations have shown that nitric oxide from activated 
macrophages is involved in the pathogenesis of 
various types of diseases, such as septic shock [3], 
diabetes mellitus [4], reperfusion injury [5] and 
ischaemic neuronal damage [6]. In ischaemic 
neuronal damage, glutamate is thought to play a 
pivotal role via the subsequent activation of N- 
methyl-D-aspartate (NMDA) receptors [7]. 
Recently, not only glutamate but also nitric oxide 
produced by the brain macrophage, microglia, 
has been reported to be involved in the patho- 
genesis of neuronal damage [8]. Ketamine, a dis- 
sociative general anaesthetic, blocks excitation 
involving NMDA receptors and acts as a non- 
competitive NMDA receptor antagonist. Ketamine 
and other NMDA receptor antagonists have been 
shown to reduce ischaemia- or NMDA-induced 
neuronal damage [9, 10]. Evidence has subsequently 
appeared suggesting that MK-801, a NMDA re- 
ceptor antagonist, and ketamine, inhibit nitric oxide 
produced by constitutive nitric oxide synthase in 
cultured cerebral neurones [11]. 

In this study we have investigated the effect of 
ketamine on nitric oxide production from inducible 
nitric oxide synthase in activated macrophages and 
speculate on the possibility of ketamine offering 
protection against nitric oxide-mediated tissue in- 
jury, such as neurotoxicity in hypoxic cerebral 
damage and microvascular injury in septic shock. 


Materials and methods 
CHEMICALS 


Chemicals used in this study were obtained from the 
following sources : ketamine hydrochloride, lipopoly- 
saccharide, lipoteichoic acid, mouse interferon-y, 


M. SHIMAOKA*, MD, Intensive Care Unit, Osaka University 
Hospital, Department of Anaesthesiology, Osaka University 
Medical School and Research Institute for Microbial Diseases, 
Osaka University, Yamadaoka, Suita, Osaka 565, Japan. 
N. TAENAKA, MD, I. YOSHTYA, MD, Intensive Care Unit, Osaka 
University Hospital and Department of Anaesthesiology, Osaka 
University Medical School, Yamadaoka, Suita, Osaka 565, Japan. 
A. OHARA, PHD, T. MASHIMO, MD, Department of Anaesthes~ 
iology, Osaka University Medical School, Yamadaoka, Suita, 
Osaka 565, Japan. T. Ima, MD, T. HONDA, MD, Research Institute 
for Microbial Diseases. Osaka University, Yamadaoka, Suita, 
Osaka 565, Japan. Accepted for publication: February 20, 1996. 

*Address for correspondence: Intensive Care Unit, Osaka 
University Hospital, 2-15 Yamadaoka, Suita, Osaka 565, Japan. 


Ketamine inhibits NO production in mouse macrophage-like cell 239 


dextromethorphan, dexamethasone and fetal calf 
serum (FCS) from Sigma (St Louis, MO, USA); 
MK-801 from Research Biochemicals International 
(Natick, MA, USA); RPMI 1640 medium con- 
taining kanamycin 50 ug ml" from the Research 
Foundation for Microbial Diseases of Osaka Uni- 
versity (Osaka, Japan); sulphanilamide, naphthyl- 
ethylene diamine dihydrochloride, H,PO,, NaNO, 
from Wako Pure Chemical Industries, Ltd (Osaka, 
Japan). 


CELL CULTURE 


The mouse macrophage-like cell line, J774, derived 
from the tumour of a female BALB/c mouse, has 
been shown to possess characteristics typical of 
macrophages, including phagocytic properties and 
the ability to produce pro-inflammatory cytokines 
and nitric oxide [12]. This cell line was kindly 
provided by the Japanese Cancer Research 
Resources Bank. J774 cells were maintained in 
RPMI 1640 medium supplemented with 10% fetal 
calf serum and kanamycin 50 pg ml“ at 37 °C in an 
atmosphere of 5 % carbon dioxide. Cells were plated 
in 48-well culture plates at a density of 10° ml“! and 
allowed to adhere for 2h; the medium was then 
replaced with fresh medium containing varying 
amounts of reagents. After 18h of incubation, 
supernatants were harvested to determine nitrite, 
tumour necrosis factor-a and lactate dehydrogenase 
release and the cells were subjected to viability assay 
using trypan blue. 


NITRITE MEASUREMENT 


The amount of nitric oxide released during in- 
cubation was determined by measuring nitrite, a 
stable by-product of nitric oxide breakdown. Nitrite 
measurement is widely accepted as a means of 
evaluating nitric oxide production indirectly in vitro 
[13-15] and im vivo [16,17]. Nitrite in culture 
supernatant was assayed by Griess reaction, as 
described previously [18]. Briefly, 100 ul of medium 
was incubated with 100 ul of Griess reagent (1% 
sulphanilamide, 0.1% naphthylethylene diamine 
dihydrochloride and 2% H,PO,) for 10 min at room 
temperature, and then the absorbance at 550 nm was 
measured. Nitrogen dioxide concentration was de- 
termined using NaNO, as a standard. 


TNF ASSAY 


Secretion of tumour necrosis factor-a was deter- 
mined by enzyme-linked immunosorbent assay 
(ELISA) using a mouse tumour necrosis factor-a 
ELISA kit (Endogen, Inc., Cambridge, MA, USA). 


CELL VIABILITY 


To confirm that ketamine in the concentrations used 
in this study had no cytotoxic effect on J774 cells, 
cell viability was determined both by trypan blue 
exclusion assay and by measuring the amount of 
lactate dehydrogenase released into the medium, a 
well-characterized indicator of toxicity, with a 
commercial kit (lactate dehydrogenase cytotoxicity 


test; Wako Pure Chemical Industries Ltd, Osaka, 
Japan). Cell viability was assessed by comparing the 
percentage of cells which were not stained by trypan 
blue with PBS-treated cells (a negative control); 
lactate dehydrogenase release was expressed as a 
percentage of the total amount of lactate dehydro- 
genase present in the cells, which was determined by 
measuring Triton X-treated cell lysate. 

Cell viability determined by trypan blue staining 
was more than 95 % in all groups. Ketamine, even at 
the highest concentration used in this study 
(600 pmol litre-!), did not release lactate dehydro- 
genase; ketamine 600-pmol litre“! samples released 
18.3 (0.2)% and control samples released 18.3 
(0.6)% of total lactate dehydrogenase (Triton-X 
lysate). 


DATA ANALYSIS 


All values were derived from more than three 
independent experiments. Data were expressed as 
mean (SEM) and differences between values were 
analysed using the Mann-Whitney U test or 
ANOVA; when P < 0.05, differences were con- 
sidered significant. 


Results 


NITRITE PRODUCTION BY MACROPHAGES ACTIVATED 
BY LIPOPOLYSACCHARIDE AND INTERFERON-Y OR 
LIPOTEICHOIC ACID AND INTERFERON-Y 


Both lipoteichoic acid, a component of the cell walls 
of gram-positive bacteria, and lipopolysaccharide, 
which is part of the cell walls of gram-negative 
bacteria, are known to induce macrophages to 
produce nitric oxide [19]. Interferon-y enhances this 
nitric oxide production. As shown in table 1, 
lipopolysaccharide 10 ng ml“! or lipoteichoic acid 
5 ug ml™ induced nitrite production by macro- 
phages, when treated with interferon-y 100 u. ml-t. 


EFFECTS OF KETAMINE ON NITRITE PRODUCTION BY 
MACROPHAGES 


Various concentrations of ketamine (6-600 pmol 
litre-!) were added to the macrophage culture 
samples concurrently with lipopolysaccharide or 
lipoteichoic acid stimuli. As shown in figure 1, 
ketamine suppressed nitric oxide production dose- 
dependently, evaluated as nitrite accumulation, at 
concentrations of 30-600 umol litre7! in macro- 
phages activated by lipopolysaccharide and 
interferon~y at concentration of 15—600 pmol litre? 
in samples activated by lipoteichoic acid and 
interferon-y. The IC.) for lipopolysaccharide- and 


Table 1 Nitrite production by activated macrophages (mean 
(SBM)). J774 cells were incubated with various types of stimuli 
for 18 h and the amount of nitrite production was determined 
by Griess reaction. LPS = Lipopolysaccharide, IFNy = 
interferon-y and LTA = lipoteichoic acid 


Stimulus Nitrite (umol litre“) 
LPS (10 ng mi~!)+- IFNy (100 u. mI!) 37.9 (0.8) 
LTA 6 pg mi~) + IFNy (100 u. mi!) 42.7 (1.1) 
None 0.4 (0.1) 
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Figure 1 Inhibition by ketamine of nitrite production by 
macrophages activated by lipopolysaccharide 10 ng ml“! and 
interferon~y 100 u. ml~! (C) or lipoteichoic acid 5 ug ml“! and 
interferon-y 100 u. mi~? (@). J774 cells were incubated for 18h 
under stimulation with lipopolysaccharide and interferon~y or 
lipoteichoic acid and interferon-y, with various amounts of 
ketamine (6-600 umol litre™!). Nitric oxide production was 
determined by measuring nitrite in the medium. Values are 
expressed as mean (SEM) percentage of control (containing no 
ketamine), Ketamine inhibited nitric oxide production by 
macrophages dose-dependently. The ICsy values for 
lipopolysaccharide- and interferon-y- and lipoteichoic acid- and 
interferon-y-induced nitric oxide production by macrophages 
were 281 and 266 pmol litre™!, respectively. *P < 0.05 vs 300, 
150, 60, 30, 6 and 0 pmol litre"!; + P < 0.05 vs 150, 60, 30, 6 
and 0 pmol litre“; + P < 0.05 os 60, 30, 6 and 0 pmol litre}; 

§ P< 0.05 vs 30, 6 and 0 pmol litre!; € P < 0.05 us 6 and 

0 umol litre}. 
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Figure 2; Comparison of the effects of ketamine 150 pmol 
litre! and dexamethasone 150 umol litre~!, a well-known 
inhibitor of inducible nitric oxide synthase induction, on nitrite 
production by macrophages activated by lipopolysaccharide 

10 ng ml“! and interferon-y 100 u. mI~! (jg) or lipoteichoic acid 
5 ug ml~ and interferon—y 100 u. ml“! (0). The inhibitory 
effect of ketamine was stronger than that of dexamethasone at 
the same concentration. Values are expressed as mean (SEM) 
percentages of control (stimuli only). *P < 0.05 vs 
dexamethasone and control; t P < 0.05 vs control. 


interferon-y-induced nitrite production by macro- 
phages was 281 pmol litre-!, and 266 pmol litre" for 
lipoteichoic acid- and interferon-y-induced nitrite 
production. The extent of inhibition of nitrite 
production by ketamine 150 pmol litre! was 
stronger than that of dexamethasone 150 pmol litre", 
which is a well-known inhibitor of nitric oxide 
production by activated macrophages [20] (fig. 2). 
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Figure 3 Comparison of the effects of ketamine 150 pmol 
litre! and other NMDA receptor antagonists on nitrite 
production by macrophages activated by lipopolysaccharide 

10 ng mI"! and interferon-y 100 u. ml“! (HB) or lipoteichoic acid 
5 ug ml"! and inrerferon-y 100 u. mi“! (O). MK-801 150 pmol 
litre! and dextrometrophan (DXMT) 150 pmol litre}, both 
potent NMDA receptor antagonists, failed to inhibit nitric 
oxide production. Values are expressed as mean (SEM) 
percentages of control (stimuli only). *P < 0.05 ws control. 


EFFECTS OF OTHER NON-COMPETITIVE NMDA 
RECEPTOR ANTAGONISTS ON NITRITE PRODUCTION BY 
ACTIVATED MACROPHAGES 


In order to investigate if NMDA receptor pathways 
are involved in the inhibitory effect of ketamine on 
nitrite production, we tested the effects of two potent 
non-competitive NMDA receptor antagonists, MK- 
801 and dextromethorphan. In contrast with 
ketamine, neither MK-801 150 umol litre? nor 
dextromethorphan 150 pmol litre inhibited nitrite 
production in lipopolysaccharide- and lipoteichoic 
acid-activated macrophages (fig. 3). Similar doses of 
these antagonists have been reported to be adequate 
to block the NMDA receptor channels of neuronal 
cells [11, 21, 22]. 


EFFECTS OF KETAMINE ON TNF PRODUCTION BY 
ACTIVATED MACROPHAGES 


Tumour necrosis factor-a is a pro-inflammatory 
cytokine released from activated macrophages and a 
key mediator in septic shock [23]. Because the 
endogenous production of tumour necrosis factor-a 
has been reported to stimulate nitric oxide pro- 
duction in the autocrine system [24], we examined 
the effects of ketamine on production of tumour 
necrosis factor-a. 

As shown in table 2, ketamine suppressed 
production of tumour necrosis factor-x by 
lipopolysaccharide- and lipoteichoic acid-activated 
macrophages dose-dependently. 


Discussion 


Although the extent of influence of anaesthetics on 
host defence and the immune system is largely 
unknown, some of the immunosuppressive effects of 
anaesthetic agents in vitro have been reported [25, 
26]. Under normal conditions, the immune system 
provides essential protection for the host, but if the 
immune system is overactivated or improperly 
activated, it becomes excessively cytotoxic and can 
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Table 2 Inhibition by ketamine of tumour necrosis factor-a 
(TNF-a) production from macrophages activated by 
lipopolysaccharide (LPS) and interferon~-y (IFNy) or 
lipoteichoic acid (LTA) and IFNy. J774 cells were incubated 
for 18 h under stimulation with LPS and IFNy or LTA and 
IFNy with various amount of ketamine. The amount of TNF-a 
production was determined by ELISA. Values are expressed as 
mean (SEM) percentages of control (no ketamine, stimuli only). 
*P < 0.05 vs control; tP < 0.05 vs 10 ug ml! and control 


% Production of TNF-a 





Concentration 
of ketamine LPS (10 ng mi~!) LTA (5 pg ml") 
(umol litre!) +IFNy (100 u. ml?) +IFNy (100 u. ml) 
0 100 100 
30 83.5 (7.9)* 81.8 (4.1)* 
300 17.0 (1.0)+ 35.4 (4.1)t 


damage normal tissues, typically seen in sepsis [27], 
ARDS [28], autoimmune diseases [29] and ischaemic 
brain injury [30]. In this regard, further investigation 
of the immunosuppressive effects of anaesthetic 
agents may lead to new strategies in treating 
disorders related to overactivation of the immune 
system. Nitric oxide is implicated in the injury of 
tissues in various organs [1,2]; in this study we 
focused on nitric oxide produced by inducible nitric 
oxide synthase in activated macrophages, and 
showed that ketamine inhibited nitric oxide pro- 
duction dose-dependently. 

Recently the role of nitric oxide endogenously 
generated by inducible nitric oxide synthase in the 
physiology and pathophysiology of organs has been 
better appreciated and the mechanisms which may 
regulate nitric oxide production have been investi- 
gated. The list of factors shown to inhibit nitric 
oxide production continues to grow: corticosteroid 
[19], transforming growth factor-B [13], interleukin- 
4 [14], interleukin-10 [24], macrophage deacti- 
vating factor [31] and macrophage-stimulating 
protein [15] have been reported to inhibit the 
induction of nitric oxide production by macrophages 
stimulated by lipopolysaccharide or cytokines. We 
found the inhibitory effect of ketamine 150 pmol 
litre"! was stronger than that of dexamethasone 
150 pmol litre-'. Because we still do not know how 
ketamine inhibits nitric oxide production by macro- 
phages, we also examined the involvement of 
NMDA receptors. Activation of NMDA receptors 
in the central nerve system results in nitric oxide 
synthesis by constitutive nitric oxide synthase in 
neuronal cells [32]. Another study showed that 
ketamine and other non-competitive NMDA 
receptor antagonists inhibited nitric oxide pro- 
duction in cultured cerebral neurones [11]. 

Although an NMDA receptor has yet to be 
identified in macrophages, we tested the effects of 
MK-801 and dextromethorphan on the production 
of nitric oxide by activated macrophages and found 
no inhibition. These results indicate that whether or 
not macrophages possess NMDA receptors, involve- 
ment of NMDA receptors in the inhibition of nitric 
oxide production by ketamine would still seem 
unlikely. 

Ketamine inhibited production of tumour necrosis 
factor-a dose-dependently, a finding consistent with 


a previous report [26]. This suggests that inhibition 
of nitric oxide production by ketamine may be 
caused partially by inhibition of endogenous pro- 
duction of tumour necrosis factor-a. 

The presence of activated macrophages at sites of 
neurone damage, observed in brain injury and 
degenerative brain, has lead to the suggestion that 
the cytotoxicity of macrophages is responsible for 
the damage [33]. Recent experiments have provided 
further evidence that macrophages are responsible 
for neuronal damage; reduction in the recruitment of 
macrophages, achieved by body irradiation or by 
macrophage inactivation with colchicine, which 
inhibits the assembly of microtubules and suppresses 
the phagocytic and secretory functions, reduces cell 
death in ischaemic injury or ibotenic acid-induced 
brain damage [30, 34]. Nitric oxide released by 
activated macrophages has also been found to be 
cytotoxic to neurones [10]. The ability of ketamine to 
act against neuronal damage may thus be expected 
not only to derive from inhibition of the NMDA 
receptor in neurones [35, 36] but also partially from 
inhibition of nitric oxide production by macrophages 
in the brain. 

In septic shock, or systemic inflammatory response 
syndrome (SIRS), tumour necrosis factor-a released 
from macrophages plays a pivotal role in patho- 
genesis [23]. Tumour necrosis factor-a alone, how- 
ever, cannot explain the complex pathophysiological 
alternation in SIRS. There has been speculation 
concerning the participation of alternative mediators, 
including other cytokines and nitric oxide [37]. In 
this context, ketamine may prove worthy of con- 
sideration in a new form of therapy because, in vitro, 
it inhibits both tumour necrosis factor-a and nitric 
oxide production by macrophages. Reported serum 
concentration of ketamine used in anaesthetic doses, 
however, are less than 80 pmol litre in animals [38, 
39] and less than 7 pmol litre"! in humans [40, 41]. 
The latter is small compared with the effective values 
in this study. If higher doses of ketamine were 
administered, the inhibitory effects found in this 
study may be clinically significant. Further investi- 
gation is needed to determine the possible thera- 
peutic uses of ketamine. 
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Potentiation of local lignocaine-induced sensory block by calcium 


channel blockers in rats 


H. Iwasaki, H. OHMoRI, K. OMOTE, M. KAWAMATA, S. SUMITA, M. YAMAUCHI 


AND A. NAMIKI 


Summary 


We have studied the effects of three different types 
of calcium channel blockers (verapamil, diltiazem, 
and nicardipine) on local lignocaine sensory block. 
The standardized tail flick test was used to measure 
the duration and degree of lignocaine-induced 
conduction block in rats. After obtaining baseline 
tail flick latencies (mean 3.2 s), two 100-pl doses of 
0.3% lignocaine alone, a combination of verapamil 
25, 100 or 200 yg, diltiazem 25, 100 or 200 pg, or 
nicardipine 0.5, 1.0 or 2.0 ug, and a large dose of 
calcium channel blockers (verapamil 200 ug, dil- 
tiazem 200 pg or nicardipine 2.0 ug) were injected 
on opposite sites of the tail base and the tail flick 
test was performed every 5 min for 45 min. A large 
dose of the calcium channel blockers showed no 
prolongation of tail flick latencies. Administration of 
0.3% lignocaine alone produced a significant 
increase in tail flick thresholds and the peak effect 
of the percentage maximum possible effect 
(%MPE) was demonstrated at 5 min after drug 
injection (mean %MPE 28.8%; P < 0.01 vs base- 
line). Co-administration of 0.3% lignocaine and 
three doses of verapamil produced significant 
increases in area under the curve (AUC) in a dose- 
dependent fashion. Mean AUC values for 0.3% 
lignocaine alone and a combination of verapamil 
25, 100 or 200 ug were 217.5, 502.5, 529.1 and 
1600.3, respectively. Almost similar patterns of 
augmentation in AUC values were demonstrated 
after addition of different doses of diltiazem or 
nicardipine to 0.3% lignocaine. We conclude that 
the use of mixtures of local anaesthetic and calcium 
channel blocker potentiated lignocaine sensory 
block at the level of the peripheral nerves. (Br. J. 
Anaesth, 1996; 77: 243-247). 
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The primary action of local anaesthetics reversibly 
blocks conduction of nerve impulses by preventing 
increases in the permeability of the nerve membrane 
to sodium ions. Calcium movement is essential for 
normal sensory processing and plays a role in axonal 
conduction and synaptic transmission. Recently it 
has been reported that local anaesthetics depress 


influx of calcium ions at concentrations required to 
block nerve conduction [1, 2]. 

Calcium channel blockers block sodium in ad- 
dition to calcium channels [3] and have local 
anaesthetic actions [4,5]. Interaction between cal- 
cium channel blockers and local anaesthetic agents is 
now well documented [6,7]. We have also reported 
that intrathecally administered verapamil poten- 
tiated the depth and duration of spinal anaesthesia 
with lignocaine [8]. Therefore, we hypothesized that 
co-administration of calcium channel blocking 
agents would increase the analgesic effects of local 
anaesthetics. 

In this study we examined if calcium channel 
blockers could potentiate and prolong sensory block 
with lignocaine at peripheral nerves in rats. 


Materials and methods 


The study was approved by our Animal Care and 
Use Committee. Male Sprague-Dawley rats, weigh- 
ing 250-300 g, were used in the experiments. 
Animals were housed in a temperature-controlled 
(21+1 °C) room with a 21-h light-dark cycle (lights 
on 07:00 to 19:00) and given free access to food and 
water. To reduce the effects of handling on no- 
ciceptive responses, all animals were handled and 
trained in the test situation for at least 3 days before 
testing. A maximum of three experiments was 
conducted on each rat with a minimum of 3 days 
between studies. 


NOCICEPTIVE TEST 


To assess the thermal nociceptive threshold, the 
standardized tail flick test was performed, using a 
restrain box, by monitoring latency to withdraw 
from a heat source (a 50-W projection lamp bulb) 
focused on a distal segment of the tail (RN-205E, 
Natume, Japan). A single control switch simul- 
taneously activated the light and a timer. The time 
interval between switching on the light to flick of the 
tail was recorded as tail flick latency. The location on 
the tail stimulated was varied systematically so that 
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the same portion of the tail was not exposed 
repeatedly to the light source. A 10-s cut-off time 
was used in the tail flick tests to minimize tissue 
damage. Mean baseline tail flick latency was 3.2 
(2.8-3.9) s in the experiment. 


DRUGS AND INJECTION 


The drugs used were lignocaine hydrochloride 
(Fujisawa, Osaka, Japan), verapamil hydrochloride 
(MW 491.07; Sigma, St Louis, MO, USA), dil- 
tiazem hydrochloride (MW 450.99; Tanabe, Osaka, 
Japan) and nicardipine hydrochloride (MW 515.99; 
Yamanouchi, Tokyo, Japan). Drugs were freshly 
dissolved in sterile physiological saline in con- 
centrations that allowed local injection at the root of 
the tail in 100- ul volumes. Animals were placed in 
individual plastic cylinders with an opening to allow 
the tail to protrude. After determining baseline tail 
flick latencies, 0.3% lignocaine alone, or combined 
with verapamil 25, 100 or 200 ug, diltiazem 25, 100 
or 200 ug, or nicardipine 0.5, 1.0 or 2.0 ug, and 
verapamil 200 ug, diltiazem 200 ug or nicardipine 
2.0 pg alone were injected bilaterally at the base of 
the tail in 200-1 volumes, in a randomized manner. 
Using the modified methods of Grant and colleagues 
[9], two 100-pl of volumes of each drugs were 
injected directly into the base of the animal’s tail on 
opposite sides of the midline using a 30-gauge needle 
attached to a 100-pl syringe (Hamilton, Reno, NV, 
USA). Accurate bilateral injections were noted to 
result in slight circumferential swelling of the tail 
root, as described in an original report. Tail flick 
latencies were evaluated 5, 10, 15, 20, 30 and 45 min 
after administration of the drug at the root of the tail. 

The pH values of the solutions of 0.3 % lignocaine, 
calcium channel blockers and mixtures of 0.3% 
lignocaine and calcium channel blocker in physio- 
logical saline were analysed by an ABL3 (Radio- 
meter, Copenhagen, Denmark). The pH of a 100-p1 
solution of verapamil, 200 jig, diltiazem 200 pg, 
nicardipine 2.0 pg, 0.3% lignocaine-200 ug vera- 
pamil, 0.3 % lignocaine-200 pg diltiazem, and 0.3% 
lignocaine-2.0 pg nicardipine were 5.81, 5.37, 5.28, 
6.25, 6.01 and 5.59, respectively. 


CARDIOVASCULAR VARIABLES AND TAIL TEMPERATURE 


To examine cardiovascular variables and tempera- 
ture in the tail, arterial pressure, heart rate and skin 
temperature at the middle of the tail were measured 
before and after administration of 0.3 % lignocaine- 
200 ug verapamil in the four animals in which an 
arterial catheter had been inserted via the internal 
carotid artery. 


STATISTICAL ANALYSIS 


The response for the tail flick test was calculated as 
percentage maximum possible effects (%MPE): 
% MPE = (post-drug latency—baseline latency)/ 
(cut-off time—baseline latency) x 100%. The area 
under the curve (AUC) of % MPE vs time was 
calculated using the trapezoidal rule in order to 
express the overall magnitude and duration of effect 
for the tail flick test. Differences in %MPE and 
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AUC between groups, and within-group differences 
between baseline values and those after admin- 
istration of the drugs, were tested using Friedman’s 
analysis of variance (ANOVA) by ranks and the 
Mann-Whitney U test. P < 0.05 was considered 
statistically significant. All data are expressed as 
mean (SEM). 


Results 


Animals were able to move their tail at random 
throughout the experiments. Lignocaine 0.3% 
alone, administered at the base of the tail, produced 


100 ~ 





% MPE 





Time (min) 


Figure 1 Changes in percentage maximum possible effect 

(% MPE) after injection of 0.3% lignocaine (O, n = 8), 
verapamil 200 ug (A, n = 5) and a mixture of 0.3% lignocaine 
and verapamil 200 pg (W, n = 8), 100 pg (@, n = 6) or 25 pg 
CA; n = 6). Data are mean, SEM. *P < 0.05, **P <0.01 
compared with control (C) (pre-injection) value. 
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Figure 2 Changes in percentage maximum possible effect 

(% MPE) after injection of 0.3% lignocaine (O, n = 8), 
diltiazem 200 ug (A, n” = 5) and a mixture of 0.3% lignocaine 
and diltiazem 200 pg (W, n = 5), 100 pg (@, z = 5) or 25 ug 
(A; n = 5). Data are mean, SEM. *P < 0.05, **P < 0.01 
compared with control (C) (pre-injection) value. 
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Figure 3 Changes in percentage maximum possible effect 
(% MPE) after injection of 0.3% lignocaine (O, n = 8), 
nicardipine 2.0 ug (A, 2 = 5) and a mixture of 0.3% lignocaine 
and nicardipine 2.0 pg (W, » = 7), 1.0 ug (@, n = 5) or 0.5 pg 
(A, n = 5). Data are mean, SEM. *P < 0.05, **P < 0.01 
compared with control (C) (pre-injection) value. 


significant prolongation of tail flick latency. The 
peak effect was observed 5 min after drug admin- 
istration. A large dose of calcium channel blocker 
(verapamil 200 ug, diltiazem 200 ug or nicardipine 
2.0 ug) alone did not produce prolongation of tail 
flick latency compared with each pre-drug value. 

In contrast, co-administration of lignocaine and 
the three different doses of verapamil produced a 
dose-dependent increase in tail flick latencies and the 
duration of sensory block increased with increasing 
concentration of verapamil compared with lignocaine 
alone (fig. 1). 

A similar pattern of augmentation in % MPE and 
AUC after addition of different doses of diltiazem or 
nicardipine to 0.3% lignocaine resulted in an 
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increase in %MPE and AUC, which were approxi- 
mately dose-dependent increases in the tail flick test 
(figs. 2-4). 

There were no significant changes in mean arterial 
pressure, heart rate or tail temperature after local 
injection of the drugs at the base of the tail (data not 
shown). 


Discussion 


We have demonstrated that local sensory block of 
lignocaine was potentiated and prolonged by con- 
comitantly administered L-type calcium channel 
blockers (which alone exert no influence on local 
sensory block) in a dose- and time-related manner. 

Local anaesthetics such as lignocaine, procaine, 
amylocaine or cinchocaine have been shown to 
inhibit calcium uptake and the calcium ion-activated 
ATPase activity of sarcoplasmic reticulum vesicles 
[10-12]. This ability of local anaesthetic agents to 
inhibit calcium efflux from the sarcoplasmic reti- 
culum was explained by incorporation of these 
amphophilic drugs into the lipid layer [13,14], 
interaction with calcium ion binding sites on mem- 
brane phospholipids, or direct interaction with a 
calcium channel [15, 16]. 

Calcium channel blockers block sodium channels 
in addition to calcium channels in a dose-dependent 
manner and have local anaesthetic actions. Kraynack, 
Lawson and Gintautas demonstrated that a blocking 
action of the fast sodium channel by verapamil] was 
almost equal to that of procaine, although the 
mode of pharmacological action of these drugs was 
different. It has also been demonstrated that 
simultaneous administration of an amide local 
anaesthetic agent and the calcium channel blocker, 
verapamil, has more marked cardiovascular depress- 
ant effect than local anaesthetic alone [6,7]. In this 
study, a large dose of calcium channel blocker alone, 
administered into the base of the tail, produced no 
significant antinociceptive effects. It is therefore 
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Figure 4 Area under the curve (AUC) of % MPE x time (0-45 min) after injection of 0.3% lignocaine alone, and 
combined with verapamil 25, 100 or 200 ug, diltiazem 25, 100 or 200 ug or nicardipine 0.5, 1.0 or 2.0 pg. Data are 
mean, SEM. * P < 0.05, **P < 0.01 compared with 0.3 % lignocaine alone. 
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unlikely that the local anaesthetic activity of calcium 
channel blocking agents accounts for the increase in 
tail flick latency observed in the study, although little 
is known of the specific mechanism of augmentation 
of lignocaine sensory block by calcium channel 
blockers. 

Several investigators have used in vivo animal 
models to evaluate local anaesthetic-induced con- 
duction block. However, some of these studies have 
assessed sensory loss using non-quantitative meth- 
ods. Analgesia tests in the rat using thermal stimu- 
lation such as tail flick or hot plate have been used for 
many years. These tests are useful for evaluation of 
systemic or neuroaxial analgesics but have limited 
use for local anaesthetics because they cannot clearly 
differentiate between motor and sensory block. A 
recent report has indicated that local anaesthetic 
injection directly into the base of the tail is a simple 
and reliable in vivo laboratory method using the 
standard tail flick test for comparing sensory block 
produced by different local anaesthetics [9]. These 
injections produce no motor block as tail motion is 
controlled by ligaments originating in muscles 
proximal to the level of the injection sites. Thus, the 
model enabled us to assess independently local 
sensory block produced by the injected drugs. In our 
study, all animals were able to move their tail at 
random after injection of the drugs. 

It has been known widely that systemic 
administration of calcium channel blocker causes 
vasodilatation and cardiac depression, which result 
in hypotension and bradycardia [17]. No significant 
circulatory changes were observed in that study. 
Another possibility that could explain the observed 
effects would be a pharmacokinetic interaction 
between the drug solutions, such as changes in the 
pH of the tissue of the injection sites. Concomitant 
administration of lignocaine and calcium channel 
blockers might produce pharmacodynamic changes 
in tail temperature or regional blood flow. It is also 
not enough to explain the fact that local lignocaine 
sensory block was potentiated by co-administration 
of calcium channel blockers because administration 
of a large dose of calcium channel blockers alone did 
not produce a significant change in tail flick latency, 
as described above. 

In this study we used three different calcium 
channel blockers with different structures: di- 
phenylalkylamine (verapamil), benzothiazepine (dil- 
tiazem) and dihydropyridine (nicardipine). ID.) 
values for maximum amplitude of the calcium ion in- 
ward current in ileum smooth muscle of rabbits have 
been reported as 1.4 pmol litre, 1.3 pmol litre! 
and 24nmol litre! for verapamil, diltiazem and 
nicardipine, respectively [18]. Although the doses of 
calcium channel blockers co-administered in the 
study may not be exactly equipotent on neuronal 
calcium channels, similar patterns of augmentation 
of local sensory block of lignocaine by the three 
different structures of calcium channel blockers were 
demonstrated. These results suggest that the po- 
tentiation observed in the study was probably caused 
by direct inhibition of voltage-dependent calcium 
conductance, and consequent lowering of calcium 
ions of the peripheral nerves. 
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In conclusion, we have demonstrated that co- 
administration of a calcium channel blocker po- 
tentiated the degree and duration of local lignocaine 
sensory block. Most local anaesthetic drugs can be 
used for peripheral nerve block and the choice of 
drug is determined primarily by the required 
duration of anaesthesia. The duration of sensory 
analgesia is prolonged significantly when vaso- 
constrictors, usually adrenaline, are frequently added 
to local anaesthetic solutions. However, addition of 
a vasoconstrictor may cause cardiovascular dis- 
turbances, including cardiac arrhythmia or hyperten- 
sion. The use of mixtures of local anaesthetic and 
calcium channel blocker may offer clinical advan- 
tages, with peripheral nerve block for chronic pain 
management. However, more study is required 
before co-administration of lignocaine and calcium 
channel blockers can be considered for clinical use. 
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Lv. anaesthetic agents inhibit dihydropyridine binding to L-type 
voltage-sensitive Ca?+ channels in rat cerebrocortical membranest 


K. HIROTA AND D. G. LAMBERT 


Summary 


Previous studies have implicated the neuronal L- 
type voltage-sensitive Ca? channel (VSCC) as a 
target site for i.v. anaesthetic agents. It is unclear if 
these agents interact with the L-channel -subunit 
1,4-dihydropyridine (DHP) binding site. In this 
study, we have examined the interaction of thio- 
pentone, pentobarbitone, ketamine, etomidate, 
propofol and alphaxalone, and the non-anaesthetic 
barbiturate, barbituric acid, with the DHP binding 
site on rat cerebrocortical membranes. Binding 
assays were performed in 1-ml volumes of Tris-HCI 
50 mmol litre, pH 7.4, for 90 min at room tem- 
perature containing 200 pg of membrane protein 
with [7H] PN200-110 as a radiolabelled DHP. Non- 
specific binding was defined in the presence of 
nifedipine 10-8 mol litre-t. The interaction of i.v. 
anaesthetics was determined by displacement of 
[7H]PN200-110 0.2 nmol litre’. All iv. anaes- 
thetics showed some interaction with the DHP 
binding site. The concentrations of anaesthetic 
producing 25% inhibition of specific binding 
(corrected for the competing mass of [7H]PN200- 
110), Ky, were (pmol litre-'): thiopentone 48 
(SEM 2), pentobarbitone 95 (7), propofol 40 (2), 
etomidate 25 (2), alphaxalone 17 (3) and ketamine 
198 (16). Barbituric acid was ineffective. With the 
exception of ketamine, there was a significant 
correlation between Ks and peak serum concen- 
tration during anaesthesia (P = 0.033) and serum 
concentrations on  wakening (P = 0.018), 
suggesting that the L-channel DHP binding site 
may be a target for i.v. anaesthetic agents. (Br. J. 
Anaesth. 1996; 77: 248-253) 


Key words 
Anaesthetics i.v. lons, ion channels. lons, calcium. Model, rat. 


Neuronal L-type voltage-sensitive Ca?* channels are 
located predominantly on neuronal cell bodies and 
are involved in the regulation of neurotransmitter 
release [1]. Moreover, L-type Ca?* channel blockers 
potentiate anaesthetic potency in vivo [2-6]. These 
findings suggest that L-type voltage-sensitive Ca? 
channels may be a target site for general anaesthetic 
agents. Indeed, i.v. anaesthetics are known to 
interact with 1,4-dihydropyridine (DHP) binding 
sites on L-type Ca? channels in skeletal [7] and 


smooth muscle [8], and there is evidence to suggest 
that i.v. anaesthetics inhibit neuronal L-type Ca*+ 
channels [9, 10]. It is still unclear, however, if i.v. 
anaesthetic agents interact directly with DHP bind- 
ing sites on the a, subunit of neuronal L-type Ca?* 
channels. In contrast, the interaction of volatile 
general anaesthetic agents is well documented [11, 
12]. In this study, we examined if a range of i.v. 
anaesthetic agents interact with the DHP binding 
site (labelled with (+ )-[methyl-*7H]PN200-110, (+)- 
[methyl-*H]isopropyl-4-(2,1,3-benzoadiazol-4-yl)- 
1,4-dihydro-5-methoxycarbonyl-2,6-dimethyl-3- 
pyridinecarboxylate) on neuronal L-type Ca?+ 
channels in rat cerebrocortical membranes. 


Materials and methods 
TISSUE PREPARATION 


Female Wistar rats (250-300 g) were stunned and 
then decapitated. The brain was removed rapidly, 
the cerebrocortex detached from its internal 
structures, placed in Tris HCl 50 mmol litre", 
pH 7.4 at 4°C, and homogenized using a tissue 
tearor (setting 5,5x30-s bursts). The resulting 
homogenate was centrifuged at 18000 g for 10 min 
and the pellet resuspended in Tris HCl buffer. This 
procedure was repeated three times. Membranes 
were frozen in aliquots at —40 °C. 


MEASUREMENT OF [*H]PN200-110 BINDING 


All binding assays were performed in 1-ml volumes 
of Tris HCI buffer for 90 min (the optimal incubation 
time was determined empirically) at 20°C using 
cerebrocortical membranes (approximately 200 ug of 
protein). Saturation analyses to determine the equi- 
librium dissociation constant (K) and the maximal 
binding capacity (Bmax) were performed using 
increasing concentrations of PH]PN200-110 
(0.02-2.0 nmol litre!), In this method, as the con- 
centration of label increases, the binding sites 
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saturate (analogous to saturation of an enzyme 
reaction for determination of K,, and Vmax) and the 
concentration at which specific binding saturates is 
used to determine Bmax (see fig. 1). It follows that 
the concentration of ligand that yields half the Bmax 
is the Ky. Non-specific binding was defined in the 
presence of excess (1075 mol litre~!) nifedipine. After 
incubation, each sample was filtered under vacuum 
through Whatman GF/B filters using a Brandel cell 
harvester to separate bound and free radioactivity. 
Filter retained (bound) radioactivity was extracted 
for at least 8h in 4ml of scintillation fluid before 
estimation using a beta scintillation counter. The 
estimated radioactivity was quench corrected with 
an average [PH] counting efficiency of 60.4%. In 
order to determine if an agent interacted with L-type 
Ca?* channels, the dihydropyridine binding site was 
labelled with PHJPN200-110. Increasing concen- 
trations of unlabelled displacer (anaesthetic agents) 
were then added. Displacement of PH]PN200-110 
binding by the anaesthetic agents indicates that they 
are interacting at the same site as the radiolabel, that 
is the œ, subunit of the L-type Ca** channel. A fixed 
concentration of PH]PN200-110 (0.2 nmol litre) 
was displaced by the following unlabelled agents: 
thiopentone (n =6; 107-107 mol litre), pento- 
barbitone (n = 6; 107-107 mol litre™!), ketamine 


(n=6; 10%~-107 mollitre', n=4; 107-10% 
mol litre), etomidate (n=6; 3x107-10~* 
mol litre"), propofol (n=6;  3x107-10* 


mol litre!) and alphaxalone (n=6; 3x107- 
10% mol litre), A non-anaesthetic barbiturate, bar- 
bituric acid (n=6; 107-10% mol litre) and 
nifedipine (n =5; 107-3 x 10-7” mol litre!) were 
examined as negative and positive controls, re- 
spectively. Agents were dissolved in Tris HCI buffer 
as follows; thiopentone (100 mmol litre! stock in 
NaOH 0.1 mol litre™!), pentobarbitone and barbi- 
turic acid (50 mmol litre~! stock in distilled water), 
propofol (100 mmol litre! stock in DMSO), 
alphaxalone and nifedipine (50 mmol litre7! stock in 
DMSO), etomidate (50 mmol litre! stock in HCl 
0.1 mol litre!) and ketamine (500 mmol litre stock 
in distilled water). Appropriate solvent concen- 
trations were added to control tubes. In addition, a 
full dose-response curve for the effects of DMSO (n 
= 6) was constructed and indicated that 1% DMSO, 
which is the highest concentration used in these 
studies, produced only 3+1% displacement. The 
highest anaesthetic concentration used was limited 
by agent solubility. 


DATA ANALYSIS 


Specific binding was calculated as the difference 
between total and non-specific binding. Bmax and 
Kı were obtained from Scatchard plots. In dis- 
placement studies, the concentrations of displacer 
producing 25% and 50% displacement of specific 
binding (IC, and IC.) were obtained by computer- 
assisted curve fitting (Graphpad-Prism) and 
corrected for the competing mass of PH]PN200-110 
according to Cheng and Prusoff [13] to yield the 
affinity constant (K,; and K.o). All data are expressed 
as mean (SEM). 
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Results 


Binding of PH]PN200-110 was time- (fig. 1a) and 
dose- (fig. 18) dependent. Bmax and Ky values 
estimated from Scatchard plots (fig. 1c) were 152 
(14) fmol/mg protein and 59 (3) pmol litre’, re- 
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Figure 1 Binding of PH]PN200-110 to rat cerebrocortical 
membranes was time- (A) and dose- (B) dependent. In A, 
(PH]PN200-110 concentration was approximately 

0.2 nmol litre7!. c = Scatchard transformation of the specific 
binding curve in B (@ = specific, A = total and A = non- 
specific binding) and was used to determine Bmax and Ky. 
Date are mean, SEM (n = 5) in A and from a representative 
experiment (from n = 5) in B and C. 
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Figure 2 PH]PN200-110 binding (approximately 

0.2 nmol litre!) was displaced dose-dependently by anaesthetic 
barbiturates (thiopentone (O), pentobarbitone (@), barbituric 
acid (A\)) (A), propofol (©), etomidate (@), alphaxalone (A) 
and ketamine (A) at anaesthetic concentrations (8) and 
ketamine (O) at local anaesthetic concentrations (C). Nifedipine 
CW) is included as a high affinity reference compound. Data are 
mean, SEM (n = 4-6). 


spectively. Nifedipine displaced [HJPN200-110 
binding with a Ks of 3.2 (0.6) nmol litre"! (n = 5). 
All i.v. anaesthetics displaced specific PH]PN200- 
110 binding in a dose-dependent manner (fig. 2A-C) 
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Table 1 Effects of anaesthetics on PHJPN200-110 binding 
(mean (SEM)) 














Kso Kos 
Agent n (mol litre!) (pmol litre!) 
Thiopentone 6 134 (6) 48 (2) 
Pentobarbitone 6 211(6) 95 (7) 
Propofol 6 97 (5) 40 (2) 
Etomidate 6 36 (1) 25 (2) 
Alphaxalone 6 34 (5) 17 (3) 
Ketamine 6 377 (49) 198 (16) 
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Figure 3 Correlation between binding Ks, peak serum 
concentrations and wakening plasma concentrations of 
alphaxalone (AP), etomidate (ED), propofol (PF), thiopentone 
(TP) and pentobarbitone (PB). @ = Awake (7? = 0.0880, 
P = 0.0184), O = peak (r? = 0.824, P = 0.0333). 


with Kz and Ks values shown in table 1. Barbituric 
acid was ineffective. Ketamine displaced [7H]PN200- 
110 only at high, local anaesthetic concentrations 
[14, 15] (fig. 2c). With the exception of ketamine, 
there was a significant correlation between K, (r? = 
0.834, P = 0.0333) (fig. 3) and Ks (r°? = 0.960, P = 
0.0035) and peak plasma concentrations during 
anaesthesia [16-18]. In addition, there was a signifi- 
cant correlation between plasma concentrations on 
wakening and both Kz (r? = 0.843, P = 0.0278) and 
Kop (r? = 0.965, P = 0.0028) (fig. 3). 


Discussion 


In this study, our data suggest that i.v. anaesthetic 
agents interact with the DHP binding site on 
neuronal L-channels based on the observed cor- 
relation between K,, and Ks and peak plasma 
concentrations during major surgery or deep sed- 
ation [16-18], and plasma concentrations seen on 
awakening from anaesthesia [17, 19,20]. Recent 
reports, however, have suggested that the GABA, 
receptor may represent a critical target site for general 
anaesthesia with voltage-sensitive Ca?t channels 
being less or unimportant as several anaesthetics 
produce stereospecific inhibition of Cl~ flux through 
the GABA, receptor and the IC.) for Ca** channel 
inhibition by volatile anaesthetic agents exceeds 
MAC [19]. One important question for consideration 
is what degree of inhibition is clinically relevant? 


I.v. anaesthetics and L-type calcium channels 


Should a comparison with 50 % inhibition of in vitro 
events be made? It is inconceivable that the central 
nervous system or cardiovascular system could 
withstand this degree of inhibition, yet this com- 
parison has been made (e.g. MAC in the whole 
animal compared with IC. channel activity [19]). 
Several studies [19, 21,22] have suggested that 
clinically relevant concentrations of anaesthetics 
inhibit neurotransmitter release with only 20-30% 
inhibition in Ca? entry. We have therefore argued 
that it may be more relevant to compare lower 
degrees of inhibition, for example 25% [23]. The 
data in this article used total peak serum concen- 
trations and those seen on wakening [16-20]. After 
accounting for varying degrees of protein binding 
the free drug concentration would be lower. It has 
been suggested that the relevant anaesthetic con- 
centration for in vitro studies is the free (unbound) 
aqueous concentration at the appropriate end-point 
for general anaesthesia. However, it should be borne 
in mind that many i.v. anaesthetic agents [24-27] are 
concentrated in the brain and their concentration at 
the target site (the channel) may be similar to the 
concentration in the brain. As only unbound anaes- 
thetics can pass through the blood—brain barrier, the 
degree of protein binding is clearly important. 
However, we should also consider that a new 
equilibrium which restores the free concentration 
occurs after a proportion of the free anaesthetic has 
left the plasma and entered the brain. Therefore, 
both free and bound (as a pool to replenish the free 
drug) anaesthetics could be available for diffusion, 
although the diffusion rate must be dependent on 
free concentration [28]. In our study, displacement 
of PH]PN200-110 binding with i.v. anaesthetics was 
measured at 90 min (a time at which equilibrium 
with the brain would have occurred), and therefore 
we feel that “total” drug concentration may reflect 
that seen at the target site in the brain. Interestingly, 
Winters and colleagues [29] examined the influence 
of albumin on thiopentone action in the rat. In their 
study they showed that although albumin 
400 mg kg‘ i.v. 15 min before thiopentone reduced 
the sleeping time by 30% (P < 0.01), the awake 
concentration of thiopentone in the brain and total 
plasma concentration was not affected. If only the 
free concentration is important, a higher plasma 
concentration of thiopentone at awakening would be 
expected in the albumin group. Although their study 
supports our hypothesis, detailed studies are 
required to estimate accurately the true “‘at the 
target” concentration. 

In this study we have compared the Ks) obtained 
using rat brain with human serum concentrations 
during anaesthesia. Although anaesthetic require- 
ments differ between species, there is still close 
correlation for anaesthetic potencies between species 
(e.g. a good correlation exists between human MAC 
and mouse EDs, to abolish the righting reflex [30]). 
Therefore, we suggest that the Ks obtained in this 
study using rat cerebrocortical membranes is likely 
to be comparable with human serum concentrations. 

Several in vivo studies [3—5] have suggested that 
the neuronal L-type Ca** channel DHP binding site 
may be involved in the mechanism of general 
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anaesthesia. Dolin and co-workers found that the 
DHP L-type Ca? channel blocker, nitrendipine, 
increased the general anaesthetic potencies of ethanol 
and pentobarbitone [3], and benzodiazepines [4], 
while the DHP L-channel activator, Bay K 8644, 
reduced the anaesthetic action of benzodiazepines 
[4]. Horvath, Szikszay and Benedek [5] also reported 
that Bay K 8644 significantly increased the onset 
time of hypnosis and decreased the anaesthetic 
potency of dexmedetomidine, while verapamil (L- 
channel blocker) significantly augmented the 
hypnotic~anaesthetic action. However, if L-channels 
are target sites for anaesthetic agents then why are L- 
channel blockers not anaesthetic agents in their own 
right? This may be explained by poor access to the 
brain for some L-channel blockers [31]. 
Interestingly, in a long-term, multicentre study, 
flunarizine, a non-selective Ca?+ channel antagonist 
which does pass the blood-brain barrier, was 
reported to produce somnolence as a side effect in 
42% of migraine patients [32]. In addition, L- 
channel blockers have been reported to exert an 
antinociceptive action, which is an important com- 
ponent of general anaesthesia, for both rats and 
humans [33-36]. Electrophysiological studies also 
showed that pentobarbitone [9] and propofol [10] 
inhibited neuronal L-type Ca?* channels. Moreover, 
volatile anaesthetics have been reported to inhibit 
the DHP binding site in rat brain membranes [11, 
12] consistent with our hypothesis. Collectively we 
feel that these data suggest that the DHP binding site 
on the L-type voltage sensitive Ca?t channel may be 
a target site for general anaesthetic agents. 
Ketamine could only inhibit DHP binding at 
concentrations in excess of those required to produce 
general anaesthesia. However, ketamine has local 
anaesthetic properties because it can produce not 
only general anaesthesia but also local anaesthesia 
(such as i.v. regional anaesthesia) [14, 37]. Durrani 
and colleagues [14] reported that > 0.3% ketamine 
(approximately 10-? mol litre!) produced adequate 
regional anaesthesia with complete sympathetic, 
sensory and motor block. These concentrations are 
in agreement with our studies and suggest that the 
local anaesthetic action of ketamine may include Ca?* 
channel block. Clearly a wide range of local an- 
aesthetic agents will need to be examined to confirm 
or refute this hypothesis, although recent studies 
suggest that Ca** channels may be involved in the 
mechanism of action of local anaesthetics [38, 39]. It 
should also be noted that ketamine is an exception to 
the “GABA” hypothesis in that this agent does not 
interact with GABA, receptors [19]. As ketamine is 
a non-competitive NMDA channel blocker [40] it is 
possible that this agent could similarly block the 
aqueous pore of the L-channel. Indeed, channel 
block by ketamine is supported by the observed 
inhibition of K*-evoked noradrenaline release from 
SH-SY5Y human neuroblastoma cells [41] with 
simultaneous inhibition of K*-evoked Ca**+ entry. 
Does inhibition of DHP binding correlate with 
inhibition of Ca** influx? Certainly, Toll [42] 
showed, using PC12 cells, that the IC. of nifedipine 
(2.7 (0.3) nmol litre!) for “Ca** uptake was similar 
to that (1.6 (0.4) nmol litre) of PH]nitrendipine 


252 


binding. Other investigators have also suggested that 
nifedipine reduces Ca? influx, with IC, values 
using neuronal cells such as NCB-20 cells [43], 
NG08-15 cells [44] and PC12 cells [21] similar to the 
Ka reported here. However, while we suspect that 
DHP displacement with anaesthetic agents may 
produce a similar reduction in Ca?* influx we have no 
data in this tissue to support this notion. However, in 
SH-SY5Y human neuroblastoma cells we have 
shown [45] that thiopentone and propofol inhibited 
Kt-evoked increases in intracellular Ca** with ICs 
values of 121 and 124 umol litre, respectively, in 
good agreement with the K,, values also reported 
here. 

In conclusion, we suggest that the DHP binding 
site of L-type voltage sensitive Ca”* channels may be 
a target site for i.v. anaesthetic agents. 
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Is inhibition of dopamine uptake relevant to the hypnotic action of 


i.v. anaesthetics? 


H. KEITA, J. B. LECHARNY, D. HENZEL, J. M. DESMONTS AND J. MANTZ 


Summary 


We have examined the effects of ketamine, eto- 
midate, propofol and thiopentone on the uptake of 
[8H] -dopamine into rat striatal synaptosomes. [3H] - 
dopamine uptake (5min, 37°C) was potently 
inhibited by nomifensine, a classical inhibitor of the 
dopamine carrier. All anaesthetics induced 
concentration-related inhibition of the uptake pro- 
cess, values for IC,. being 4.6 x10, 5.5 x107, 
1.5x10* and 2.7 x10- mol litre for ketamine, 
etomidate, propofol and thiopentone, respectively. 
For all anaesthetics, inhibition of [?H]-dopamine 
uptake was reversible with a non-competitive 
profile. These data suggest that inhibition of striatal 
dopamine uptake may represent a relevant target 
site for some, but not all, i.v. anaesthetics. (Br. J. 
Anaesth. 1996; 77: 254-256) 


Key words 


Anaesthetics i.v, ketamine. Anaesthetics i.v., thiopentone, 
Anaesthetics i.v., etomidate. Anaesthetics i.v., propofol. Nerve, 
neurotransmitters. 


There is a large body of evidence to suggest that 
enhancement of inhibitory (primarily GABA,- 
mediated) or depression of excitatory (glutamate- 
mediated) neurotransmission, or both, may account 
for the dominant depressant effects of anaesthetics in 
the central nervous system. However, some ex- 
perimental data suggest that other neuronal sub- 
populations, such as the striatal dopamine neurones, 
may contribute to some anaesthetic mechanisms. 
Indeed, an inverse correlation has been established 
between halothane anaesthetic requirements and the 
striatal dopamine content in mice [1]. Furthermore, 
striatal extracellular levels of dopamine or its 
metabolites were increased significantly during halo- 
thane anaesthesia in rats, which might be explained 
in part by block by volatile anaesthetics of the 
dopamine transporter [2]. 

The recent cloning of the DNA dopamine trans- 
porter gene in mammals has allowed extensive 
characterization of the pharmacology of this protein. 
Because of the hydrophobicity of the dopamine 
carrier, dopamine uptake may represent a target not 
only for volatile, but also for structurally hetero- 
geneous i.v. anaesthetics. In support of this, keta- 
mine and structurally related compounds have been 
shown to potently block dopamine uptake in the 


central nervous system [3]. Whether other i.v. 
anaesthetics can modulate the activity of the dopa- 
mine carrier remains to be determined. Therefore, 
the aim of this study was to examine the effects of i.v. 
anaesthetics on the uptake of dopamine into isolated, 
purified striatal nerve terminals (synaptosomes). 


Materials and methods 


Handling procedures, as written in the Guide for the 
Care and Use of Laboratory Animals, were followed 
throughout. Experiments were performed on male 
Sprague Dawley rats (Iffa-Credo, France) weighing 
200-225 g and housed on a 12:12 light-dark cycle 
with food and water ad libitum. Animals were killed 
by stunning and decapitation, and striata removed 
rapidly from the brains and placed into ice cold 
sucrose 0.32 mol litre! containing EDTA 
1 mmol litre, dithiothreitol 0.25 mmol litre and 
adjusted to pH 7.4. Synaptosomes were isolated and 
purified on a four-step Percoll gradient and diluted 
to protein 0.16 mg ml"! with artificial cerebrospinal 
fluid (CSF) at 4°C (mmol litre): NaCl 126.5; 
NaHCO, 27.5; KCl 2.4; KH,PO, 0.5; CaCl, 1.1; 
MgCl, 0.83; Na,SO, 0.5; glucose 5.9; pargyline 
10-?; ascorbic acid 1; the pH was adjusted to 7.3 with 
a 95:5 v/v oxygen—carbon dioxide mixture. 

Uptake was initiated by adding [2,5,6 *H]- 
dopamine (Amersham, England, 44 nmol litre, 
24 Cimmol, 1mCiml™) to the synaptosomal 
suspension at 37°C. This was performed in either 
the absence of any pharmacological or anaesthetic 
agent (control), or both, or the presence of various 
concentrations of nomifensine 10-8-5 x 10-5 mol 
litre! (Research Biochemical Incorporated, 
France) or ketamine (Sigma, USA) 10°-*10° 
mol litre", etomidate 10-*5 x 10-4 mol 
litre-!, propofol 10-*-5 x 10~ mol litre! or thio- 
pentone (Specia, France) 10-*10-* mol litre”). 
Etomidate and propofol were dissolved in dimethyl- 
sulphoxide (Merck, Germany). After 5-min incu- 
bation, the mixture was vacuum filtered through 
glass filters (Whatman, GF/F, 0.70-um retention 
capacity) and washed with 10 ml of ice-cold CSF. 
The radioactivity retained on the filters was extracted 
with NaOH 0.1 mol litre! and measured by liquid 
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scintillation in Aquasol 2 (New England Nuclear, 
USA). Specific PH]-dopamine uptake was con- 
sidered the difference between the radioactivity 
measured in both the presence and absence of 
nomifensine 10-5 mol litre. 

To determine if the effects of anaesthetics were not 
caused by irreversible synaptosomal damage, PH]- 
dopamine uptake was examined after removal of the 
anaesthetic from the buffer-synaptosomal suspen- 
sion by vacuum and stirring rapidly for 30 min. 
Aliquots were removed at 15 and 30 min from an 
uptake mixture initially containing a concentration 
of anaesthetic corresponding to that inhibiting 50% 
of specific high affinity PH]-dopamine uptake 
(ICs), and PH]-dopamine uptake was determined 
as a function of the time that the mixture had been 
exposed to vacuum and stirring. Control experi- 
ments were also performed in parallel to allow 
comparison with anaesthetic-free mixtures exposed 
to the same conditions of vacuum and stirring. 

To distinguish between competitive and non- 
competitive mechanisms of any observed inhibition 
of >H]-dopamine uptake by anaesthetics, the kinetics 
of anaesthetic-induced inhibition were investigated 
by incubating synaptosomes (37°C, 5 min) with 
increasing concentrations [H]-dopamine (44- 
530 nmol litre). The reaction was stopped by 
addition of ice-cold CSF followed by vacuum 
filtration, and the radioactivity retained on the filters 
was measured. The kinetic variables of the reaction 
(Vmax, Ka) were determined in the absence (control) 
and presence of a fixed concentration of anaesthetic 
corresponding to the ICs value. 

Concentration—response curves were generated by 
computer and IC, values for inhibition of PH]- 
dopamine were calculated using the GraphPAD 
Software (San Diego, CA, USA). Results were 
considered reliable only if they had been reproduced 
in at least four independent experiments (each run in 
triplicate). Kinetic variables were analysed by 
ANOVA followed by the Student’s £t test corrected 
for the number of comparisons. P<0.05 was 
considered the threshold for significance. 


Results 


Synaptosomal [*H]-dopamine uptake increased with 
time and concentration and the mean value was 
1.98 (sD 0.08) pmol litre/mg protein after 5 min in- 
cubation. It was potently blocked by nomifensine, a 
classical inhibitor of catecholamine uptake (ICs, = 
2.4 x 107 mol litre) (fig. 1). Non-specific uptake 
was always less than 5% of the total radioactivity 
retained on the filters. The effects of ketamine, 
etomidate, propofol and thiopentone on [°H]- 
dopamine uptake are displayed in figure 1. 

For each anaesthetic tested, there was a 
concentration-related inhibition of the uptake of 
PH]-dopamine. Values for IC, were 4.6 x 10~, 
5.5x10°, 1510+ and 2.7x10~* mol litre" for 
ketamine, etomidate, propofol and thiopentone, 
respectively. The 95% confidence intervals 
were 7.6 x 10-*—2.8 x 1075 mol litre! for ketamine, 
2x 105-104 mol litre"! for etomidate, 5.6 x 10-7- 
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PHI-DA uptake (% of control) 





Log concn (mol litre’) 


Figure 1 Inhibition of PH]-dopamine (DA) uptake by 
increasing concentrations of nomifensine (V), ketamine (@), 
etomidate (©), propofol (1) and thiopentone (W). Data are 
mean, SD, and were obtained from at least four independent 
experiments. 


4x10 mol litre! for propofol and 2.3 x 10-*- 
3.4x 10- mol litre! for thiopentone. Dimethyl- 
sulphoxide did not affect PH]-dopamine uptake by 
itself. 

Inhibition of the uptake process was totally 
reversible for each of the anaesthetics. Indeed, 
uptake of PH]-dopamine measured 15 and 30 min 
after removal of the anaesthetic from the solution 
was not significantly different from that observed in 
a time-dependent control. Dopamine uptake at 15 
and 30 min after wash-out was mean 89 (sp 7)% and 
94 (6)%, 84 (11) % and 96 (8) %, 87 (10)%, and 92 
(9)%, 85 (9)% and 97 (6)% of control values for 
ketamine, etomidate, propofol and thiopentone, 
respectively. 

All compounds exhibited a non-competitive 
profile, as assessed by both the lack of significant 
difference in K,, and the significant decrease in Vmax 
values observed between contro] experiments and 
those containing anaesthetics: Vmax (pmol/mg pro- 
tein for 3 min) = 27 (6.1) for control, and 11 (2.8) 
(P < 0.01), 14 (3.4) (P < 0.01), 19 (4.1), (P < 0.05) 
and 21 (5.0) (P < 0.05) for ketamine, etomidate, 
propofol and thiopentone, respectively; Km 
(nmol litre!) = 99 (18) for control, and 97 (19) (ns), 
94 (18) (ms), 98 (16) (ns) and 101 (19) (ns) for 
ketamine, etomidate, propofol and thiopentone, 
respectively. 


Discussion 


We have shown that ketamine, etomidate, propofol 
and thiopentone inhibited the uptake of 
(PH]dopamine in a reversible and non-competitive 
manner. The concentrations of ketamine and eto- 
midate reported here are in agreement with those 
found in the plasma of anaesthetized humans, while 
those of propofol and thiopentone were likely to be 
outside the clinical range, even though such blood 
concentrations have been observed with propofol 
shortly after induction of anaesthesia [4]. Also, 
reversibility of effects is consistent with a clinically 
relevant action of i.v. anaesthetics on the dopamine 
carrier. 

The anaesthetics exhibited a non-competitive 
profile of inhibition of [7H]-dopamine uptake. In- 
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hibition of dopamine uptake by isoflurane is non- 
competitive also and it exhibits no stereoselectivity 
[2]. Interestingly, not all transporters are relevant 
target sites for anaesthetic agents, as the striatal 
GABA carrier is also inhibited by some i.v. agents 
used at clinically relevant concentrations, while the 
glutamate transporter is not [5,6]. For example, 
propofol exhibits more potent inhibitory effects on 
the GABA than on the dopamine carrier, whereas 
the opposite is true for ketamine [5] or other 
structurally related compounds such as phen- 
cyclidine [3]. Although the molecular mechanisms 
(direct effect on the carrier or actions via the lipid 
environment) whereby these anaesthetics block dopa- 
mine uptake remain to be elucidated, these results 
suggest that the anaesthetic carrier interactions 
exhibit some degree of specificity. 

By increasing dopamine in the synaptic cleft, 
block of dopamine uptake may favour inhibitory 
neurotransmission, as stimulation of the striatal 
dopamine D2 postsynaptic receptors results in 
hyperpolarization. These results suggest that dopa- 
mine uptake might represent a target for some, but 
not all, i.v. anaesthetics. 
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Myocardial extraction of bupivacaine in anaesthetized sheep and by 


hearts of sheep and rats in vitro 


H. Fotu, T. SCHRÖDER, B. Kraus, J. P. HERING, F. B. M. ENSINK AND G. HELLIGE 


Summary 


We observed the /n vivo kinetics of bupivacaine in 
the cardiopulmonary system, particularly in the 
pulmonary artery, the upper part of the descending 
aorta and the coronary sinus of anaesthetized sheep, 
each of which received a high dose infusion into 
the central vein. In some experiments dilution 
curves were monitored for the non-extracted dye, 
indocyanine green. Concentrations of bupivacaine 
were approximately 20% lower in the aorta than in 
the pulmonary artery. This gradient of bupivacaine 
was present across the lung for 5-10 min. Con- 
centrations of bupivacaine in the coronary venous 
plasma were also markedly lower than at the arterial 
site. Initially more than 50% of the amount of 
bupivacaine at the arterial site was removed by the 
heart. Later, the myocardial extraction ratio de- 
creased and plateaued at a value of 0.30-0.40. At 
this time, concentrations of bupivacaine in the 
pulmonary artery were approximately 12 pg ml. 
Therefore, approximately 0.3-0.6 mg of bupiva- 
caine were extracted per minute by the sheep heart 
in vivo, On the other hand, isolated perfused rat 
hearts did not substantially remove bupivacaine 
(2 ug mi) from the medium. Approximately one- 
third of '*C-bupivacaine was retained in slices of rat 
and sheep myocardial tissue. However, there was 
no evidence that metabolism played a substantial 
role in the cardiac kinetics of bupivacaine. (Br. J. 
Anaesth. 1996; 77: 257-264) 


Key words 


Anaesthetics local, bupivacaine. Liver, metabolism. Pharmaco- 
kinetics, bupivacaine. Rat. Sheep. Model, rat. Heart, isolated 
preparation. Lung. 


Amide-linked local anaesthetic drugs, such as bupi- 
vacaine, mepivacaine or prilocaine, are used widely 
for regional anaesthesia. Usually these drugs are 
injected extradurally at relatively high doses. Almost 
the whole amount of drug enters the circulation 
because the rate of degradation at the site of injection 
is negligible [1, 2]. Accordingly, these drugs reach 
relatively high concentrations in plasma which are 
close to those at which toxic effects are likely to occur 
{3, 4]. 

Adverse effects in the central nervous system, such 
as convulsions, may occur at concentrations which 
are 2—4-fold higher than those which are observed in 
the course of regional anaesthesia. On the other 
hand, cardiovascular functions are affected at higher 


concentrations than those which cause side effects in 
the central nervous system. The ratio between 
clinically effective doses and those producing non- 
fatal toxicity are not substantially different between 
commonly used local anaesthetics. However, cardio- 
toxic events with a fatal outcome appear to be 
associated with bupivacaine in particular [5, 6]. This 
feature of bupivacaine may be explained partly by 
pharmacokinetic properties such as disposition in 
the myocardial tissue. 

In this study we monitored concentrations of 
bupivacaine in vivo in the cardiopulmonary system, 
that is in the pulmonary artery, upper part of the 
descending aorta and coronary sinus. Bupivacaine 
was infused into the central vein at a relatively high 
infusion rate. In vitro experiments using perfused rat 
hearts or sliced myocardial tissue of rats and sheep 
were performed in order to determine if metabolism 
is important for the cardiopulmonary kinetics of 
bupivacaine. 


Materials and methods 
EXPERIMENTS ON SHEEP IN VIVO 


The experiments were approved by the appropriate 
governmental committee according to the Animal 
Protection Law. Adult sheep (body weight 45-97 kg) 
were anaesthetized with a continuous infusion of 
midazolam 0.25 mg kg min™ and buprenorphine 
0.01 mg kg™! min`. The trachea was intubated and 
the lungs ventilated artificially with 70% nitrous 
oxide in oxygen. A 7-French gauge cannula was 
inserted into the right atrium via the right jugular 
vein and into the upper part of the descending aorta 
via the femoral artery. The correct position of all 
catheters was verified by x-ray. A Morawitz cannula 
was inserted into the right jugular vein and 
positioned in the ostium of the coronary sinus where 
it was blocked to avoid mixed sampling of central 
venous and coronary venous blood. The tip of this 
cannula was directed 1 cm into the coronary sinus. 
The hemiazygos vein, which in sheep drains into the 
coronary sinus, was blocked by a Fogarty catheter. 
Blood from the coronary sinus (60-80 ml min™!/ 
100 g left ventricle) was directed into an external 
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Table 1 Description of the experimental design of the pharmacokinetic studies in sheep. *Pharmacokinetic data of 
short-lived experimental drugs were determined during the first experiment; each sheep received Urografin x-ray 
contrast medium to see if the catheters were placed correctly; "hind leg; ‘mild acidosis for 30 min; 4RR,,, = mean 
arterial pressure, HR = heart rate, HMV = heart minute volume 





Haemodynamic data? 
first experimental period 








ID Weight Sex Pre- . Post- 
No. (kg) (M/F) First drug RR, HR HMV RR, HR HMV Second drug 
118 48.0 F Untreated control 98 68 5.8 90 73 5.5 Bupivacaine 
149 55.0 F Local hyperthermia? 103 98 4.8 107 97 5.1 Bupivacaine 
168 85.0 F CO, and lactate 102 64 8.9 104 68 8.0 Bupivacaine 
acidosis? 
108 44.5 F SHU 508 95 83 7.6 100 80 8.1 Bupivacaine 
120 55.5 F SHU 508 119 68 6.3 115 66 6.8 Bupivacaine 
141 51.0 F R 80122 114 76 7.3 118 83 7.8 Bupivacaine 
169 76.0 F R 80122 137 80 8.9 141 77 8.2 Bupivacaine 
171 85.0 F R 80122 130 70 5.8 141 74 5.7 Lignocaine 
172 97.0 F R 80122 119 80 6.9 125 74 6.8 Lignocaine 
192 70.0 MO Organic nitrate, 132 63 4.2 132 62 4.3 Prilocaine 
papaverine 
intracoronary 











electromagnetic flow probe (501 D, Carolina Medical 
Electronics, Inc. King, NC, USA) and directed back 
from the extracorporeal catheter into the left jugular 
vein via a shunt (for further details see [7]). A 
thermodilution Swan-Ganz catheter (F7, Arrow Int. 
Reading, PA, USA) was inserted. Pulmonary arterial 
blood was obtained from a sampling port of this 
catheter. Cardiac output was measured by the 
thermodilution technique (BN 6560, August Fischer 
KG, Goettingen, Germany). At least two measure- 
ments were made and the mean value recorded. 
Additionally, other variables such as arterial pressure 
and electrocardiogram, plasma electrolyte, oxygen 
and lactate concentrations were recorded. 

The experiments were scheduled originally for 
studies on the intravascular distribution and 
pharmacodynamic properties of investigational 
drugs (see table 1), such as spontaneously degrading 
ultrasonic bubbles (experiments 108, 120) or 
inhibitors of phosphodiesterases (experiments 141, 
169, 171, 172). The ultrasonic bubbles SHU 508 are 
very short-lived because of their physicochemical 
instability and the inhibitor of phosphodiesterase, 
R80122, exhibits its pharmacodynamic action only 
for a short period of time. Flow measurements 
(Doppler sonography) were performed in exper- 
iment 192 after intra-coronary administration of 
organic nitrate and papaverine. Other experiments 
were performed to obtain reference values in controls 
(118) and in animals after transient mild hyper- 
thermia of the hind limb (experiment 149), or after 
transient lactate acidosis (experiment 168). There- 
fore, these animals received no investigational drugs 
before bupivacaine. When haemodynamic and other 
major clinical variables returned to stable baseline 
values, racemic bupivacaine, was infused into a 
catheter introduced into the central vein at a rate of 
0.2 mg kg! min. The tip of this tubing was 
positioned near the right atrium. In two experiments 
another infusion regimen was used: one sheep 
(experiment 108) received 0.05, 0.1, 0.2 and 0.4 mg 
kg" min™’ each for 10 min. Another animal was 
dosed with 0.1 mg kg! min`! for 0-30 min and 0.2 


mg kg! min“ for 30-45 min (experiment 118). In 
experiment 108, death occurred when the highest 
dose was administered. The other experiments were 
terminated by injection of potassium chloride. 

In some experiments (149, 168, 169 and 186) 
indocyanine green (ICG) 0.05 mg kg min” 
(approximately 80mg  Cardiogreen, Paesel, 
Frankfurt, FRG) was infused concomitantly with 
bupivacaine into the central vein just before the right 
atrium. Blood samples (5 ml) were obtained from the 
pulmonary artery, descending aorta and coronary 
sinus 1, 2, 5, 7, 10, 15, 20, 25 and 30 min after the 
start of infusion. Between the site of infusion and the 
first site of blood sampling, blood passed through the 
right atrium and ventricle. The plasma fraction was 
stored at —20 °C until analysis by HPLC. 


IN VITRO EXPERIMENTS 


Isolated rat hearts were obtained from male Wistar 
rats during urethane anaesthesia. The organs were 
prepared according to the Langendorff technique 
and were connected to the perfusion apparatus 
(Langendorff apparatus modified according to 
Schuler, Hugo Sachs Elektronik KG, March, Ger- 
many). The experiments were performed without an 
external pacemaker. The isolated rat hearts were 
perfused with oxygenated Krebs—Ringer—bicarbo- 
nate buffer supplemented with D-glucose 2 mg mJ! 
at a constant pressure of 52.5 mm Hg. Sham per- 
fusions were performed under identical conditions 
but without insertion of a rat heart. 

Sheep myocardial tissue was obtained from a local 
slaughterhouse. When the trachea-lung-heart system 
was removed from the animal, a 5-10-g specimen of 
the ventricle was obtained immediately and trans- 
ferred into ice-cold saline solution containing hep- 
arin 20 I.E. ml. Incubations of tissue slices were 
started approximately 1 h after the animal had been 
killed. Rat hearts were obtained from untreated male 
Wistar rats after neck dislocation and bleeding via an 
incision of the jugular vein. Slices of rat and sheep 
hearts of 0.5mm thickness (0.2 g wet tissue/ml) 


Myocardial and pulmonary extraction of bupivacaine 


were incubated in Krebs—Ringer—bicarbonate buffer 
or phosphate buffer (66 mmol litre" pH 7.4) supple- 
mented with bovine serum albumin 15 mg or D- 
glucose 1 mg ml. The tissue—buffer solutions (5-6 
mil) were incubated with #C-bupivacaine (gift from 
Astra, Sdédertalje, Sweden) 0.3 (rat) or 2 (sheep) ug 
mi~! in 25-ml Erlenmeyer vials under a continuous 
stream of carbogen. Ten samples, each 200 pl, were 
taken from the medium and stored at —20 °C until 
analysis by thin layer chromatography (TLC). 


ANALYSIS 


ICG kinetics were recorded spectrophometrically in 
plasma samples using an Eppendorf photometer 
2116 at a wavelength of 623 nm. Unlabelled bupi- 
vacaine was quantified by non-enantioselective 
HPLC, as described previously [8]. Briefly, the 
samples were spiked with internal standards (mepi- 
vacaine or pentacaine) and extracted with n-hexane 
under alkaline conditions. The organic extract was 
re-extracted into 100 pl of 50% H,PO, 0.2 mol 
litre7'-50 % n-hexane. A fraction of the acid layer 
(20 or 50 pl) was injected onto a 5-um NC phenyl- 
hypersil analytical column (Bischoff, Nettetal, 
FRG). HPLC was run at 1 ml min“ using a mobile 
phase of 60% acetronitrile40% H;PO, 0.01 mol 
litre7!, pH 3.3. UV absorbance was monitored at 214 
nm. The analytical limit of detection was approxi- 
mately 10 ng ml" for a 200-uy] sample. The variation 
of results for repeated analysis of low concentrations 
was 1.5-4.8 % (inter-day) and 1.1-3.7 % (intra-day). 

"C-labelled bupivacaine was extracted from the 
samples, as described above, with the exception that 
either n-hexane or dichloromethane was used. Bupi- 
vacaine and C-labelled products were separated 
on silica gel-coated plastic sheets by TLC 
in chloroform—methanoltriethylamine 20:1:0.1 
(v/v/v). The lanes were scanned by a TLC linear 
analyser LB 2842 (Berthold, Wildbad, FRG). Also, 
HPLC was applied to see if metabolites had been 
formed. 


CALCULATIONS AND STATISTICS 


Pulmonary and cardiac extraction ratios were calcu- 
lated from the concentration in the inflow, Ci that 
is pulmonary-—arterial or arterial plasma, and the 
outflow, Caw, that is arterial or coronary venous 


plasma, by 
(Cin ris Cou) / Ca 


The pharmacokinetic variables of bupivacaine 
elimination by isolated rat hearts, such as elimination 
half life (Tj) and steady state volume of distribution 
(V=) were calculated from the concentration vs time 
curve using a standard two-compartmental model 
assuming first-order elimination kinetics, as de- 
scribed previously [9]. The elimination rate constant 
(ka) was determined by linear regression analysis 
from the semi-logarithmic concentration vs time 
curve and volume of distribution was calculated 
from dose/Cp, the intercept of the second part of the 
semi-logarithmic concentration vs time curve ex- 
trapolated to time 0. 
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Results are given as arithmetic mean (SEM) or 
geometric mean (SEM), where indicated. Statistical 
analysis was performed either by a two-sided 
unpaired z test or by a paired z test (comparison of Cia 
and Coa) 


Results 
EXPERIMENTS IN VIVO 


Adult sheep (n = 10) were scheduled originally for 
experiments on pharmacokinetic and pharmaco- 
dynamic properties of investigational drugs, such as 
enhancers of the ultrasonic signal and phospho- 
diesterase inhibitors, or some experiments served as 
controls; when all variables had returned to baseline 
values a relatively high dose of bupivacaine 0.2 mg 
kg! min“ was infused into the central vein just 
before the right atrium for 30 min. Two sheep were 
studied at other infusion rates (see materials and 
methods). 

The time courses of plasma concentrations of 
bupivacaine in the pulmonary artery, upper part of 
the descending aorta and coronary sinus are shown 
in figure 1. At the end of infusion, plasma concen- 
trations were approximately 11 pg mi“ in the pul- 
monary artery and in the descending aorta (see tables 
3, 4). Although these concentrations are relatively 
high, impairment of cardiac functions was not 


20 A 149 
16 168 
10 
120 
5 169 











Bupivacaine concn (ug mr) 








Time (min) 


Figure 1 Concentrations of bupivacaine in the plasma of the 
pulmonary artery (A), upper part of the descending aorta (B) 
and coronary sinus (C) in anaesthetized female sheep. 
Bupivacaine was infused into the central vein at a rate of 0.2 mg 
kg` min`! over 30 min. The curves depict results from 
individual experiments. The curves without symbols refer to 
two pilot experiments where bupivacaine was administered 
using different rates of infusion. 
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Table 2 Haemodynamic variables for sheep during infusion of bupivacaine (B), lignocaine (L) or prilocaine (P). 
Conon = Concentration in the last arterial plasma sample; RR = mean arterial pressure (mm Hg), HR = heart rate 
(beat min-'), HMV = heart minute volume (litre) (first column = before start of all experiments) 


RR Time (min) 


ID Infusion rate Concn HR 


No. (mg kg~! min`’) (ug min“) HMV 0 

18 01 4.2 98 90 

(B) 68 73 
5.8 55 

149 0.2 12.3 103 107 

(B) 98 97 
48 5.1 

168 0.2 14.1 102 104 

(B) 64 68 
8.9 8.0 

108 0.05, 0.1, 4.6 95 100 

@Œ)  0.2,0.4 83 80 
10 min each 7.6 8.1 

120 0.2 7.1 119 115 

(B) 68 66 
6.3 6.8 

141 02 19.0 114 118 

(B) 76 83 
7.3 7.8 

169 0.2 7.1 137 141 

(B) 80 TI 
8.9 8.2 

171 02 7.1 130 141 

(L) 70 74 
5.8 5.7 

172 02 6.9 119 125 

L) 80 74 
6.9 6.8 

192 0.2 10.1 132 132 

Œ) 63 62 
4.4 4.3 


induced except in experiment 108 (dose-finding 
experiment) where fatal cardiac failure was intended. 
Cardiac arrest occurred 5min after setting the 
infusion rate to 0.4 mg kg min™!. In other cases, 
vascular resistance of coronary vessels was increased, 
which indicates that bupivacaine may affect myo- 
cardial perfusion under certain circumstances. All 
other variables, such as arterial pressure, heart rate, 
stroke volume and vascular resistance, were not 
markedly impaired (see table 2). 

Shortly after the start of infusion the concentration 
of bupivacaine in plasma samples from the 
descending aorta was lower than the corresponding 
value in the pulmonary artery. Thus there was a 
gradient of bupivacaine concentration across the 
lung which lasted 5-10 min. In contrast, concen- 
trations of indocyanine green were almost identical 
in these samples which indicates that only bupi- 
vacaine was retained by the lung. The fraction of 
pulmonary extracted bupivacaine was calculated 
from concentrations in paired samples from the aorta 
and pulmonary artery. The results are shown in the 
lower panel of figure 2 and table 3. Approximately 10 
min after starting the infusion, bupivacaine concen- 
trations were almost identical in blood samples 
obtained before and after the lung, thereby indicating 
that bupivacaine was extracted by the lung only for 
a short time. 

In our study we have obtained evidence that 
myocardial tissue may also be an important com- 
partment for the distribution of bupivacaine. 
Samples from the coronary venous outflow contained 





5 10 15 20 25 30 
89 90 86 86 94 90 
76 71 75 73 73 75 

5.3 5.6 5.6 5.6 5.7 5.6 

108 110 103 104 103 108 
94 102 96 94 94 96 
4.8 5.3 5.1 4.9 4.9 5.1 
106 100 103 107 101 99 
70 67 65 65 66 67 

8.0 8.4 8.0 7.9 7.7 8.1 
97 95 101 99 99 101 
84 83 83 79 79 82 

8.3 8.2 7.7 8.0 8.3 7.8 

113 117 110 113 113 113 
68 64 63 66 68 63 
7.1 6.6 7.0 6.7 6.7 6.9 
118 116 113 122 113 112 
86 82 85 81 87 84 
7.4 7.4 8.0 7.6 7.1 7.7 
147 146 141 137 137 143 
80 78 73 80 77 78 
8.3 8.3 8.4 8.5 8.6 8.1 
137 137 142 140 138 141 
71 73 TT 75 75 71 
5.8 5.6 5.7 5.6 5.5 5.7 
131 120 122 129 124 126 
75 71 72 75 76 72 
6.8 7.1 6.8 6.6 7.0 6.8 
136 127 130 138 135 136 
64 63 61 64 62 65 
4.4 4.2 4.5 4.5 44 4.4 


Extraction ratio (%) 








0 10 20 30 
Time (min) 


Figure 2 Extraction of bupivacaine by the heart and lung of 
anaesthetized sheep. Myocardial and pulmonary extraction 
ratios ((C,, — Coar)/ Cm) of bupivacaine (@) and indocyanine 
green (ICG) (O) in female sheep are given as arithmetic mean, 
SEM (n = 5). ICG was infused concomitantly to bupivacaine in 
three experiments (149, 168, 169) and in one additional 
experiment (186) without administration of local anaesthetic, 


Myocardial and pulmonary extraction of bupivacaine 
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Table 3 Concentration gradient of local anaesthetics across the lung and heart in adult sheep in vivo. Results of 
individual experiments are shown; rate of infusion 0.2 mg kg™! min`! for 30 min with the exception of *108, 118 
(see table 2 and Materials and methods for details). B = bupivacaine, L = lignocaine, P = prilocaine. 
“Concentration below limit of detection; "No sample available; “Sample obtained at 40 min. 








Time (min) 
- Last 
2 5 10 15 20 25 30 sample 
(Cin — Con)/Cia Cpa (ug mi~’) 
Lung 
118(B)* b b b ' b b b b b 
149@) (1.007 0.17 0.07 —0,10 0.22 —0.12 0.32 18.2 
168 (B) 0.22 0.23 0.04 0.10 0.02 0.05 0.00 14.1 
108 (B)* b b . b’ b b b b b 
120 (B) 0.21 -0.06 0.26  —0.30 0.02  —0.09 b 6.5 
141 B) 0.25 0.12  —0.14  —0.22 0.07  —0.03 b 19.6 
169 (B) 0.14 0.02 0.13 0.05 0.23 —041  —1.02 3.5 
171) 0.28 0.12  —0.28 0.08 —0.31 0.17 1.42 3.2 
172(L) 0.10 0.09  —0.38  —0.15 0.02  —0.35 —1.29 3.0 
192 Œ) b b b b b b b b 
Heart C, (ug ml") 

118(B)* b 0.26 0.23 0.13 0.28 0.35 b 0.27° 4.2 
149 (B)  (1.00} 0.39 0.30 0.38 0.23 0.10 0.24 12.3 
168 (B) 0.80 0.52 0.42 0.33 0.26 0.30 0.31 14.1 
108 (B)* 0.73 0.58 0.67 0.36 0.34 0.48 0.43 4.6 
120(8) 0.81 0.65 0.57 0.45 0.23 0.63 b 71 
141 B) 0.61 0.35 0.37 0.27 0.42 0.49 b 19.0 
169 (B) 0.47 0.37 0.26 0.31 0.24 0.38 0.39 7.1 
171 (L) 0.89 0.59 0.45 0.39 0.22 0.25 0.31 7.1 
172 (L) (1.00} 0.14 0.06 —0.13 0.25 0.18 0.31 6.9 
192(P) 0.85 0.79 0.11 0.14 0.15 0.50 0.20 10.1 


Table 4 Myocardial disposition of bupivacaine and lignocaine in female sheep. Values are arithmetic mean (SE) 
(individual results are shown in fig. 1) or mean of two experiments. "Experiments performed at an infusion rate of 
0.2 mg kg™! min™! (except 108, 118). b = below limit of detection. Extraction ratio = (C, — Cw) x 100; rate of 
uptake = (C,—C,,) x coronary blood flow. *P < 0.05 C,, us Con (paired z test) 





Time (min) 
2 5 10 15 20 25 30 
Bupivacaine (n = 5)" 
C, (ug mi~’) 2.3 (0.8) 40(06) 5.704)  7.3(1.3) 88(1.8) 11.8(2.1) 11.2 (1.6) 
Ca (ug mi’) 0.8 (0.3)* 22(04)* 3.60.7)* 48(0.9* 6.2 (1.1)* 75(1.6)*  7.8(1.3)* 
Extraction ratio (%) 67 (8) 46 (6) 38 (5) 35 (4) 28 (4) 38 (9) 32 (4) 
Rate of uptake 
(mg min~!) 0.28 (0.08) 0.26 (0.05) 0.33 (0.07) 0.37 (0.06) 0.39(0.12) 0.65 (0.20) 0.51 (0.08) 
(mg min`?) 
Lignocaine (n = 2) 
Cin (ug ml) 3.0; 6.4; 5.35 7.6; 7.0; 6.7; 7.8; 
3.0 4.3 5.8 5.3 6.0 6.5 6.9 
Cov (Hg mI) 0.3; 2.6; 2.9; 4.7; 5.4; 5.0; 5.4; 
b 3.7 5.4 5.9 4.5 5.4 4.8 
Extraction 95 37 26 13 24 22 31 
Rate of uptake 0.42 0.51 0.21 0.17 0.23 0.21 0.34 
(mg min™!) 


much less bupivacaine than corresponding samples 
from the arterial site of circulation (fig. 1, tables 3, 
4). Immediately after the start of infusion the 
arteriovenous difference of bupivacaine concen- 
tration across the heart reached almost 80% of the 
level at the arterial site (fig. 2). Afterwards the 
gradient of bupivacaine concentration decreased and 
finally plateaued at approximately 30-40 %. On the 
other hand, indocyanine green was present in these 
samples in almost identical concentrations. Thus it 
must be assumed that bupivacaine was subjected to 
substantial first-pass extraction by sheep hearts in 
vivo. Other experiments with indocyanine green but 
without bupivacaine confirmed that the kinetics of 


indocyanine green which were monitored on-line 
with a fibreoptic system, were not different at our 
sampling sites (results not shown). 

Similar results concerning myocardial extraction 
of drugs were obtained in experiments 171, 172 and 
192 where other local anaesthetics, lignocaine and 
prilocaine, were used (see table 3), The extraction 
ratios of lignocaine and prilocaine appeared to be 
lower compared with bupivacaine. However, further 
studies are needed to assess if the rate of myocardial 
extraction is different for these local anaesthetic 
drugs. 

It is unlikely that the experiments performed 
before infusion of these drugs substantially affected 
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Table 5 Kinetics of bupivacaine in isolated perfused rat heart. 
Values are arithmetic mean (SEM). The perfusion experiments 
were carried out in a Langendorff perfusion apparatus using 
bupivacaine 2 ug mi). C,max = Highest observed plasma 
concentration after reaching equilibrium; C,end = 
concentration at end of experiments. T; = elimination half-life; 
V* = volume of initial distribution, calculated from the dose 
and the intercept of the second part of the semi-logarithmic 
concentration vs time curve extrapolated to time 0 














Perfused heart Sham perfusion 
(n = 9) (n = 5) 
C,max (ug mi~!) 2.1 (0.1) 1.9 (0.1) 
C,end (ug mi~!) 1.8 (0.1) 1.9 (0.1) 
Ty(min) 647 (44) 1482 (222) 
(ml) 49.2 (1.7) 51.1 (1.9) 
Rat 
0.344 
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Figure 3 Time course of bupivacaine (@) and total 
radioactivity (O) in the medium of incubated slices of 
myocardial tissue. Slices of rat (n = 5) and sheep (n = 4) hearts 
were incubated in vitro (0.2 g organ/ml) with 14C-labelled 
bupivacaine 0.3 or 2 pg ml~!, The results of a single experiment 
with sheep liver slices are included (W = bupivacaine). 


the pharmacokinetic fate of bupivacaine, lignocaine 
or prilocaine. All experiments showed almost the 
same effect, although the animals underwent a very 
different programme and some served as controls. 


EXPERIMENTS IN VITRO 


In order to evaluate if substantial cardiac extraction 
of bupivacaine can also be confirmed in vitro using 
organs from small laboratory animals, we studied the 
kinetics of bupivacaine in the Langendorff prep- 
aration of isolated rat hearts. Bupivacaine was 
administered to the isolated organs in an initial 
concentration of 2 ug ml’ which corresponds to a 
dose of approximately 100 ug/g of organ. The time 
course of bupivacaine concentrations in the medium 
of isolated perfused rat hearts was almost identical to 
the reference curve of sham perfusions (table 5). The 


British Journal of Anaesthesia 


latter experiments were carried out using the same 
Langendorff perfusion apparatus but without the 
isolated organ in order to examine the influence of 
spontaneous hydrolysis and absorption by the tubing 
material. 

Slices of rat or sheep hearts were incubated with 
4C-labelled bupivacaine 0.3 (rat) or 2 (sheep) pg 
mi"! in vitro. Under these circumstances the total 
load was approximately 1.5 or 10 pg of drug/g of 
organ. The concentration of bupivacaine in the 
medium decreased substantially during the first 30 
min of incubation which indicates that this com- 
pound was bound to tissue proteins (see fig. 3). This 
tissue-bound fraction accounted for approximately 
30-50% of the total amount of bupivacaine. How- 
ever, we did not obtain convincing evidence that 
slices of myocardial tissue of rats or sheep 
metabolized bupivacaine in vitro. In contrast with 
sheep hearts, slices of sheep liver metabolized “C- 
bupivacaine very effectively im vitro (see fig. 3, 
results of a single experiment are shown). 


Discussion 


Under normal clinical conditions, maximum plasma 
concentrations of amide-linked local anaesthetics are 
relatively close to the margin of safety with respect to 
toxicity [1, 3, 5, 10-12]. Although it is generally 
believed that the therapeutic index is not sub- 
stantially different between lignocaine, mepivacaine, 
prilocaine and bupivacaine, it has been suggested 
that bupivacaine in particular may be associated with 
serious cardiac toxicity [5,6]. In particular, ap- 
propriate observations were reported when highly 
concentrated solutions of bupivacaine had been used. 
If it is true that the side effects of bupivacaine carry 
a higher cardiotoxic risk compared with other com- 
pounds, this effect may be partly explained by the 
pharmacokinetic features of this compound, that is a 
high degree of protein binding and persistence 
within the tissue because of its long elimination half- 
life. Our experiments were undertaken in order to 
evaluate the disposition of bupivacaine in the 
cardiopulmonary system of sheep in vivo. 

We achieved relatively high systemic concen- 
trations of bupivacaine in anaesthetized sheep under- 
going artificial ventilation. These concentrations 
exceeded the values of acutely toxic concentrations 
reported from other studies [6]. However, cardiac 
functions (stroke volume, arterial pressure, ECG) 
were not seriously impaired in most of our experi- 
ments. 

For a short period of time we measured an 
“arteriovenous” gradient of bupivacaine concen- 
tration across the lung. The difference in con- 
centration was highest immediately after the start of 
infusion and was decreased to almost 0 within 15 
min. Thus it may be assumed that initially con- 
siderable amounts of bupivacaine were removed 
from the blood during its passage through the lung. 
However, this filtering effect of the lung was only 
short-lived. Similar observations were made for 
bupivacaine and prilocaine in isolated perfused lungs 
of rabbits and rats [13-15]. This feature of sheep 
lung concerning the kinetics of bupivacaine is similar 


Myocardial and pulmonary extraction of bupivacaine 


to our findings in a clinical study in patients 
undergoing extradural anaesthesia [16]. It is likely 
that pulmonary first-pass extraction of bupivacaine 
is caused mainly by binding to tissue proteins and 
that this process is limited by the capacity of binding. 
It must be assumed that the rate of metabolic 
elimination of local anaesthetics by the lung is very 
small. Accordingly, most of the extracted drug is 
released by the lung into the blood stream and is 
finally degraded by metabolism at extrapulmonary 
sites. 

The gradient of bupivacaine concentrations be- 
tween arterial and coronary venous plasma indicates 
that the sheep heart may have a substantial influence 
on the pharmacokinetic effect of bupivacaine. This 
cardiac filter effect was relatively high immediately 
after the start of infusion. Within the following 10 
min the difference in bupivacaine concentration 
across the heart decreased to approximately 50% of 
initial values. This might be caused by capacity- 
limited binding to the tissue. However, afterwards 
the cardiac extraction ratio of bupivacaine plateaued 
at approximately 30-40% of the amount which is 
present in the arterial inflow. This kinetic feature of 
bupivacaine, verified in the sheep heart, is remark- 
able, particularly as the ratio remained stable 
although systemic concentrations of bupivacaine still 
increased. 

We cannot fully exclude the fact that the ex- 
perimental design before infusion of bupivacaine 
may have interacted with the disposition of bupi- 
vacaine in the cardiopulmonary system. However, 
we do not believe that these substrates substantially 
affected the kinetics of bupivacaine for the following 
reasons: all important variables had returned to 
baseline levels when bupivacaine was administered. 
In some experiments only short-lived ultrasonic 
bubbles were injected, which are small vesicles 
prepared from galactose and filled with air. These 
compounds had been completely degraded before 
bupivacaine was infused. Other animals received 
inhibitors of phosphodiesterase which are pharmaco- 
logically active only for a short time. For both types 
of experiments each animal served as its own 
reference in order to compare different dosing rates 
or different injection sites with each other. This 
design has been accepted by others [17, 18]. Other 
experiments were undertaken in order to obtain 
reference values for haemodynamic variables in 
untreated controls or in animals which underwent 
mild local hyperthermia or short-term acidosis 
induced by carbon dioxide or lactate. Therefore, our 
results were obtained in three different groups of 
“second-hand” animals which received (a) investi- 
gational drugs, (b) local hyperthermia or acidosis for 
a short time or (c) were untreated controls. There- 
fore, we believe that these different categories of 
basic experiments did not have a substantial 
influence on the kinetics of bupivacaine as we 
obtained almost the same results for all animals. 

We cannot definitively answer the question of 
whether or not other amide-linked local anaesthetics 
undergo high cardiac extraction in sheep. Never- 
theless, from the results of the two experiments 
where lignocaine was used, we would expect that 
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cardiac extraction of lignocaine does occur. How- 
ever, it might be considerably lower than that of 
bupivacaine. Contrary to our results in sheep, 
elimination of bupivacaine by perfused rat hearts 
was negligible. The time course of bupivacaine 
concentrations in the medium of isolated hearts 
was almost identical to the course obtained for 
sham perfusions. The elimination half-lives largely 
exceeded the perfusion time in both cases. Therefore 
the differences between the elimination half-lives of 
bupivacaine in isolated hearts and those in sham 
controls are not important. 

In contrast, bupivacaine was bound substantially 
to the incubated myocardial tissue of rats and sheep. 
However, only approximately 0.54 ug of '4C- 
labelled bupivacaine was retained per gram of sliced 
myocardial tissue in vitro. This is much less than the 
amount which is removed by sheep hearts in vivo. 
Altogether, neither rat hearts nor sheep hearts 
exhibited substantial metabolism of bupivacaine in 
vitro. 

In conclusion, the risk of bupivacaine in inducing 
fatal cardiotoxicity may be related to the pharmaco- 
kinetic properties of this compound. Bupivacaine is 
taken up from the blood stream by sheep hearts at a 
large fraction of 0.3-0.4, even at high plasma 
concentrations. The driving force by which bupi- 
vacaine is removed by the myocardial tissue of sheep 
in vivo was unclear until now. From the results of 
our în vitro experiments we suggest that metabolism 
is not important, but that binding to the tissue is a 
main process leading to first-pass extraction of 
bupivacaine. However, it is unlikely that this effect 
fully explains how the concentration differences are 
established between the aorta and coronary sinus, 
because the extraction ratio remained high for a long 
time (at lest 30min) although bupivacaine was 
infused continuously and the drug load to the 
myocardial tissue was thus increasing. Another 
explanation is that bupivacaine may be drained 
substantially by the lymph flow of hearts because 
this drug is highly lipophilic and cardiac lymph flow 
is an important process for the myocardial tissue. 
But if this were true, we would expect that this effect 
should also be detected in the lung. 
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SHORT COMMUNICATIONS 





Nitrous oxide produces a non-linear reduction in thiopentone 


requirements 


T. KATOH AND K. IKEDA 


Summary 


We studied 88 healthy, ASA! patients (aged 
20—45 yr), to determine if nitrous oxide affects 
thiopentone requirements for achieving 50% prob- 
ability of no movement in response to verbal 
commands (Cp). Patients were allocated ran- 
domly to one of four nitrous oxide concentration 
groups (0%, 20%, 40% and 60%). Patients in each 
group were also allocated randomly to receive 
predetermined target plasma concentrations of 
thiopentone. Computer-controlled continuous in- 
fusion was used to maintain the target plasma 
thiopentone concentration, and this concentration 
was held constant for 6 min to ensure equilibration. 
The Cpego value of thiopentone in the absence of 
nitrous oxide was 14.8 ug mi~. The reduction in 
Cpso by nitrous oxide was non-linear, and the 
interaction coefficient between nitrous oxide and 
thiopentone was significantly smaller than zero 
(P = 0.0274), indicating that nitrous oxide antag- 
onized the ability of thiopentone to prevent re- 
sponse to verbal commands. (8r. J. Anaesth. 1996; 
77: 265-267) 


Key words 


Anaesthetics gases, nitrous oxide. Anaesthetics i.v., thiopentone, 
Potency, anaesthetic. 


General anaesthesia is often performed with a com- 
bination of inhalation and i.v. anaesthetics. When 
nitrous oxide is used in combination with thiopen- 
tone alone, intraoperative awareness is sometimes 
observed [1]. After a single dose of thiopentone, 
blood concentrations decrease exponentially. How- 
ever, because of hysteresis between blood and brain 
concentrations, blood concentration is not a good 
predictor of brain concentration, and thus bolus 
administration of thiopentone does not permit its 
interactions with other drugs to be evaluated 
accurately. By using a pharmacokinetic model- 
driven computer-controlled infusion pump, it is 
possible rapidly to achieve and maintain a constant 
plasma concentration of thiopentone. Blood concen- 
trations obtained while maintaining the plasma 
concentration stable can be used to undertake studies 
on the interactions between nitrous oxide and 
thiopentone. The aim of this study was to assess 
accurately the effects of nitrous oxide on the plasma 
concentration of thiopentone required to achieve a 


50% probability of no movement in response to 
verbal commands (Cp59). 


Methods and results 


After obtaining the approval of the local Ethics 
Committee and informed consent, we studied 88 
patients of both sexes, ASA I, aged 20-45 yr, under- 
going elective surgery. Patients did not receive 
premedication. An arterial cannula was inserted in 
the radial artery for blood sampling. 

The 88 patients were allocated randomly to one of 
four groups. Patients in group 1 received no nitrous 
oxide, while those in groups 2, 3 and 4 received end- 
tidal concentrations of 20%, 40% and 60%, re- 
spectively. Patients in each group were also allocated 
randomly to receive predetermined target plasma 
concentrations of thiopentone. Thiopentone was 
infused using a computer-controlled infusion pump. 
Pharmacokinetic simulation and infusion algorithms 
made it possible rapidly to obtain and then maintain 
the target plasma concentration. The microcomputer 
was programmed with the thiopentone kinetic par- 
ameter set reported by Avram, Krejcie and Henthorn 
[2]. 

In group 1, patients breathed 100% oxygen 
throughout the study. In groups 2, 3 and 4, nitrous 
oxide was administered to achieve end-tidal concen- 
trations of 20%, 40% and 60%, respectively. All 
patients breathed through a face mask connected to 
a semiclosed anaesthetic circuit. Concentrations of 
nitrous oxide, carbon dioxide and oxygen were 
measured continuously using an infrared anaesthetic 
gas analyser (Capnomac Ultima, Helsinki, Finland). 
In groups 2, 3 and 4, nitrous oxide was introduced 
after the patient had breathed 100% oxygen for 
3 min. In group 1, thiopentone infusion was started 
3 min after the start of oxygen, and in groups 2, 3 
and 4, thiopentone infusion was started after the 
specified end-tidal nitrous oxide concentration had 
been maintained for more than 5 min. Infusion was 
regulated to maintain the target thiopentone con- 
centration. At 5 min after the start of infusion, blood 
samples were obtained for measurement of thio- 
pentone concentrations. At 10 min, patients were 
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asked to open their eyes and blood samples were 
obtained. The patient’s response to verbal command 
was recorded as positive or negative, with slight 
movement of the eyelids considered a negative 
response. 

Plasma was separated immediately from blood and 
total plasma thiopentone concentrations were 
measured as soon as possible, usually within 4h, 
using a high pressure liquid chromatographic assay 
with a sensitivity of 100 ng mit. To ensure that 
stable plasma concentrations of thiopentone was 
maintained throughout infusion, the 5-min samples 
were compared with the 10-min samples. The mean 
concentration of the 5-min and 10-min samples was 
used for statistical analysis only if the concentration 
in the 5-min sample was within +30 % of that in the 
10-min sample. 


STATISTICAL ANALYSIS 


The Cp 59 of thiopentone, and its reduction by nitrous 
oxide, were evaluated using the following multiple 
independent variable logistic regression model: 


P(no response) = ine 


Z= Bo + By X: +B2X2+ B2 X, X: 


where X, = measured plasma concentration of 
thiopentone, X, = end-tidal nitrous oxide concen- 
tration, P= regression intercept constant, ĝB, = 
coefficient for thiopentone, B, = coefficient for ni- 
trous oxide and B,, = coefficient for the product of 
the measured thiopentone and end-tidal nitrous 
oxide concentrations (interaction coefficient). The 
likelihood ratio test was applied to determine the 
independent variables to be removed from the model. 
Cp so for a given end-tidal nitrous oxide concentration 
was determined by setting the probability of no 
response to 0.5 and solving for thiopentone con- 
centration as a function of the end-tidal nitrous oxide 
concentration as follows: 


_ —(Bo+ Be X2) 
ai Bi + Bir X, 


Although a total of 88 patients were enrolled in the 
study, nine patients were excluded from the sub- 
sequent analysis because the measured thiopentone 
concentrations before and after verbal command 
were not within + 30%. In addition, one patient was 
eliminated from the study because of severe ex- 
citatory phenomena and vomiting. Thus the results 
of 78 patients are presented. This group included 48 
men and 40 women with a mean age of 36 (range 
20—45) yr and mean body weight of 56 (42~78) kg. 

The logistic model was fitted to 78 data sets of 
observed response, measured plasma thiopentone 
concentration and end-tidal nitrous oxide concen- 
tration. The Cp, of thiopentone in the absence of 
nitrous oxide was 14.8 ug ml“. None of the three 
independent variables was removed from the model 
by the likelihood ratio test. The interaction coef- 
ficient B, was significantly smaller than zero (P = 
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Figure 1 Plasma thiopentone concentration vs end-tidal 
nitrous oxide concentration for each patient. Each point 
represents the positive (movement (x )) or negative (no 
movement (0)) response for an individual patient. The line 
represents the maximum likelihood (logistic regression) solution 
for the reduction in Cp s of thiopentone by increasing 
concentrations of nitrous oxide. 


0.0274). The reduction in the Cp so of thiopentone by 
nitrous oxide is presented in figure 1. 


Comment 


The Cps of thiopentone alone was found to be 
14.8 ug ml. The Cps value determined in this 
study was almost identical to that obtained by Hung 
and colleagues using a similar technique [3]. The 
effect of nitrous oxide on the Cp s of thiopentone has 
not been documented previously. Nitrous oxide, 
however, has been shown to reduce the MAC wake for 
isoflurane in a dose-dependent manner, with the 
MAC, ae reported as 67% [4]. Thus, 20%, 40% 
and 60% nitrous oxide should correspond to 
MAC, a. fractions of 0.3, 0.6 and 0.9, respectively. 
In a previous study, when nitrous oxide was 
administered together with isoflurane at an end-tidal 
concentration of 40%, the MAC,,,,. value for the 
combination of isoflurane and nitrous oxide was 18 
(SEM 4) °% greater than the value expected for simple 
additivity of the two agents [4]. This result indicates 
that the two anaesthetics are antagonistic with regard 
to this effect. We found that nitrous oxide reduced 
the Crs in a dose-related manner. The interaction 
coefficient between thiopentone and nitrous oxide 
was significantly smaller than zero, indicating that 
nitrous oxide had a non-linear effect on reducing 
thiopentone requirements and that thiopentone 
requirements were greater than would be expected 
for simple additivity. Nitrous oxide appears to 
antagonize the ability of thiopentone to prevent 
responses to verbal commands. This may be caused 
by the ability of nitrous oxide to stimulate sym- 
pathetic activity. Hankala and co-workers found 
EEG evidence that nitrous oxide opposed the central 
nervous system depression produced by isoflurane 
[5]. Although there have been no reports that nitrous 
oxide reverses the central nervous system depression 
produced by thiopentone, this may offer a possible 
explanation for our findings. 

In conclusion, nitrous oxide produced a non- 
linear reduction in thiopentone requirements for 


Effect of N,O on thiopentone requirements 


preventing response to verbal commands and the 
reduction was smaller than would be expected for 
simple additivity at low concentrations. 
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Evaluation of two warming systems after cardiopulmonary bypass 


E. L. JANKE, S. N. PILKINGTON AND D. C. SMITH 


Summary 


We have compared the Thermomat electric under- 
mattress (JMW Systems, Edinburgh, UK) and the 
Bair Hugger (Augustine Medical, Courtelary, 
Switzerland) forced-air warming blanket in 30 adult 
patients after cardiac surgery. All patients were 
warmed to an oesophageal temperature of 38 °C 
before termination of cardiopulmonary bypass 
(CPB); those with oesophageal temperatures 
< 35.5 °C at skin closure were allocated randomly 
to be rewarmed in the intensive care unit either on 
the Thermomat (n = 15) or under the Bair Hugger 
blanket (9 = 15), at their highest settings. Oeso- 
phageal and lateral thigh skin temperatures were 
recorded every 15 min for 4h. There was a sig- 
nificantly faster increase in core temperature (0.5 vs 
0.75 °C h“; P < 0.0002) and skin temperature 
(0.86 vs 1.3°C ht; P < 0.001) in the Bair Hugger 
group. However, there was no difference in the 
number of patients who reached a core temperature 
of 36 °C (15 Bair Hugger, 14 Thermomat) or 37 °C 
(11 Bair Hugger, seven Thermomat), or in the 
number of patients who reached a skin temperature 
of 37 °C in 4 h (four Bair Hugger, one Thermomat). 
Twelve patients in the Bair Hugger group reached a 
skin temperature of 36 °C compared with two in the 
Thermomat group (P < 0.001). The Bair Hugger 
warmed faster than the Thermomat both centrally 
and peripherally, and warmed more patients to a 
core temperature of 37 °C in 4 h, but did not reduce 
the time to tracheal extubation or alter important 
clinical aspects of postoperative course. (Br. J. 
Anaesth. 1996; 77: 268-270) 


Key words 


Temperature, monitoring. Monitoring, temperature. Equipment, 
warming devices. Surgery, cardiovascular. Heart, cardio- 
pulmonary bypass. 


A decrease in temperature after cardiopulmonary 
bypass (CPB) is common; adequate rewarming may 
be difficult to achieve despite active intraoperative 
warming [1-3]. Residual hypothermia may delay 
drug clearance, impair coagulation and cause haemo- 
dynamic instability [4,5]. We hypothesized that a 
forced-air convective system, such as the Bair 
Hugger, is a better means of warming adult patients 
after CPB in the intensive care unit (ICU) than a 
heated electric undermattress such as the 
Thermomat, which warms by conduction. This 
study was designed to determine if the Bair Hugger 
warming blanket is more effective than the 


Thermomat warming mattress in rendering adult 
patients normothermic who are hypothermic on 
arrival to the ICU after CPB. 


Methods and results 


After obtaining approval from the hospital Ethics 
Committee, we studied 30 adult patients with normal 
to moderately impaired left ventricular function 
undergoing hypothermic CPB for elective cardiac 
surgery. Premedication comprised a benzodiazepine 
and opioid; anaesthesia was induced with fentanyl 
20-30 ug kg}, and midazolam 1-10 mg or thiopen- 
tone 25-100 mg, or both, and pancuronium was 
administered to provide neuromuscular block. 
Patients’ lungs were ventilated with oxygen-enriched 
air ( + isoflurane before bypass) with a heat—moisture 
exchanging filter; propofol 1-2 mg kg™ was infused 
during CPB to maintain anaesthesia. Oesophageal 
(heart) and nasopharyngeal (brain) temperatures 
(Mon-a-therm General Purpose Critical Care Tem- 
perature Probes, Mallinckrodt Medical, Inc., 
Northampton, UK) were measured continually dur- 
ing operation. All patients were warmed actively to 
both oesophageal and nasopharyngeal temperatures 
of at least 38 °C before termination of bypass, using 
warm perfusion and a heated water mattress. Oeso- 
phageal temperature was used thereafter to measure 
core temperature, consistent with routine practice in 
our ICU. Patients with oesophageal temperatures 
< 35.5 °C at skin closure were allocated randomly to 
be rewarmed in the ICU either covered with a sheet 
and a cotton blanket, lying on the Thermomat mat- 
tress set at 41 °C (its highest setting) or using the Bair 
Hugger set on ‘‘high”’ (43 °C), placed directly on the 
patient and covered with a sheet and cotton blanket. 
Core and peripheral (skin, lateral aspect of thigh; 
Mon-a-therm, Mallinckrodt Medical, as above) 
temperatures were recorded every 15 min for 4h or 
until normothermia (oesophageal temperature 37 °C) 
was achieved. The presence or absence of gross 
shivering, blood loss in the first 4h and time to 
extubation were recorded. Sample size was de- 
termined by power analysis; 30 patients were 
required to detect a clinically relevant difference (one 
method warming patients to 36 °C core temperature 
lh faster than the other) with an 80% power of 
achieving a statistically significant result at the 5% 
level. The two sample £ test was used to compare 
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Figure 1 Comparison of changes in mean core temperature (left) and mean skin temperature (right) between the 
Bair Hugger group (O) and Thermomat (@) groups (mean, SD). 


parametric data and rates of oesophageal and skin 
warming in each group. The chi-square test with 
Yates’ correction was applied to compare non- 
parametric data. P < 0.05 was considered statisti- 
cally significant. 

There were no differences between the two groups 
in patient characteristics, treatment with inotropes 
or vasodilators, or incidence of postoperative 
shivering (two of 15; 13%). There was no difference 
in mean oesophageal temperature (34.8 °C for the 
Thermomat group, 34.4°C for the Bair Hugger 
group; P = 0.051) or mean skin temperature (31.6 °C 
for the Thermomat group, 31.9°C for the Bair 
Hugger group; P = 0.5) on arrival in the ITU, or a 
difference in core-to-skin temperature gap (3.2 °C 
for the Thermomat group, 2.5°C for the Bair 
Hugger group; P = 0.1). 

The number of patients reaching core tempera- 
tures of 36 °C (15 in the Bair Hugger group, 14 in the 
Thermomat group; 0.2 > P > 0.1) and 37 °C (11 in 
the Bair Hugger group, seven in the Thermomat 
group; 0.1>P> 0.05), was not significantly 
different. Only two patients in the Thermomat 
group reached a skin temperature of 36 °C compared 
with 12 patients in the Bair Hugger group (P < 
0.001). There was no difference in the number of 
patients who reached a peripheral temperature of 
37°C within 4h (one patient in the Thermomat 
group, four patients in the Bair Hugger group; 0.2 > 
P > 0.1). The mean rate of core temperature increase 
was 0.5 °C h™ for patients in the Thermomat group 
and 0.75°C h™ in the Bair Hugger group (P < 
0.0002). The mean rate of increase in skin tem- 
perature was 0.86 °C h~! for the Thermomat group 
and 1.3°Ch™ for the Bair Hugger group (P < 
0.001). A comparison of mean temperatures for each 
group over time is shown in figure 1. 


Comment 


Patients undergoing CPB are unique in that inten- 
tional systemic hypothermia occurs with an open 
chest cavity; for part of this time the lungs are not 


ventilated and the heart is actively cooled separately. 
Even with aggressive central and peripheral 
warming, there is ongoing heat loss after bypass, 
during wound closure and transport to the ITU. 
Subsequent temperature equilibration between the 
core and periphery may result in a decrease in core 
temperature, sometimes rapidly. Behavioural and 
physiological responses to hypothermia are often 
undesirable in cardiac patients and may be ablated in 
the ITU by residual anaesthetic agents, vasodilators, 
sedation and neuromuscular block. Shivering may 
be intentionally abolished because it increases the 
body’s oxygen demand by 400-500 % [6]; it may also 
promote respiratory acidosis from increased carbon 
dioxide production. Ordinarily, spontaneous 
arrhythmias are not seen until core temperature has 
decreased to approximately 33 °C. In patients who 
have had open heart surgery, ischaemia, acid—base or 
electrolyte abnormalities, or other co-existing 
factors, may contribute to myocardial irritability. 
Other physiological changes associated with hypo- 
thermia such as altered blood-gas transport, 
increased blood viscosity and mental status changes, 
do not occur until reductions in body temperature 
are extreme [4]. 

Conductive heat transfer occurs by direct contact 
between objects; in the intraoperative period, heat is 
lost in this way to the operating table and underlying 
wet sheets, cool i.v. fluids and irrigating solutions. 
The heat supply of a warming mattress (a conducting 
surface) is limited by skin conductance, temperature 
gradient and contact area. To prevent burns, a sheet 
is usually interposed between the mattress and the 
patient, interfering with heat transfer. Additionally, 
peripheral vasoconstriction may further reduce the 
effectiveness of a warming mattress as a heat 
exchanger. A warming mattress can be warmed on 
the bed before the patient is transferred to it, but 
removal of the warming mattress from under the 
patient can be cumbersome. However, the mattress 
may stay in place during most routine postoperative 
care in the ICU. Convective heat exchange involves 
the direct transfer of energy by collisions between 
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body surface molecules and moving air molecules. 
Air velocity, ambient temperature and surface area 
are its main determinants. The forced-air warming 
mattresses currently available are lightweight and 
easy to use, although they are often partially removed 
or displaced in the ICU for certain aspects of care, 
potentially decreasing their effectiveness as a means 
of warming. 

Although our study showed a faster rate of both 
core and peripheral warming by the Bair Hugger, 
there was no difference in the time to tracheal 
extubation or in the overall nature of the post- 
operative course between the two groups. This 
suggests that both a heated electric undermattress 
and a forced-air warming blanket are appropriate 
methods of warming hypothermic patients after 
bypass in the ICU. 
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Calcium homeostasis during i.v. infusion of 1.5% glycine in 


anaesthetized pigs 


D. CHASSARD, K. BERRADA, J. P. TOURNADRE AND P. BOULETREAU 


Summary 


We have examined changes in plasma concen- 
trations of calcium in seven anaesthetized pigs 
during i.v. infusion of irrigating fluid containing 
1.5% glycine. Volumes infused were 875ml at 
20min (22 mlkg"'), 1475mi at 40min and 
2075 m! at 60 min (75 ml kg). Plasma concen- 
trations of sodium decreased from 134.5 (SD 3.4) to 
112.8 (6.7) mmol litre at 60 min and correlated 
with the volume of glycine infused (7? = 0.73; P < 
0.0001). Changes in total calcium concentrations 
were not statistically significant. A decrease in 
ionized calcium concentration was observed at 
40 min (1.12 (0.05) vs 1.24 (0.04) mmol litre’; P 
< 0.05) and reached 1.11 (0.05) mmol litre! at 
60 min (P < 0.01). However, when corrected for 
pH, this decrease was not statistically significant. 
These results suggest that changes in plasma 
concentrations of sodium rather than changes in 
calcium homeostasis are probably more important 
in the development of transurethral prostatic syn- 
drome. (Br. J. Anaesth. 1996; 77: 271-273) 


Key words 
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Resection of the prostate or endometrium by resecto- 
scope is a technique which requires the use of 
electrically inert near-isotonic solutions for irri- 
gation. Resorption into the patient’s body of a large 
amount of glycine-containing irrigating fluid used 
for these procedures has been reported [1]. This 
complication includes biological disturbances such 
as dilutional hyponatraemia and hypo-osmolality 
[1]. Some clinical observations suggested that hypo- 
calcaemia could be associated with these plasma 
disturbances [2]. However, there has been no 
controlled study evaluating calcium changes during 
i.v. infusion of irrigating fluid. In this study, we 
assessed the acute effects of i.v. infusion of glycine on 
calcium homeostasis in anaesthetized pigs. 


Methods and results 


After obtaining approval from our institution’s 
Animal Care Committee, we studied seven pigs 
(23-25 kg). Ketamine 8 mg kg! was given i.m. after 
a 12-h fast. Anaesthesia was induced with propofol 
5mgkg` i.v., sufentanil 3 ug kg™ i.v. and pan- 


curonium 0.1 mg kg" i.v., and was maintained with 
propofol 10 mg! kg! h~. Ventilation was adjusted 
to maintain an end-tidal carbon dioxide concen- 
tration of 45%. 

A femoral vein and artery were cannulated to 
provide arterial pressure monitoring, arterial blood 
samples and a route for administration of glycine. 
Arterial blood samples were obtained for baseline 
measurements before a dose of 500ml of 1.5% 
glycine (Glycocolle 1.5%, Baxter, Maurepas, 
France) was infused over 5 min, followed by a 
constant infusion of 1500 ml h~! over 55 min. This 
corresponds to an infusion rate of 34 ml kg“ during 
the first 20 min and 75 ml kg™ over the whole study. 
Repeated measurements were made 20, 40 and 
60 min after the beginning of the infusion of glycine. 
Samples of blood for measurement of ionized 
calcium and pH-normalized ionized calcium concen- 
trations were obtained anaerobically into pre- 
heparinized syringes and analysed immediately using 
the ICA II instrument (Copenhagen, Denmark). 
Plasma concentrations of sodium, potassium, mag- 
nesium, calcium, chloride, urea, protein, bicarbonate 
and blood glucose were analysed using the Astra 8 
chemistry instrument (Beckman, Schiller Park, IL, 
USA). Pao, Paco, and arterial pH were measured 
using a Radiometer ABL electrode system 
(Copenhagen, Denmark). The concentration of am- 
monia in blood was measured by the ACA III 
instrument (Du Pont, Wilmington, DE, USA). 
Osmolality was calculated using a standard formula: 
osmolality (mosmol litre!)= (sodium mmol 
litre x 2)+ urea mmol litre~! + blood glucose mmol 
litre". 

Statistical significance was determined using 
analysis of variance (ANOVA) for repeated measures 
followed by Dunn’s test. P < 0.05 was considered 
statistically significant. Relationships between elec- 
trolyte concentrations and volume of glycine infused 
were assessed using Pearson’s product correlation 
coefficient (r) and coefficient of determination (r?). 

During the first 20 min of i.v. infusion (875 ml), 
there was a significant decrease in mean plasma 
concentrations of sodium from 134.5 (sp 3.4) to 
121.2 (4.0) mmol litre? (P < 0.05). At 40min 
(1375 ml perfused), pigs demonstrated a more 
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marked decrease in plasma concentrations of sodium 
of 17mmol (P<0.05). At 60min (1875 ml 
perfused), this decrease was 22 mmol (mean plasma 
sodium concentration 112.8 (6.7) mmol litre!) (P < 
0.001). This decrease was correlated significantly 
with the volume of glycine infused (r = 0.85, r? = 


ri Pa Poms an “on 
§ |3 E = I g AR 0.73, P < 0.0001). A statistically significant decrease 
9 EE esdaesesed in calculated osmolality was seen at 40 min (P < 
Š Eiez] ee ee E en 0.05) and 60 min (P < 0.001). Protein, urea, am- 
É a 4 ; dbeRronesne monia and other electrolyte concentrations, includ- 
2 ASH] BGAN NNR ing potassium, magnesium and phosphate, did not 
g change significantly from baseline during the study 
= = FERR (table 1). 
$ a 7 -T An ET A 12% decrease in plasma concentrations of 
E lags RSLSSEESSE calcium occurred after infusion of glycine but this 
EME: g E I A E e was oe “eoin Sra D In contrast, 
pak SHE SYY ioniz cium decreased significantly at 40 min but 
& z remained greater than 1.10 mmol litre. When 
k Ss Rreee ionized calcium was correlated for arterial pH, there 
8 T S SRG was no significant change. 
F 5 9 REEE There were no statistically significant correlations 
Sul BSlacdédsdsed between calcium, ionized calcium or pH-corrected 
Sa) ag OSesSsrghy ionized calcium, and volume of glycine infused 
in E | SEER EY a A (r = —0.46, —0.68, —0.54 and r? = 0.21, 0.46, 0.29, 
Zs respectively) and no relationship between ionized 
g ; = A in ae calcium and changes in serum protein concentration. 
2 v = & F g 

fl etototet 
HE EERE Comment 
> 
>a È E ieee A l ara It is generally believed that transurethral resection of 
g 2 the prostate syndrome (TURPS) is the results of 
Əv 2 sS s Fe dilutional hyponatraemia caused by the direct tox- 
ie gy S aa eg F icity of glycine and by hyperammonia [1]. Recently, 
oe Ba /S5% Sass Sg hypocalcaemia has been proposed in the physio- 
as hi | aekeseses pathology of TURPS [2]. 
vo aryna Hypocalcaemia denotes low concentrations of 
EN 28) sosddsss biologically active calcium in blood. In fact, 
$3 = A rg eee mn by ese concentrations of a 
EPN Y S, FA cium reflect ges in the serum concentration o 
g 2 ps rr eg ef a9 S d ionized calcium [3]. Only one case report expressed 
EN E : aelcegey =o interest in the ionized calcium concentration rather 
ED F ; g g Raegagse than the total calcium concentration during TURPS 
È. S| NANANNARAN [2]. 
E : a In this study, we evaluated changes in plasma 
Bu s ERA calcium concentrations during i.v. infusion of 1.5 % 
2 z aus E a8 8 A glycine. We found no statistically significant changes 
4 n g T e-r p ta D in serum calcium concentrations throughout the 
ge| ¢ 5 £ EREEREER study. However, a Senifcan Pee in ionized 
5y LM; SRESy g cium was not er sion of glycine 
a over 40 min. Nevertheless, concentrations of ionized 
8 E in a ua Sat okt calcium were in the normal range for our laboratory 
Eg p -Ir NAIA and pH-normalized ionized calcium was not 
J g E 4 SLL Sg decreased significantly by infusion of glycine. Thus, 
SR g Slay omnSGeSed within the limitations of our study, we found that 
g Ş 3 p A BSARSSIS infusion of glycine was not associated with significant 
5 F Bs Ss disturbances in serum calcium. 
ch A Few studies have examinated calcium homeostasis 
ge g during absorption of irrigating solutions such as 
G3 3 FE gs g. glycine, despite the crucial role of calcium in 
om: g 2 a a a neurological and cardiovascular function. Malone 
~2 Za 8 & 8 and colleagues reported a peroperative decrease in 
2 P plasma calcium; further changes were not observed 
8 B in the postoperative period [4]. In seven healthy 


volunteers, glycine Ilitreiv. over 20min 
(20 mi kg") significantly decreased plasma concen- 
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trations of calcium [5]. A decrease in plasma calcium 
concentration (2.04 vs 2.16 mmol litre!) was also 
seen after 1.57 litre (22 ml kg“) of fluid absorption 
[6]. The clinical significance of these studies is 
limited as none measured pH-normalized ionized 
calcium. 

Several events may induce acute hypocalcaemia 
during anaesthesia: transient hypomagnesaemia, an 
increase in plasma albumin concentration, adminis- 
tration of citrate and hyperphosphataemia are more 
common causes [3]. It must be remembered that the 
concentration of ionized calcium is dependent on 
arterial pH: acidosis increases and alkalosis decreases 
the concentration. In our study, none of these factors 
was present: phosphorus concentration was 
decreased and the decrease in plasma magnesium 
concentration was not statistically significant. 

Volumes of glycine absorbed during TURPS are 
generally 500-4000 ml [1,6]. The volumes 
administered in our animal study were 875 ml at 
20 min and 1875 ml at 60 min (34 and 75 mi kg"). 
For humans weighing 60—70 kg, this corresponds to 
values of 2000-5000 ml. Moreover, serum concen- 
trations of sodium were less than 120 mmol litre™!, a 


273 


value known to be the threshold for the development 
of TURPS [1]. Despite this, calcium homeostasis 
was not altered. 
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CASE REPORTS 


Cardiac arrest after Caesarean section under subarachnoid block 


T. J. SCULL AND F. CARLI 


Summary 


Cardiac arrest occurred on arrival in the recovery 
room after emergency Caesarean section under 
subarachnoid block. The patient was resuscitated 
successfully and recovered with no adverse effects. 
The current literature is reviewed and the patho- 
physiological mechanisms involved in the aetiology 
of cardiac arrest under subarachnoid block are 
discussed. Early use of adrenaline to treat severe 
bradycardia or hypotension is recommended. (8r. 
J. Anaesth. 1996; 77: 274-276) 


Key words 


Anaesthesia, obstetric. Complications, cardiac arrest. Anaes- 
thetic techniques, subarachnoid. 


Subarachnoid anaesthesia is a widely practised 
technique for both elective and emergency pro- 
cedures. It is recommended for both its efficacy and 
safety [1, 2]. Haemodynamic instability and cardiac 
arrest have been reported in healthy patients [3]. 
Occasional case reports [3-5] and a series of patients 
experiencing cardiac arrest [6] have been reported in 
the American literature, but there is little in the 
European journals. We report a case of cardiac 
arrest, occurring in a parturient after a Caesarean 
section under subarachnoid block. 


Case report 


A 3l-yr-old Afro-Caribbean woman (weight 76 kg, 
height 1.68m), ASA I, presented at term in 
spontaneous labour. This was her second pregnancy; 
her first had resulted in a vaginal delivery and the 
course of the second had been uneventful. 

On arrival in the delivery suite she was in active 
labour, her cervix was dilated 6 cm and her mem- 
branes were bulging. These were ruptured and fetal 
monitoring, via a scalp electrode, commenced. Over 
the next 8 h, progress was slow, dilatation increasing 
to 8cm. The baby showed signs of distress which 
were manifested as type 2 decelerations, and it was 
decided to deliver the baby by Caesarean section. 

Subarachnoid anaesthesia was commenced using a 
27-gauge Quinke needle with 0.75% hyperbaric 
bupivacaine 2 ml and preservative-free morphine 
0.25 mg. Bilateral sensory block to temperature from 
T2 to S5 was obtained. After positioning the patient 
in the supine position, with left lateral wedging, 
Caesarean section was carried out, and a boy (3585 g) 


with Apgar scores of 9 at both 1 and 5 min was 
delivered. Arterial pressure, ECG and oxygen satu- 
ration were monitored throughout the procedure. 
Systolic arterial pressure was 110-120 mm Hg and 
heart rate 70-110 beat min. Saline 0.9% (2 litre) 
and three boluses of ephedrine 5 mg were required to 
maintain stability. After delivery, an infusion of 
Syntocinon 20 u. in normal saline 1 litre was started. 
The duration of Caesarean section was 1 h 35 min 
and estimated blood loss was 700 ml. The patient’s 
vital signs before leaving the operating theatre were: 
arterial pressure 110/60 mm Hg, heart rate 105 beat 
min™ and Spo, 96%. The patient was then trans- 
ferred to the adjacent recovery room in a semi- 
reclined position, fully conscious, conversing and 
holding her baby. As monitoring was being re- 
established, she suddenly became unresponsive, with 
no palpable pulse and no respiratory effort. 

Cardiopulmonary resuscitation was initiated and 
her trachea was intubated within 2min. ECG 
revealed the initial rhythm to be ventricular fibril- 
lation and she received four de shocks, adrenaline 
2 mgi.v., naloxone 0.4 mg i.v. and lignocaine 100 mg 
i.v. At 9 min after cardiac arrest her rhythm had 
converted to sinus tachycardia, with a strong pulse. 
She was then transferred to the intensive care unit. 

A series of investigations was carried out to 
identify the cause; ECG revealed a sinus tachycardia 
with no acute changes, echocardiogram showed good 
left ventricular function (ejection fraction 55—60 %), 
with normal valvular morphology and function. 
Serum electrolyte concentrations were within normal 
limits, except for a low serum magnesium con- 
centration of 0.25mmol litre? (normal 
0.75~1.25 mmol litre!) obtained at the time of 
cardiac arrest. A CT scan revealed minimal cerebral 
oedema, and a ventilation—perfusion scan of the 
lungs was normal. 

The patient’s lungs were ventilated for 20 h and 
she remained haemodynamically stable without need 
of inotropic support. After tracheal extubation she 
was confused, with no memory of the preceding 
events. Her cognitive function returned to normal 
over the following week. Despite extensive investi- 
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gation, no obvious cause of the arrest was found, 
other than the low magnesium concentration, the 
aetiology of which was unclear. In the postoperative 
period she developed a wound infection that neces- 
sitated a prolonged hospital stay. She was discharged 
home 25 days after her section and remains well. 


Discussion 


Cardiac arrest during subarachnoid anaesthesia is an 
uncommon but well reported phenomenon. Brady- 
cardia with resultant hypotension is thought to occur 
by two mechanisms. The first involves block of the 
cardioacceleratory sympathetic fibres, which may 
occur with a sensory block as low as T10, as it has 
been shown that the sensory—sympathetic differential 
may be up to six segments [7]. This allows 
unopposed parasympathetic input with a negative 
chronotropic effect. The other mechanism is a 
manifestation of decreased venous return, which 
may trigger reflexes mediated by caval and atrial 
receptors [8], and the pacemaker stretch reflex [9]. 
Acute reductions in venous return have also been 
reported to activate the Benzold—Jarish reflex with 
resultant bradycardia [10]. 

Excessive bradycardia progressing to asystole has 
been well documented recently [3,4]. In some 
reports [3-5], patients responded promptly to atro- 
pine, ephedrine and external cardiac massage, car- 
diac output and consciousness being rapidly restored 
with no sequelae after the event. The series of 
patients reported by Caplan and colleagues [6], as a 
result of closed claims analysis, exhibited a different 
outcome and possibly a different pathogenesis. These 
patients showed marked similarities; all were young 
(mean age 35 yr), healthy (ASA I or II), had high 
sensory block, and all experienced a poor outcome; 
six died and seven were severely neurologically 
damaged. Close scrutiny of these cases implicated 
the use of sedation with opioids or benzodiazepines, 
with a resulting respiratory insufficiency, to be 
possible causative factors in 50 % of the cases [6, 12]. 
In addition, another 22 cases from closed claims 
analysis have recently been reported [11]. These 
patients had similar characteristics and outcomes to 
the initial series of 13. Pulse oximetry failed to 
demonstrate desaturation and it was concluded that 
“one or more circulatory mechanisms played an 
important role in these events.” 

Our patient had some factors in common with the 
“Caplan groups”. The patient was young, haemo- 
dynamically stable, with a high sensory block, but 
outcome was good. Cases of cardiac arrest after 
subarachnoid block that required protracted re- 
suscitation and had a good outcome are rare. Perhaps 
this represents a lack of reporting or indicates that a 
high sympathetic block in some way complicates 
successful resuscitation. 

Detailed analysis of the closed claim cases reveals 
the importance of warning signs of the forthcoming 
arrest, usually bradycardia or hypotension in the 
preceding 1-2 min. Our case was in transfer to 
recovery during this phase, with no monitoring in 
place and it is therefore not possible to comment on 
the presence or absence of these signs. 
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We believe that the patient suffered a primary 
cardiac arrest. In the period immediately after the 
arrest she received treatment with i.v. naloxone, but 
we do not feel that respiratory depression secondary 
to intrathecal opioids played any aetiological role in 
the chain of events. It may be significant that our 
patient experienced the cardiac arrest shortly after 
repositioning had occurred. In this unit it is 
customary to roll the patient from side to side in 
order to clean the abdomen, and then to transfer the 
patient to the recovery area in a semi-reclined 
position, approximately 30° head-up. These pos- 
itional changes may have resulted in alterations in 
venous return and triggering of the above-mentioned 
reflexes, causing bradycardia and hypotension. Blood 
loss in the presence of sympathetic block may lead to 
hypotension, however only 700 ml was lost over a 
1-1.5-h period, and adequate replacement was 
achieved. 

Hypomagnesaemia at the time of the arrest was the 
only electrolytic abnormality. ‘This is associated with 
cardiac arrhythmias, and is known to prolong QT 
intervals [12]. In addition to cardiac signs, patients 
usually complain of weakness and tremors and 
exhibit muscle fasciculation. The patient had none of 
these signs or symptoms, which makes it difficult to 
conclude that this was the cause. 

The series of patients reported by Caplan and 
colleagues [6] did not receive adrenaline until 
approximately 8 min had passed after recognition of 
the cardiac arrest; a perfusing rhythm was re- 
established within approximately 3 min of this 
treatment. We feel that the early use of adrenaline 
and the prompt resuscitative efforts were important 
factors in the positive outcome of our patient. 

We would like to support the approach advocated 
by Caplan and colleagues that the potent a and B 
agonist adrenaline be used early in the treatment of 
extreme bradycardia and hypotension in patients 
with high sympathetic block, especially if initial 
treatment with ephedrine or atropine has been 
ineffective. 
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Severe systemic cholesterol embolization after open heart surgery 


V. PIRIOU, J.-PH. CLAUDEL, O. BASTIEN, S. Ross AND J.-J. LEHOT 


Summary 


Cholesterol crystal embolization (CCE) may be 
triggered by various factors: intra-arterial angio- 
graphic procedures, aortic or vascular surgery, 
anticoagulant or thrombolytic treatments, or both. 
There are few previous reports of patients under- 
going coronary artery bypass grafting (CABG) 
experiencing and therefore displaying severe sys- 
temic CCE. We describe four patients presenting, 
shortly after CABG, cutaneous, renal, neurological 
and hepatic signs related to severe CCE confirmed 
by skin biopsy. All patients died 11-92 days after 
surgery. As systemic CCE reveals severe ather- 
omatous disease and is associated with a poor 
prognosis, it is advisable to avoid CABG in patients 
who present symptoms of CCE before surgery. (&r. 
J. Anaesth. 1996; 77: 277-280) 
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An eroded atheromatous aorta may be a source of 
cholesterol crystal embolism (CCE). Embolization of 
atheromatous material accounts for obstruction of 
distal arterioles around which a foreign-body giant 
cell granuloma inflammatory reaction develops. The 
diagnosis is often delayed or unrecognized because 
of varying or misleading clinical signs, such as renal 
insufficiency, digestive or neurological symptoms, or 
both, or unexplained multiple-system disease [1]. 
Various triggering factors have been described such 
as intra-arterial angiographic procedures, aortic or 
vascular surgery, and in some cases anticoagulant or 
thrombolytic treatments, or both. 

Patients undergoing coronary artery bypass graft- 
ing (CABG) often experience a combination of these 
factors: anticoagulation—before, during and after 
surgery—intra-arterial angiographic procedures and 
intraoperative aortic cross-clamping. These multiple 
factors could account for the acute and severe 
postoperative clinical and biological findings ob- 
served in the four patients described here. 


Case report 


From September 1992 to January 1994, four patients 
developed very severe and acute systemic cholesterol 
embolization immediately after CABG. All were 
male with a mean age of 67 yr (range 62-71 yr). They 
presented at least two risk factors for atherosclerosis, 
and a previous history of atheromatous disease 
(coronary artery disease n = 4, chronic peripheral 


arterial disease n = 2, carotid vascular surgery n = 1) 
(table 1). These four patients were referred to our 
institution for unstable angina and therefore received 
i.v. heparin. 

A coronary angiogram was performed in all cases, 
3—5 days after admission. During catheterization, 
patient No. 1 complained of chills and myalgias, and 
patient No. 3 experienced a transient cerebrovascular 
ischaemic accident. Multiple coronary artery disease 
was noted in all patients ; patient No. 2 also presented 
severe stenosis of the left main coronary artery. 
Patient Nos 3 and 4 experienced a blue toe 
syndrome with normal peripheral pulses and renal 
insufficiency (serum creatinine concentration 
344 umol litre! and 281 pmol litre, respectively) 
shortly after left heart catheterization, before sur- 
gery. 

All patients underwent CABG 2-55 days after 
coronary angiogram. The immediate postoperative 
course was complicated in all cases: patient No. 2 
presented an unstable haemodynamic status related 
to intraoperative myocardial infarction (confirmed 
by postmortem examination) which required intra- 
aortic balloon counterpulsation. All patients had 
postoperative coma, acute renal insufficiency and 
required haemodialysis, a highly elevated serum 
creatine kinase activity (patient Nos 2 and 4) and 
purple toes accompanied by more diffuse cyanotic 
mottling of the surrounding skin (livedo reticularis); 
peripheral pulses were normal. In addition, severe 
abnormalities of hepatic (elevated serum bilirubin 
concentration) and pancreatic (elevated serum 
amylase activities of 367 iu litre!) functions were 
observed in patient No. 1. Elevated erythrocyte 
sedimentation rate (ESR), transient peripheral blood 
eosinophilia (450 eosinophils mm™ 3) and low C, 
complement fraction were present in patient Nos 1 
and 2 (table 2, fig. 1). Systemic cholesterol 
embolization was confirmed in all patients by skin 
biopsy which showed acute inflammation with 
cholesterol clefts within small arterioles. 

Patient management included interruption of 
heparin, and administration of antiplatelet agents 
(aspirin) and methylprednisolone 80-120 mg day. 


V. Prriou*, MD, O. BASTIEN, MD, J.-J. LEHOT, MD, Service 
d’Anesthésie et de Réanimation Post-opératoire, Hôpital Cardio- 
logique “Louis Pradel” 59, Bd Pinel, 69003 Lyon, France. 
J.-PH. CLAUDEL, MD, Service de Soins Intensifs Cardiologiques 
(U-51), Hôpital Cardiologique “Louis Pradel” 59, Bd Pinel, 
69003 Lyon, France. S. Ross, msc, Nuffield Department of 
Anaesthetics, Radcliffe Infirmary, Oxford OX2 6HE. Accepted 
for publication: March 8, 1996. 

*Address for correspondence: Nuffield Department of Anaes- 
thetics, Radcliffe Infirmary, Oxford OX2 6HE. 


278 


British Journal of Anaesthesia 


Table 1 Patient characteristics. AMI = Acute myocardial infarction; 1 = risk factor present 


Risk factors of atherosclerosis 





Patient Age 

No. (yr) Hypertension Diabetes 
1 67 1 1 

2 69 1 1 

3 71 1 _ 

4 62 1 _ 


Smoking 


Hyperlipidaemia Previous history 


ERE 
: 


endarterectomy, 
fermoropopliteal 
bypass grafting 


Table 2 Laboratory findings. Values are peak levels obtained. ASAT = serum aspartate aminotransferase 
activity; ALAT = serum alanine aminotransferase activity; CK = serum creatinine kinase activity; ESR = 


erythrocyte sedimentation rate 


Total CK ESR Eosinophils 
(iu litre!) (mm) Qmm?) 
859 64 1105 
7162 105 541 
258 44 460 
1956 25 380 


1 
2 
3 525 43 57 
4 













Patient Creatinine ASAT ALAT 
No. (umol litre™?}) Gu litre!) (iu litre!) 
495 14240 3580 
631 218 56 
656 320 37 
700 J —— Patient No.1 5 
~~ Patient No.2 it 
8004 pmo Patient No.3 f i 
a —-— Patient No.4 Pe. 
£ 
rs 
€ 
E 
= 
poj 
2 
Q 





Before After 
angiogram angiogram 


Before After 
surgery surgery 
Figure 1 Serum concentrations of creatinine before and after 
coronary angiogram and surgery. 


With this treatment, clinical and biological improve- 
ments occurred in patient Nos 1 and 3: weaning 
from haemodialysis and neurological improvement 
(normal consciousness although both had persistent 
hemiplegia). However, this treatment failed in 
patient Nos 2 and 4. All patients died within 11-92 
days after surgery: patient No. 1 died from mesen- 
teric infarction, patient Nos 2 and 4 from sudden 
death, and patient No. 3 from a cerebrovascular 
accident. 


Discussion 


Embolic migration of cholesterol crystals has been 
commonly accepted after experimental work carried 
out by Flory [2] and Snyder and Shapiro [3], in 
addition to pathological studies [4]. Cholesterol 
crystals obstruct 100-250 um size arterioles. As their 
elimination occurs very slowly, a local foreign-body 
type inflammation develops, completing arteriolar 
obstruction. Cholesterol crystals may be released 
into the vascular lumen in response to rupture of the 


atherosclerotic plaque related to intraplaque haem- 
orrhage or confined dissection. 

CCE occurs in patients with diffuse atherosclerosis 
and multiple vascular risk factors (high cholesterol 
concentration, diabetes, tobacco abuse, hyperten- 
sion) exposed to a triggering agent [5]. This diffuse 
embolization of atheromatous material may therefore 
be responsible for various clinical manifestations 
including: ‘‘blue toes syndrome” together with 
normal peripheral pulses associated with livedo 
reticularis of the lower limbs; renal insufficiency 
with severe arterial hypertension; digestive or neuro- 
logical symptoms, or both; or even “fever of an 
unknown origin”, therefore mimicking diffuse 
vasculitis [1] or infective endocarditis. Diagnosis 
may be very difficult [6] and this complications has to 
be borne in mind by practitioners. The onset of such 
clinical features is usually insidious, although acute 
and severe clinical manifestations after cardiac 
angiography have been reported [7]. Pathological [4] 
and clinical observations [8] support the existence of 
such triggering factors. Thus angiographic pro- 
cedures (aortography, left heart catheterization), 
aortic and vascular surgery have commonly been 
related to the occurrence of CCE [9]. 

In the literature, angiographic procedures 
accounted for 50% of cases of CCE [10, 11]; the 
mean delay between the invasive procedure and 
symptoms was 13.5+21 days (range lh to 3 
months). Guidewire and catheter manipulations 
injure the endothelium and therefore dislodge soft 
cholesterol material. 

Aortic surgery was responsible for 9% of CCE 
cases published until 1988 [10, 11], but this has since 
reached 18 % among published cases. Aortic surgery 
was always preceded by an angiographic procedure; 
aortic cross-clamping and also incision of the artery 
releases the atheromatous material into the blood- 
stream [12]. 

Anticoagulant therapy as a triggering factor of 


Systemic cholesterol embolism after cardiac surgery 


CCE was first suggested in 1961 by Feder and 
Auerbach [13]. They reported six cases of “purple 
toes” with normal peripheral pulses occurring 3-8 
weeks after introduction of anticoagulant treatment. 
Anticoagulant treatment (heparin or antivitamin K, 
or both) was given in 19 % of published case reports 
[10, 11]. These medications are often associated with 
another triggering factor, in most cases an angio- 
graphic procedure [5, 7,9, 14]. There are several 
case reports in the literature [1, 5, 13-16] in which 
anticoagulant therapy was the sole triggering factor. 
However, postmortem studies [4] failed to show any 
difference in the atheroembolic rate according to 
whether or not anticoagulants were given. This 
complication seems rare in view of the large number 
of patients treated. 

Thrombolytic therapy was suspected to be an 
atheroembolism triggering factor as early as 1976 by 
Spangen and colleagues [17], who observed worsen- 
ing renal function after i.v. streptokinase therapy. 
The first well documented case was described in 
1979 and involved a patient treated with strepto- 
kinase for severe pulmonary embolism [18]. Since 
then, some cases indicating thrombolytic therapy as 
the triggering factor for CCE have been reported. In 
several cases, this therapy was associated with an 
angiographic procedure [19]; thrombolytic therapy 
was the sole triggering factor in other cases [20-24]. 
The underlying pathophysiological mechanism by 
which anticoagulant and thrombolytic therapy 
induces CCE is uncertain. Most authors [15, 18] 
agree that these medications lyse the platelet—fibrin 
protective thrombi covering ulcerated atheromatous 
plaques which may expose atheromatous material to 
the circulation. 

Patients requiring cardiac surgery are at high risk 
of developing CCE [25, 26]. These patients with an 
atheromatous aorta are at risk of the main triggering 
factors, such as left heart catheterization, aortic 
cannulation and cross-clamping, and anticoagulant 
therapy before, during and after surgery. Severe 
central nervous system complications after cardiac 
surgery, as described in our patients, have been 
described widely [27]. These complications are 
usually related to haemodynamic (e.g. severe intra- 
operative hypotension) or embolic (left ventricular 
mural thrombus, atrial fibrillation, air embolism) 
events. 

Severe systemic atheromatous embolization after 
cardiac catheterization has been described during 
procedures which are often long and difficult, 
requiring prolonged manipulations and numerous 
catheter changes within a severely diseased aorta [7, 
28]. The sudden occurrence of clinical features 
seems to be related to massive embolization of 
atheromatous fragments dislodged by catheters. 
Therefore, aortic cross-clamping and canulation 
could be responsible for similar findings. By studying 
embolic signals with transcranial Doppler during 
cardiopulmonary bypass for coronary artery 
revascularization, Barbut and colleagues [29] showed 
that all patients (7 = 20) displayed embolic signals. 
Most have been recorded during removal of aortic 
cross clamps (34%) and partial occlusion clamps 


(24%). 
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In addition to systemic CCE, atheromatous 
embolization to the distal coronary circulation may 
complicate CABG, and be responsible for intra- 
operative myocardial infarction and death, as ex- 
perienced in patient No. 2. In a series of 4095 
CABG, Keon, Heggtveit and Leduc [30] reported 
nine deaths (0.22%) related to atheromatous 
embolization into the coronary microcirculation. 
Moreover, among 175 patients who were re-operated 
on after a first CABG, four patients (2.29%) died 
from intraoperative massive myocardial infarction 
after atheroembolization of the distal coronary 
circulation. The atheroemboli were deemed to have 
originated from ulcerative atherosclerotic lesions in 
the aortic root at the ostia of the coronary arteries or 
vein grafts, or both, from coronary endarterectomy 
sites, or from mechanical disruption of plaques in the 
major epicardial coronary arteries during intra- 
operative manipulation of the heart. The higher rate 
of atheromatous embolic complications in patients 
undergoing repeated CABG is probably related to 
more severe atherosclerosis with soft mushy ather- 
oma in old vein grafts. 

Even though some investigators reported clinical 
and biological improvements with steroid therapy [1, 
8, 31] or pentoxifylline [32], severe systemic CCE 
has a poor prognosis. The treatment is usually 
symptomatic, including renal and haemodynamic 
support. 

In patients with severe aortic lesions, trans- 
oesophageal echocardiography led surgeons to mod- 
ify their technique using an alternative cannulation 
site, hypothermic circulatory arrest [33], exploration 
and debridement of the aortic arch [34] or resection 
and graft replacement of the involved aortic segment 
[35]. Recently, Katz and colleagues [34] studied 130 
patients undergoing open heart surgery and 
examined atherosclerotic lesions in the aortic arch 
using transoesophageal echocardiography (TOE). 
The severity of aortic atheromatosis was the only 
predictor of stroke. Ribakove and colleagues [33] 
found similar results, demonstrating that intra- 
operative clinical evaluation of aortic artheromatous 
disease by surgical palpation alone is not predictive 
of embolic stroke. Other observations revealed that 
TOE may demonstrate atheromatous plaques of the 
aortic arch involved in cholesterol embolization [36, 
37] and so detect patients with a high risk of CCE 
before surgery. Wareing and colleagues [38] have 
proposed performing ascending aortic replacement 
or carotid endarterectomy to decrease the stroke rate 
after cardiac surgery in patients in whom ather- 
omatous plaques were discovered by intraoperative 
ultrasonic scanning. Other studies [39, 40] have 
shown that intraoperative echography during cardiac 
surgery was able to predict patients with a high 
cerebral complication rate in relation to different 
stages of atheroma in the ascending aorta. 

However, symptoms related to CCE must be 
sought before CABG: renal insufficiency after left 
heart catheterization associated with eosinophilia, 
blue toes syndrome and livedo reticularis. These 
symptoms indicate the need for a skin or muscular 
biopsy. Histological confirmation is essential for 
diagnosis and may help to age the different lesions. 
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When CCE is confirmed, we believe that CABG is 
contraindicated because of the poor prognosis of 
cardiac surgery. 
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Modulation of recombinant invertebrate GABA, 
receptors by isoflurane: effects of a point mutation in 
the M2 domain 


M. D. Epwarps*, R. M. JONES AND G. LEES 

Department of Anaesthetics, Imperial College of Science, 
Technology and Medicine, (St Mary’s Hospital Medical School) 
London 


GABA is the most important inhibitory transmitter in the 
mammalian brain. The GABA, receptor is an aggregate of 5 
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Figure 1 a: Amino-acid single letter code for the m2 region 
depicting the point mutation (A = alanine, S = serine). 

B: Effect of picrotoxin 10 pmol litre™!. (W), Before picrotoxin, 
(O), mutant + picrotoxin, (A), wild type+ picrotoxin (n = 6). 
c: Enhancement of GABA responses by mutant-+ isoflurane 
700 umol litre (CJ), and control (A). 


subunits which form an integral anion channel. This receptor is 
modulated at clinical concentrations, by a broad range of 
anaesthetic drugs [1] which displace radiolabelled probes, like 
picrotoxinin or t-butyl-bicyclo-phosphoro-thionate (TBPS), from 
a putative site in the ion channel [2]. A point mutation (Fig 1A) in 
the M2 (transmembrane) helix, which lines an invertebrate 
chloride channel, confers insensitivity to the GABA, antagonist, 
picrotoxinin [3]. We have examined anaesthetic sensitivity of both 
wild-type (WT) and mutant (Mut) forms of this Drosophila RDL 
subunit. 

cDNA samples (Cornell University) were transcribed in uttro, 
then expressed in Xenopus oocytes using standard techniques [3]. 
Ion channels were examined 1 to 5 days later using two-electrode 
voltage-clamp. GABA was applied for 5-15s by throughput 
perfusion (approx. 10 ml min™!). Sigmoid log concentration- 
response curves were fitted by non-linear regression to a three 
term logistic function before and after equilibration with drugs. 
Statistical assessment of pharmacological results was by two- 
tailed Student’s t test, where appropriate. 

WT and Mut currents reversed at —28.4 (SE 0.48; n = 3) mV 
and —28.6 (SB 2.69; n = 4) mV, respectively (consistent with a 
chloride current in the oocyte) and were both absolutely 
insensitive (n = 4/subunit) to 100 pmol litre! bicuculline {P > 
0.2). We confirmed the relative insensitivity of the mutant channel 
to picrotoxin 10 pmol litre! (Fig 1B: the parallel right shift and 
depression (by 10%) of the maximal current suggest a “mixed” 
blocking action. 

The point mutation reduced the relative potency of picrotoxin 
(at the GABA EC) by about sevenfold. Isoflurane (700 pmol 
litre“!) reversibly enhanced subsaturating GABA currents by 
increasing the affinity of GABA for both the WT (not shown) and 
Mut receptors (Fig 1c). Dose-response curves were shifted left in 
a parallel fashion. Isoflurane modulated the GABA ECs by 
0.85 x (95% CI 0.78-0.93) for the WT and 0.82 x (0.76-0.88) 
for the Mut (statistically indistinguishable; n = 11-13 for each 
point on curves). 

Isoflurane enhanced chloride currents through a “primitive” 
invertebrate GABA receptor. A point mutation in the putative ion 
channel domain did not modify anaesthetic sensitivity. 
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Effect of etomidate on the mass response of cells of 
cortical lamina V evoked by antidromic activation in the 
urethane-anaesthetized rat 


R. H. ARNOTT* AND A. ANGEL 
Department of Biomedical Science, The University of Sheffield, 
Sheffield 


Etomidate (Hypnomidate) alters the evoked response of the 
somatosensory, dorsal column pathway at a site different from that 
affected by other agents such as urethane, halothane or thio- 
pentone. Unlike these agents, etomidate causes perturbation in 
evoked behaviour at the level of primary somatosensory cortex 
(SI) [1], whereas the vast majority of other anaesthetics impair 
transmission of information through the ventrobasal thalamus [2]. 
By measuring the antidromically-evoked mass response of cell 
bodies of cortical lamina V, these experiments attempted to 
determine where etomidate was effective in modulating the 
excitability of these cortical output neurons. 

Twelve rats (Sheffield strain, 190-210 g) were anaesthetized 
with urethane 1.25-1.5 gkg™! administered i.p. A stimulating 
electrode was placed in the pyramidal tract and square wave pulses 
of 50-us duration and 100-V amplitude, sufficient to cause 
supramaximal stimulation, were administered at a frequency of 
1 Hz. The surface mass evoked response was recorded via a silver 
bead electrode placed on the exposed primary somatosensory 
cortex. 

Pyramidal tract stimulation evoked stereotyped surface mass 
responses: a rapidly rising wave of surface positivity thar 
commenced at a post-stimulus latency of approximately 1 ms, rose 
to a peak of approximately 2 mV at 2 ms and then decayed rapidly, 
crossing the initial baseline at approximately 2.8 ms. Results from 
previous experiments [2] suggest that pyrarnidal tract stimulation 
causes the activation only of cell bodies at depths corresponding to 
anatomical lamina V. It is therefore suggested that the surface 
mass response results from the synchronous firing of cortical 
lamina V cells in response to depolarization of their efferent axons. 

Administration of increasing doses of etomidate (1, 2, 5, 10, 
20 mg kg™! i.p.) had no significant effect on the latency nor the 
amplitude of the mass response evoked by supramaximal pyr- 
amidal tract stimulation. 

These results suggest that etomidate, which alters the behaviour 
of the dorsal column pathway at the level of the cortex, does not 
cause this alteration by reducing the responsiveness of cells of 
cortical lamina V. It is suggested, therefore, that the changes 
caused by etomidate in both the mass cortical evoked response and 
the evoked response of single cells of the cortical laminae result 
from an alteration in cortical behaviour at a site upstream of 
cortical lamina V cell bodies. Further experiments will be directed 
at investigating the effects of etomidate on the electrical behaviour 
of cortical cells which have synaptic connections with pyramidal 
cells of cortical lamina V. 
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Is glutamate release from rat cerebrocortical slices 
opioid receptor subtype selective? 


B. Nico, D. J. Rowbotham and D. G. Lambert 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


We have previously shown that morphine inhibits glutamate 
release from rat cerebrocortical slices [1], but there are conflicting 
reports as to specific subtypes involved (2, 3]. We have therefore 
examined the effects of the following selective agonists on 
glutamate release, D-Ala?, N-Me-Phe*, Gly?-ol (DAMGO y), [D- 
Pen**|-enkephalin (DPDPE 8), ICI-199441 (x) and spiradoline 
(x). 

Cerebrocortical slices (350 um) were prepared from female 
Wistar rats (200-250 g). Immediately after suspension in oxy- 
genated (95% oxygen, 5% carbon dioxide) Krebs buffer pH 7.4, 
the slices were pipetted into a perfusion chamber as previously 
described [1]. Slices were perfused at 1 ml min“ for 1b, 2ml 
fractions were then collected for 6 min before a 2 min pulse of 
46 mmol litre“! K+ (S,). Slices were perfused for a further 30 min 
in basal Krebs before the second application of K* (S2). DAMGO 
(1 pmol litre“), DPDPE (1 pmol litre™!), ICI-199441 (1 pmol 
litre!) and spiradoline (1 and 100 pmol litre"), were applied for 
30 min between S, and S,. Glutamate concentrations were 
measured fluorimetrically [1]. Area under the curves, and the 
(S,/S,) ratios were calculated in order to compare the control and 
drug-treated slices. Wilcoxon rank sum test was used to compare 
the control and drug-treated slices. 

DAMGO (l pmol litre!) produced a 66% inhibition of 
glutamate release. DPDPE (1 pmol litre!) and ICI-199441 
(1 pmol litre!) were ineffective. Spiradoline at 1 and 100 pmol 
litre“! reduced glutamate release by 61% and 90% respectively 
(table 1). 

These data suggest a role for u and possibly x agonists in the 
control of glutamate release and implicate these opioid subtypes as 
potential targets for neuroprotective therapy. 
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Different in vitro effects of aqueous or lipid etomidate 
preparations on neutrophil respiratory burst 


M. Leuwer, D. SCHEINICHEN”, J. F. Herne*, K. JAEGER*, 

L. ARSENIEV AND S. PIEPENBROCK* 

Department of Anaesthesiology and Department of Haematology, 
Hannover Medical School, Hannover, Germany 


Both propofol and its lipid carrier 10% Intralipid showed a 
concentration-related inhibition of neutrophil respiratory burst 
(RB) in vitro [1]. Because no statistically significant differences 


Table 1 Effects of selective opioid agonists on glutamate release. Data are mean (SEM) (n = 6-13) 





S2/S, ratio 

Opioid 

(umol litre~!) Selectivity Control Drug treated P value 
DAMGO (1) H 1.30 (0.34) 0.44 (0.11) 0.028 
DPDPE (1) 8 1.00 (0.19) 0.98 (0.15) 0.889 
ICI-199 441 (1) xK 1.03 (0.23) 0.84 (0.25) 0.806 
Spiradoline (1) x 1.29 (0.26) 0.50 (0.16) 0.028 
Spiradoline (100) K 0.88 (0.10) 0.08 (0.04) 0.028 
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Table 2 Results (mean (sp)) of the respiratory burst (RB) 
inhibition (%) 
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Table 3 Time to onset of maximal block at the hand and 
larynx (s) in the two groups 





Etomidat-Lipuro 10 ug mi? (1) 100 pg mi” (2) 
RB inhibition (sp) 83.80 (6.34) 96.93 (1.75) 
Hypnomidate 10 ug mi~? (3) 100 pg mi~! (4) 
RB inhibition (sp) 1.17 (2.20) 6.34 (4.40) 
Intralipid 10% 0.6 ulmi (5) 6 ul mi~ (6) 
RB inhibition (sp) 5.02 (4.85) 90.60 (4.24) 
Lipofundin MCT 10%  O.6pl mi! ()  6pl ml! (8) 
RB inhibition (sp) 11.3 69.57) 86.80 (7.20) 


between 10% Intralipid alone and propofol were found the effect 
of parenteral lipid solutions remained to be clarified. Since 
propofol is available only in a lipid carrier preparation we studied 
the effect of an aqueous (Hypnomidate) and a lipid (Etomidat- 
Lipuro) etomidate preparation on RB in vitro. Additionally, the 
effects or equivalent concentrations of the lipid carrier solutions of 
etomidate (Lipofundin MCT) and of propofol (Intralipid 10) 
alone were studied. 

After Ethics Committee approval venous blood was drawn from 
20 healthy blood donors. Leucocytes were obtained as supernatant 
by using 1 g sedimentation, The anaesthetic (10 ug ml“! plasma) 
[2] and 10-fold anaesthetic plasma concentrations of both 
etomidate preparations were investigated. Additionally, two 
different Intralipid concentrations (0.6 and 6 yim!) cor- 
responding to its plasma concentrations with anaesthetic and 10- 
fold anaesthetic propofol concentrations and the same concentra- 
tions of lipofundin were studied. The influence of these drugs on 
RB was measured via flow cytometry by the intracellular oxidation 
of dihydrorhodamine-123 to the fluorescent rhodamine-123 [3]. 
The percentage inhibition was calculated in comparison with the 
positive control response (RB after full stimulation by phorbol 
myristate acetate in the absence of the tested drugs). Pre- 
stimulation of neutrophils was quantified by negative controls 
(RB without stimulation by phorbol myristate acetate and without 
drugs). Propidium-iodide viability discrimination was also carried 
out. Student’s t- or Wilcoxon test were applied for the evaluation 
of differences (P < 0.05). 

The results are presented in table 2. The statistically significant 
differences are as follows: (1) vs (2) (P < 0.05), (1) vs (3) (P< 
0.001), (2) vs (4) (P < 0.001), (5) vs (6) (P < 0.001), (5) vs (7) (P 
< 0.05), (7) vs (8) (P < 0.001). 

In contrast with the lipid preparation, the aqueous etomidate 
preparation showed an almost irrelevant and not significantly 
dose-related RB inhibition. Thus the significant effect of the lipid 
preparation may be due to the lipid carrier alone. Equivalent 
concentrations of different lipid solutions seem to suppress 
phorbol myristate acetate stimulated RB by a similar magnitude. 
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Onset of neuromuscular block at the larynx using video 
imaging 

K. J. GRLING, M. S. QuraisHt AND R. P. MAHAJAN 

University Department of Anaesthesia and Department of 
Otolaryngology Queen’s Medical Centre, Nottingham 


The onset of neuromuscular block at the larynx has been described 
previously by Donati and co-workers who measured pressure 
generated in the cuff of a tracheal tube placed between the vocal 
cords on superficial stimulation of the recurrent laryngeal nerve 
[1]. We used video imaging to assess the onset of neuromuscular 
block at the vocal cords and compared this with the onset of block 
at the adductor pollicis. 

Fourteen (ASA I or IT) patients scheduled to undergo elective 


Train-of-four Single twitch 
Patient Hand Larynx Hand Larynx 
1 150 165 130 140 
2 165 180 290 240 
3 135 150 180 210 
4 105 165 160 150 
5 165 135 130 160 
6 210 225 190 110 
7 120 135 190 210 


ENT surgery were recruited. None received premedication and 
anaesthesia was induced with propofol 2-3 mg kg! supplemented 
with alfentanil 10 ug kg~! and maintained with a propofol infusion 
at 10-12 mg kg7! h“! for the duration of the study period. The 
patients were allowed to breathe oxygen spontaneously via a 
laryngeal mask until they became apnoeic when ventilation was 
supported manually. The left arm was secured for neuromuscular 
monitoring and an accelerometer (Tof-guard, Biometer, Odense, 
Denmark) was attached to the wrist. An Olympus P3 fibre-optic 
scope was introduced via the laryngeal mask and the cords 
visualized. The recurrent laryngeal nerve was stimulated using a 
previously described technique [1]. The first seven patients 
(group 1) received a train-of-four stimulus at 15-s intervals and 
the subsequent seven (group 2) a single stimulus at 10-s intervals. 
The movement of the vocal cords to stimuli at 50, 55 and 60 mA 
was determined and a 60 mA stimulus was applied to the recurrent 
laryngeal nerve for the remainder of the study. Vecuronium 
0.1 mg kg! was then administered via the i.v. cannula and the 
responses of the vocal cords to stimulation were recorded on a 
video tape and the thumb twitch height was stored by the 
accelerometer. The video tape images were later digitized and the 
angle between the cords was measured (SigmaScan for Windows, 
Jandel Scientific) at rest and at the point of maximal contraction 
until cord movement ceased. The degree of block at the hand and 
larynx was compared at each time interval using ANOVA and 
Student's t-test. 

There was no difference in the mean time to onset of maximum 
block at the larynx and the hand using single twitch or train-of- 
four responses (table 3). The technique did reveal a difference in 
the change in depression of T1 in the train-of-four group at the 
larynx and hand during onset of paralysis. 

Our findings suggest that video imaging is a useful technique 
for determining the onset of neuromuscular block at the larynx. 


Key words 
Neuromuscular block, measurement of response. Neuromuscular 
block, vecuronium. Monitoring techniques, accelerometry. 
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Contractures of malignant hyperthermia muscle: where 
do halothane and caffeine act? 


P. D. Smrt, P. M. HOPKINS, F. R. ELLIS AND P. J. HALSALL 
Academic Unit of Anaesthesia, University of Leeds, St James's 
University Hospital, Leeds 


Although the sarcoplasmic reticulum (SR) calcium release channel 
(ryanodine receptor) is a candidate for a causative defect in 
malignant hyperthermia (MH), approximately 50 % of pedigrees 
do not show linkage to the relevant gene locus. The crucial role of 
extracellular calcium and the effects of dihydropyridine agonist 
and antagonists on the in vitro contracture test (IVCT) provide 
evidence for an effect at the sarcolemma [1]. To examine this 
further we compared the effects of halothane and caffeine on an 
intact strip of cut muscle fibres with their effects on the same strip 
mechanically skinned. Mechanical skinning removes the sar- 
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colemma as an effective barrier and allows free access of solutes to 
the SR. 

Strips of muscle consisting of approximately 50-100 fibres 
(0.5-1 x 15 mm) were dissected under an inverted microscope. 
These were mounted horizontally between two clamps in a 
bathing chamber filled with Krebs solution at room temperature. 
One clamp was connected via a force transducer to a recorder, the 
other to a micro-manipulator. The muscle strip was stretched 
until an increase in tension was first noted and then a further 20% 
of this length. The tension changes were recorded while 
visualizing the reactions to either 2% halothane or increasing 
concentrations of caffeine (0.5, 1, 2, 4, 8, 16 and 32 mmol litre“!) 
in either Krebs solution or a depolarizing solution. The muscle 
strip was then skinned mechanically by gentle scraping and the 
tension changes recorded in response to the same drug applied in 
a solution mimicking intracellular composition. In separate 
experiments, caffeine or halothane were applied in calcium-free 
solutions to intact muscle strips. The MH status of each patient 
was determined using separate IVCTs for caffeine and 
halothane [2]. 

The increase in tension of the intact muscle strips correlated 
with the result of the IVCT for caffeine in Krebs: Spearman 
correlation coefficient r= 0.66, P=0.009, n=15 or in the 
depolarizing solution r = 0.69, P = < 0.001, n = 29. With halo- 
thane in Krebs, the response concurred with the IVCT in 24 of 29 
experiments, Cohen’s kappa = 0.62 and with halothane in the 
depolarising solutions in 27 of 33 experiments, Cohen’s kappa 
0.74. In 12 intact strip preparations from MH susceptible 
individuals, 2% halothane in the absence of calcium did not 
increase tension. In only two of 11 intact strip preparations did 
caffeine in the absence of calcium cause an increase in tension, and 
this occurred at four times the caffeine concentration that 
produced an increase in tension in the presence of calcium. In the 
mechanically skinned preparations the increase in tension induced 
by caffeine occurred at lower caffeine concentrations and did not 
correlate with the IVCT result; Spearman correlation coefficient 
r=0.15, P=0.12, n= 15. The first 33 mechanically skinned 
preparations exposed to 2% halothane all produced increases in 
tension (14 MH susceptible, 19 MH normal). 

The IVCT seems to reflect calcium movement across the 
sarcolemma. We could not distinguish berween MH susceptible 
and normal muscle at the level of the SR. 
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Hyaluronidase and peribulbar block 


G. A. DEMPSEY*, P. J. BARRETT*, AND J. KIRBY 
Aintree Hospitals NHS Trust, Liverpool, and Southport 
Hospitals NHS Trust 


Peribulbar block provides good quality local anaesthesia for 
intraocular surgery. Hyaluronidase improves the speed of onset 
and quality of retrobulbar block [1], but its role in peribulbar 
block has been questioned [2]. We present the preliminary 
findings of a randomized study investigating the effects of two 
concentrations of hyaluronidase on peribulbar block. 

A total of 198 patients undergoing elective intraocular surgery 
were allocated randomly to one of three groups. Group 1 ("= 50), 
control) received a peribulbar block using 5ml of a 1:1 
mixture of 0.5% bupivacaine and 2% lignocaine. Group 2 (n = 
74) received this solution supplemented with hyaluronidase 
50 iu mi~}. Group 3 (n = 74) received the same solution sup- 
plemented with hyaluronidase 300 iu mi-!. All blocks were per- 
formed by the same investigator using the technique described by 
Apel and Woodward [3]. Reduction in ocular motility was 
considered the only reliable sign of successful block and movement 
of the superior, inferior, medial and lateral recti were scored as 
follows: normal movement = 2, reduced movement=1 and 
akinesia = 0. The block was assessed at 1, 5 and 10-min intervals 
and a score of 4 or less or reduced movement in all directions was 
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Table 4 Successful blocks at 5 min. *P < 0.05, ***P < 0.001 
compared with control 


Successful block Unsuccessful block 
(%) (%) 
Control 33 (66) 17 (34) 
Hyaluronidase 62 (84)* 12 (16) 
(50 iu) 
Hyaluronidase 67 (91)*** 7(9) 
(300 iu) 


taken to indicate a successful block. A supplementary injection of 
2% lignocaine 3 ml was given if the block was unsatisfactory at 
5 min. Further assessment was performed at 5-min intervals. The 
total volume of local anaesthetic required was recorded. Demo- 
graphic data were analysed using ANOVA, while ocular motility 
scores and total volume of local anaesthetic required were 
compared using chi-square tests. 

The groups were comparable for age, sex and ASA status. At 
1 min, ocular motility scores were significantly lower in group 3 
compared with control (P < 0.05). The incidence of satisfactory 
block at 5 min was increased in both groups given hyaluronidase 
(group 2 P < 0.05; group 3 P < 0.001) (table 4). There was no 
statistically significant differences between the number of patients 
in groups 2 and 3 with satisfactory blocks at 5 min. Ifa satisfactory 
block was achieved at 5 min then the 10-min score was omitted. 
By 10 min, all but two patients had satisfactory blocks. Four 
patients in the control group had clinical evidence of a sustained 
increase in intraocular pressure, necessitating, in one instance, 
cancellation of surgery. 

Hyaluronidase 300 iu improves the speed of onset of peribulbar 
block. Hyaluronidase at both concentrations improves the quality 
of peribulbar anaesthesia at 5 min after injection. The study will 
continue in order to determine the optimal concentration of 
hyaluronidase to use with this technique. 


Key words 
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The Deltatrac metabolic monitor for measuring oxygen 
consumption during orthotopic liver transplantation 


T. S. WALsa*, P. HOPTON* AND A. LEE 
Department of Anaesthetics, Scottish Liver Transplant Unit, 
Royal Infirmary, Edinburgh 


Oxygen consumption (V0) increases after reperfusion during 
orthotopic liver transplantation (OLT). The magnitude of the 
change may reflect liver oxygen uptake and have useful prognostic 
value for graft function [1]. The reliability of the reverse Fick 
method has been questioned recently and this has renewed 
interest in alternative methods of measuring Vo,. The Deltatrac 
metabolic monitor (Datex, Helsinki) calculates Vo, by measuring 
carbon dioxide elimination (Vco,) and deriving the respiratory 
quotient (RQ) from inspired and expired oxygen and carbon 
dioxide fractions [2]. The assumption is made that a steady state 
is present and that Vco, results only from metabolic production. 
Vo, is calculated as Vco,/RQ. This study was designed to 
examine when this assumption is valid after reperfusion. 
Twenty patients undergoing OLT were studied 30 min before, 
30 min after, and 90 min after reperfusion. At each time point an 
arterial blood gas was taken and 5-min averages calculated from 
Deltatrac recordings for Vo,I, Vco,I, RQ, and mixed expired 
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Table 5 Results. Column (2) vs (1) ***P < 0.001, *P < 0.02; column (3) vs (2) HHP < 0.001, tP < 0.02. Other 














changes NS 
(1) Before 
reperfusion 
Mean (sD) 
Vco,I (ml min`! m-2) 80 (15) 
RQ 0.87 (0.12) 
Vol (ml min“! m-?) 93 (15) 
Paco, (kPa) 4.40 (0.73) 
H* (nmol litre!) 44.80 (9.62) 
St.HCO;~ (mmol litre!) 20.84 (2.95) 


Vp/Vr 0.49 (0.06) 
4.58 (1.38) 


carbon-dioxide fraction (F8co,). Pulmonary deadspace ratio was 
calculated from the Bobr equation. Cardiac index (CI, Baxter 
Vigilance) was recorded at each study point. Ventilation and Fio, 
were not changed during the study period. A total i.v. anaesthetic 
technique was employed. Statistical analysis was by paired 
Student’s t-test. 

We attempted to identify and measure factors which influence 
Vco, other than metabolic production. These include acid-base 
disturbances, acute changes in lung perfusion and pulmonary 
deadspace changes. At 30 min after reperfusion an increase in 

occurred in association with acute metabolic acidosis as a 
result of acid washout from the graft and from previously 
ischaemic tissues. The acute increase in cardiac output and 
decrease in pulmonary deadspace are consistent with an increase 
in alveolar perfusion. 

Together, these factors will increase Vco, above metabolic 
production until a new steady state is established. Calculated Vo, 
at this time will be subject to inaccuracy. Between 30 and 90 min 
no significant changes occurred in RQ, Vo/V> and CI. 
Standard bicarbonate increased significantly and it is unlikely that 
continuing acid washout from the graft and splanchnic circulation 
is contributing to the increase in Vco, at this time. Hydrogen ion 
concentration remained elevated because ventilation was kept 
constant throughout the study period. Carbon dioxide stores in 
the body are large and exist in multiple compartments. It remains 
possible that Vco, is affected by factors other than metabolic 
production at 90 min after reperfusion but the resulting error in 
Vo, is likely to be small (table 5). 

The measurement of Vo, with the Deltatrac metabolic monitor 
is not straightforward during OLT. Factors other than metabolic 
production can alter carbon dioxide elimination and should be 
evaluated when the Deltatrac metabolic monitor is used to 
estimate Vog. 


Key words 
Surgery, transplantation. Surgery, hepatic. Oxygen, measure- 
ment. 
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Use of the Bland and Altman statistical method in the 
anaesthesia literature 


IL MALAGON* AND F. J. LAMB* 
UMDS Diviston of Anaesthetics, Guy’s Hospital, London and 
Department of Intensive Care, St George’s Hospital, London 


Many statistical tests including correlation and regression, are 
used to compare two methods of clinical measurement. Since 
1976, Feinstein [1] reported his concern regarding an author’s 
choice of test. These tests may show an association but do not 
necessarily support the substitution of one method of measure- 
ment for the other. In 1983, Bland and Altman proposed a 
different way of comparing two methods of clinical measurement 
[2]. The data should be represented by plotting the difference of 
two values against the mean. Bias refers to the mean difference 
while limits of agreement refers to the standard deviation of the 





(2) 30 min (3) 90 min 
after reperfusion after reperfusion 
Mean (SD) Mean (sD) 
103 (19)*** 111 (19)ttt 
0.82 (0.10)* 0.83 (0.10) 
126 (23)*** 134 (23)t 
5.27 (0.90)*** 5.47 (0.70) 
52.85 (9.95)*** 50.21 (9.01) 
19.88 (2.42)* 21.27 (2.73) ttt 
0.46 (0.09)* 0.44 (0.09) 
5.87 (1.56)*** 6.26 (1.53) 
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mean. This method was further reported in the medical literature 
in 1986 [3]. 

We have assessed the use of the Bland and Altman statistical 
method in the anaesthesia literature. The journals Anaesthesia, 
British Journal of Anaesthesia, Canadian Journal of Anaesthesia, 
Anaesthesia and Intenstve Care, Anesthesia & Analgesia and 
Anesthesiology were chosen. We reviewed by page the original 
articles from 1 January 1990 to 31 December 1994 and selected the 
papers reporting a comparison of two or more methods of clinical 
measurement. Overall, in 1990 six of 26 (23%) original articles 
used Bland and Altman. The proportion increased to 20 of 30 
(66%) during the following year. This figure remained similar 
from 1992 to 1994 (1992, 10 of 16 (62 %), in 1993, 17 of 28 (60%), 
and 1994, 16 of 26 (61%)). 

The type of clinical measurements are associated with the type 
of statistical test. Thirty one studies compared different methods 
of measuring cardiac output, and 25 (80%) used Bland and 
Altman. Fourteen of 23 (60%) articles comparing methods of 
assessing non-invasive blood pressure measurement used Bland 
and Altman. A similar proportion, 21 of 33 (63%), was observed 
for methods measuring blood gases or oxygen saturation. These 
contrast with the smaller number of papers choosing Bland and 
Altman to test the relationship between methods of measuring 
non-invasive end-tidal carbon dioxide (10%) and body tem- 
perature (33 %). In those original papers where Bland and Altman 
was not used, data were analysed by regression and/or correlation 
in 37 articles, t-test in 11, ANOVA in four articles and no statistics 
in five. Despite the success of the Bland and Altman method [3] 
with over 1500 citations by July 1994, correlation and/or 
regression are still widely used for the comparison of two methods 
of clinical measurement in the anaesthesia literature. 
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Cerebral blood flow and metabolic rate for oxygen after 
acute brain injury, managed with induced arterial 
hypertension 


L. Mascta, E. G. MCKEATING, AND P. J. D. ANDREWS 
Department of Intensive Care, University of Edinburgh, Western 
General Hospital, Edinburgh and Department of Intensive Care, 
University of Bari, Policlinico Hospital Bari, Italy 


Advances in the medical treatment of patients with severe brain 
injury depend upon a better understanding of the pathophysiology 
including biochemical and blood flow abnormalities that occur 
after injury. The management of such patients has evolved from 
an intracranial pressure (ICP) to an arterial pressure (AP)- 
orientated approach to cerebral perfusion pressure management 
(CPP) [1]. We report cerebral blood flow (CBF) measurements in 
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Table 6 Measured variables and calculated variables (median, 
range) 


Variable Median Range 

CPP (mm Hg) 72 57-119 
CBF (ml 100 g min-!) 90 24.3-441 
Paco, (kPa) 3.91 3.49-4.59 
Sj (%) 67 52-83 
CMRo, (ml oxygen 100 g min`!) 4.28 0.45-48.54 
MFV (cm 37!) 102 49-160 


this patient population with induced arterial hypertension (table 
6). 

All patients were managed according to a standard procedure 
that included intubation, ventilation, sedation (alfentanil 
0.02 mg kg™! h“! and midazolam 0.07 mg kg™! h`!) and, if necess- 
ary, paralysis with atracurium. ICP (Camino transducer), 
arterial blood pressure, body temperature and jugular venous 
saturation (Baxter Health Care) were recorded continuously. 
Therapeutic goals were a CPP of > 70 mm Hg, achieved using 
noradrenaline infusion (4 ug kg™! h71); Pago, 4-5 kPa and cerebral 
venous oxygen saturation of > 50%; manipulated by optimizing 
CPP and Paco, 

Cerebral blood flow was measured between day 0 and 3 in 
intensive care, using the nitrous oxide saturation method [2]. 
Mean blood flow velocity (MFV) in the middle cerebral artery was 
measured by transcranial Doppler sonography (TCD 2000 EME, 
Germany). 

Seventeen patients were studied on 34 occasions in the intensive 
care unit after severe brain injury (8 = traumatic head injury; 9 = 
subarachnoid haemorrhage). All the measures were made when 
cerebral perfusion pressure (CPP = mean arterial pressure- 
intracranial pressure) was greater than 57 mm Hg and jugular 
saturation of oxygen and Paco, within normal limits. 

Cerebral blood flow measured in this patient population is 
greater than previously reported. These results may reflect the 
effect of inotrope therapy or be due to the limitations of the CBF 
measurement technique. 
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Decreased arterial oxygenation during deliberate 
hypotension: a comparison of trimetaphan camsylate, 
sodium nitroprusside and glyceryl trinitrate 


C. VAN OLDENBEEK* AND M. V. SHAH 
Department of Anaesthesia, The General Infirmary at Leeds and 
Department of Anaesthesia, Manchester Royal Infirmary 


Hypotensive agents may impair pulmonary gas exchange. The 
effects of trimetaphan camsylate on gas exchange in humans have 
not yet been fully documented. The aim of this crossover trial was 
to disclose any differences between the effects of rrimetaphan, 
sodium nitroprusside and glyceryl trinitrate on arterial oxy- 
genation in humans. 

Twelve patients were studied, whose lungs were mechanically 
ventilated following elective coronary artery surgery. 
Trimetaphan, sodium nitroprusside and glyceryl trinitrate were 
given to each patient in random succession, aiming for a 20% 
decrease in mean arterial pressure. Before, during and after 
infusion of each drug cardiac index (CI), mean pulmonary artery 
pressure (MPAP), arterial oxygen tension ( » mixed venous 
oxygen saturation (Svo) and shunt fraction (Q,/Q,) were 
determined. Statistical analysis was by two-way analysis of 
variance, 

Trimetaphan decreased cardiac index. All three drugs reduced 
MPAP, Pag, and Svo, Trimetaphan lowered Pao, to a lesser 
extent than did the other two drugs. Both sodium nitroprusside 
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Table 7 Haemodynamic and gas exchange variables before and 
during a 20% reduction in arterial pressure induced with 
trimetaphan camsylate (TC), sodium nitroprusside (SNP) and 
glyceryl trinitrate (GTN). (isd least significant difference, 
P=0.01; * = P < 0.02 compared with baseline) 


TC SNP GTN lsd 
CI (litre min™ m7?) 
Baseline 3.73 3.68 3.36 0.47 
Hypotension 3.26* 3.80 3.35 
MPAP (mm Hg) 
Baseline 18.0 19.2 18.2 1.7 
Hypotension 14.4* 15.3* 14.3* 
Pag, (kPa) 
Baseline 16,30 17.42 17.38 1.59 
Hypotension 14.87* 12.31* 13.39* 
Svo, (%) 
Baseline 74.4 74.3 73.0 2.6 
Hypotension 71.3* 71,3* 70.1* 
Q,/2, 
Baseline 0.159 0.145 0.144 0.030 
Hypotension 0.158 0.192* 0.184* 


and glyceryl trinitrate increased venous admixture, whereas 
trimetaphan did not (table 7). 

Three possible mechanisms have been postulated to explain a 
decrease in Pap, during deliberate hypotension [1]: first, a 
reduction in cardiac output and thus mixed venous oxygen 
content; second, redistribution of blood flow to dependent lung 
regions as a consequence of pulmonary arterial hypotension; 
third, inhibition of hypoxic pulmonary vasoconstriction (HPY). 
In this study trimetaphan decreased Pag, by reducing cardiac 
output. Sodium nitroprusside and glyceryl trinitrate seemed to 
impair gas exchange by blunting HPV. 
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Assessment of a model predicted infusion of ketamine 
used with propofol for total i.v. anaesthesia 


C. F. Swinnog*, C. Gray*, D. G. Mason*, AND J. E. PEACOCK 
Departments of Surgical and Anaesthetic Sciences and Automatic 
Control and Systems Engineering, University of Sheffield 


Ketamine may be used in low doses to provide analgesia [1] with 
little respiratory depression [2] and may therefore be used to 
augment propofol anaesthesia in spontaneously breathing 
patients. The aim of this study was to assess the predictive 
performance and clinical suitability of a ketamine model predicted 
infusion (MPI) system, used for total i.v. anaesthesia with 
propofol. This used a computer programmed with ketamine 
pharmacokinetics [3] and patient weight to control a Graseby 3400 
infusion pump. Computer-predicted blood concentrations were 
compared with concentrations measured by gas-liquid 
chromatography [2]. 

Nineteen patients (13 male) of ASA grade I and IJ, aged 18 to 
80 yr within 20 % of ideal body weight entered the study. Patients 
were premedicated with temazepam 20 mg 1h before surgery. 
After pre-oxygenation a predicted concentration between 200 and 
300 ng ml~! was selected and the infusion started. On reaching the 
predicted concentration propofol was given to achieve loss of 
verbal contact. The propofol infusion continued at 10 mg kg! bh 
and was adjusted subsequently as required. A laryngeal mask 
airway was sited and the patient breathed an air/oxygen mixture 
to maintain an Spo, greater than 95%. After the start of the 
operation the ketamine concentration was adjusted as clinically 
indicated. Blood ketamine concentrations were measured-before 
starting the infusion, 5 min later, immediately before the start of 
the procedure, immediately before an increase in concentration, 3 
and 5 min later; immediately before a decrease in concentration, 
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on reaching it and 5 min later; before terminating the infusion, 
5 and 10 min later. 

The performance error was calculated for each sampling point 
and the median predictive error (MDPE) and median absolute 
predictive error (MDAPE) were calculated for each patient and 
the population as a whole. The model gave effective control of 
blood ketamine concentrations; MDPE 18.7 (range — 12 to 60.7) 
and MDAPE 22.7 (range 8.9 to 60.7). The technique provided 
good clinical anaesthesia with mean propofol and ketamine doses 
of 9.3 and 0.94 mg kg! h7! respectively. The predicted ketamine 
concentration ranged from 200 to 500ngml™! during main- 
tenance. Six patients had apnoea at induction, but subsequently 
respiratory depression did not occur, with a mean end-tidal 
carbon dioxide of 5.9 kPa during maintenance. Mean time (range) 
to eye opening after terminating the infusions was 13.3 (4-25) 
min. No patients described unpleasant dreams or hallucinations. 
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Pharmacokinetics of tenoxicam administered by i.v. or 
Lv. regional routes 


P. Stewart*, P. TAyLor*, J. MASON* AND G. HOBBS* 
University Department of Anaesthesia, Queen’s Medical Centre, 
Nottingham 


Tenoxicam is an oxicam non-steroidal anti-inflammatory drug 
(NSAID) available for i.v. use. Pharmacokinetic data from healthy 
volunteers and patients with chronic musculoskeletal disorders 
suggest it has an elimination half-life in excess of 30h [1]. The 
kinetics of this drug have not previously been described in 
patients after operation. There is work suggesting that NSAIDs 
given into an isolated limb as part of an i.v. regional anaesthetic 
technique reduce both intraoperative tourniquet pain and post- 
operative pain [2]. We have investigated the pharmacokinetics of 
tenoxicam given by both i.v. (IV) and i.v. regional (IVR) routes. 

Ten patients undergoing open fixation of an ankle fracture were 
assigned randomly to receive tenoxicam 20 mg (diluted to a 
volume of 60 ml with 0.9% saline) either as an i.v. injection after 
induction of anaesthesia (n = 5) or injected into a cannulated vein 
in the fractured foot after limb exsanguination and inflation of a 
thigh tourniquet (7 = 5). Baseline blood samples were taken from 
a dedicated venous cannula immediately before drug injection (IV 
group) and during the period of tourniquet inflation (IVR group). 
Further blood samples were taken at 0.5, 2, 5, 10, 20, 30, 60, 120, 
240, 360 min and 24h after drug injection (IV group) or 
tourniquet deflation (IVR group). Samples were centrifuged and 
the plasma stored at —70 °C. Plasma tenoxicam concentrations 
were measured in duplicate for each sample using high per- 
formance liquid chromatography [3]. Pharmacokinetic data were 
derived from the concentration/time curves using non-linear 
regression analysis (sum of least squares) and the trapezoidal rule. 
Concentrations were compared using the Mann-Whitney U-test. 

There was no systemic leak of tenoxicam (IVR group) during 
the period of tourniquet inflation. The results for the IV group 
(but not the IVR group) are described by a tri-exponential decay. 
Peak plasma concentration in the IVR group was lower and 
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occurred later than in the IV group (P < 0.05). After 10 min there 
was no significant difference in plasma concentration between the 
two groups. Area under the curve (AUC) analysis showed no 
difference between the two groups, and estimated the bio- 
availability in the IVR groups to be 99.5%. 

The derived pharmacokinetic variables for the IV group are 
consistent with previously published data from healthy volunteers. 
The pharmacokinetic data appear to show that little tenoxicam 
was retained in the limb when given by an i.v. regional route (table 
8). 
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Preliminary study of prediction of ICU mortality by 
artificial neural network 


P. C. W. BEATTY AND D. YOUNG 

University of Manchester Department of Anaesthesia, MRI, 
Manchester Nuffield Department of Anaesthesia, Radcliffe 
Infirmary, Oxford 


Artificial neural networks (ANN) are mathematical non-linear 
models which can be used for the classification of data or multiple 
non-linear regression [1]. They learn to estimate unknown output 
values from known training data and can mix parametric and non- 
parametric data. 

The highest, lowest and initial data in the first 24h from 
800 ICU admissions from the John Radcliffe Hospital, Oxford 
were used for the study. In addition to the normal data used to 
calculate APACHE II this data set was treated to give the time 
between hospital and ICU admission (care delay) and the 
differences between the raw physiological data values and the 
mid-points of the APACHE II APS score ranges (difference data). 
Sex, weight and the time for which the primary illness had been 
present was also included. 

The data set was randomly divided into a training and test data 
set in the ratio of 7:3. Eight cascade correlation multilayer 
perceptron classifiers were trained using Neural Works PREDICT 
software. This software automatically examines the input data to 
find suitable input data transformations for each of the inputs. It 
also contains a genetic algorithm that examines the data for the 
minimum subset of inputs consistent with optimum network 
performance. Data can be excluded or included under manual 
control as well as being automatically included or excluded by the 
genetic algorithm search. 

ANN were trained using difference and raw data (ANN A), two 
nets using raw data only (B, C), difference data only (D), all the 
available data without any automatic selection of inputs at all (E), 
a minimum set of inputs repeatedly selected by the genetic 
algorithm search (F), a more extensive set selected by the software 
(G) and a network where the chronic health information was 
forced into the input data set (H). The performance of the 
networks was then tested using the unseen data. For comparison 
the APACHE II prediction for the test data was also calculated 
[2]. The risk value was set to give the same proportion of deaths 
as in the original data set (R = 0.3) (table 9). 

The variables selected by the generic algorithm varied con- 
siderably between networks, probably indicating that there was 
insufficient data for optimal training of the networks. The 
complexity of the networks produced suggests that about 2500 
cases would be needed for training and testing of a full ANN 


Table 8 Pharmacokinetic data for the IV and IVR groups (*P < 0.05) 


Peak concn (mg litre!) 


Time to peak concn (min) 


AUC,, (mg min litre!) 








Median Range 
IV group 8.55% 5.6-9.2 0.5 
IVR group 3.53 2.3-4.4 5.0 


Median 





Range Median Range 
— 2770 2617-3798 
0.5-10 3028 1986-4184 
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Table 9 Performance of classification methods on unseen test data 


ANN Sensitivity % Specificity % 
A 80.00 81.28 

B 72.91 88,00 

C 76.74 84.37 

D 76.00 76.85 

E 65.12 89.97 

F - 88.00 79.8 

G 64.00 84.73 

H 84.62 94.98 
APACHE II 49.00 94.86 


solution [3]. Age, care delay, postoperative status, sex, and 
Glasgow Coma Score were the variables most often selected by 
the genetic algorithm. The physiological measurements selected 
varied but were spread fairly uniformly across the APACHE II 
set. Chronic Health Stetus was virtually never selected. When 
forced uniformly into the training of ANN H it seems to have 
produced an improvement in the network performance. 
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Effect of an upper respiratory tract infection on upper 
airway reactivity 


N. NANDWANT*, J. H. RAPHAEL AND J. A. LANGTON 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


Many patients presenting for elective surgery will either be 
suffering with or recovering from a recent upper respiratory tract 
infection (URTI). The decision whether or not to anaesthetize 
such a patient is an enduring clinical dilemma, as there is an 
increased risk of respiratory complications including 
laryngospasm [1]. By measuring the threshold concentration of 
ammonia vapour (NH3TR) required to elicit reflex glottic closure 
[2], we aimed to determine whether upper airway reflex sensitivity 
(UARS) changes during the course of an URTI, how long these 
changes might persist and whether they are related to the presence 
of symptoms. 

Twelve volunteers were recruited 24-72 h after symptoms of an 
URTI began. We defined URTI as the presence of nasal and 
throat symptoms, in addition to general malaise. All volunteers 
were non-smokers, on no medication and gave no history of 
asthma or URTI in the previous 3 months. Over the next 8 weeks 
repeated measures of NH,TR were made, and symptoms were 
recorded. Measurements were made on the following days 
(+24 h) after the commencement of symptoms; 3, 6, 9, 15, 20, 27 
and 56. 

Eleven subjects (six male), mean age 39.8 (range 30-58) yr, 
completed the study. One subject was asymptomatic at day 6, 5 at 
day 9 and 10 at day 15. All were asymptomatic by 20 days, and 
remained so until the study ended at day 56. 

Upper airway reactivity as measured by this technique is 
increased during an URTI. The changes appear to return to 
normal by day 15 by which time 10 of the 11 subjects were 
asymptomatic (fig. 2). 
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Correct class % False +ve % False —ve % 
81.14 18.72 16.67 
74.56 27.09 24.12 
83.51 15.63 13.87 
76.75 23.15 20.61 
87.17 10.03 8.90 
80.7 20.2 17.98 
82.46 15.27 13.60 
94.49 5.02 4.78 
89.14 5.14 4.50 
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Figure 2 Ammonia threshold concentration (NH,TR) in 
volunteers with URTI showing the median, interquartile range 
and 10th and 90th percentiles. ** P < 0.01 (Wilcoxon and 
Mann-Whitney U test). 


A fibreoptically guided exchange bougie 


D. P. L. ATHERTON*, E. O’SULLIVAN AND P. CHARTERS 
Department of Anaesthesia, Aintree Hospitals, Liverpool 


The laryngeal mask airway (LMA) has been advocated for use 
after difficult and failed intubation [1] and as a guide to visualize 
the larynx with a fibreoptic laryngoscope (FOL) [2]. We present 
a new piece of equipment, an exchange bougie (Cook (UK) Ltd). 
This study evaluates the exchange bougie as a means of performing 
tracheal intubation. The exchange bougie is 57 cm long with 
external and internal diameters of 6.5 mm and 4.0 mm respect- 
ively. Its side walls are sufficiently rigid so as to prevent it 
buckling when a tracheal tube is railroaded over it and it is 
supplied with a 15-mm male connector and so may be used for 
ventilation. The exchange bougie can be mounted on a FOL and 
passed into the trachea and guided to the larynx by an LMA. A 
tracheal tube may then be railroaded over the exchange bougie. A 
similar technique has been reported in a single patient [3]. 

Twenty-four adult patients were studied. Anaesthesia was 
induced with fentanyl, 1.0 ug kg! and a sleep dose of propofol; 
neuromuscular block was produced with atracurium 0.5 mg kg}. . 
Anaesthesia was maintained with oxygen and isoflurane. After 
3 min an unmodified laryngeal mask airway was inserted, size 3 for 
women and size 4 for men. 

A FOL with an exchange bougie mounted on it was introduced 
through a tracheal tube connector with a sealed side port. The 
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FOL was advanced until the larynx was seen. The view of larynx 
was graded: full, obstructed or not seen. The larynx was then 
entered and the exchange bougie was advanced into the trachea. 
The FOL and the LMA were then removed leaving the exchange 
bougie, over which a tracheal tube was railroaded. The exchange 
bougie was then removed. The tracheal tube position was then 
verified fibreoptically. Ease of entering the larynx and of 
railroading the tracheal tube were scored: easy, difficult or 
impossible. The period from induction of anaesthesia to com- 
pletion was timed. Twelve intubations were performed by a 
consultant experienced in fibreoptic intubation and 12 by a 
registrar inexperienced in this field. 

The average age was 40 yr (sD 15 yr), the average weight was 
76 kg (sD 14kg). All the patients were successfully intubated. 
There were no significant desaturations (i.e. Sag, < 95%). 

The view of the larynx was full in 96 %. Passage into the larynx 
and subsequent railroading of a tracheal tube were found to be 
easy in all patients studied. Mean time from induction of 
anaesthesia to completion was 357 (sp 78) s. 

There was little difference between the results obtained by the 
experienced fibreoptic intubator compared with the inexperienced 
investigator, both learning the technique quickly. 

The exchange bougie has not been evaluated previously. This 
technique may permit orotracheal intubation to be performed 
when direct visualization of the larynx is not possible, either 
electively or in an emergency. It is a simple technique that may be 
learnt easily and performed by the inexperienced fibreoptic 
intubator. 


Key words 
Intubation tracheal, technique. Equipment, exchange bougle. 


References 


1. Brimacombe J, Berry A. Anesthesia and Analgesia 1993; 77: 
398-399. 

2. Payne J. Anaesthesia 1989; 44: 865. 

3. Logan S, Charters P. Anaesthesia 1994; 49: 543-544. 


Effect of reduced density gas breathing on oxygenation 
in ventilated anaesthetized patients 


A. DEVINE*, P. C. W. BEATTY, A. J. MORTIMER 

AND I. T. CAMPBELL 

Untversity Department of Anaesthesia, University Hospital of 
South Manchester, Manchester 


Anaesthesia produces an increase in alveolar to arterial (A-a) 
oxygen tension gradient in both ventilated and spontaneously 
breathing patients. Reducing the breathing gas density using 
helium in awake volunteers [1] and ventilated animals [2] caused 
an unexpected increase in (A-a) gradient. We have found the 
opposite to be the case in anaesthetized spontaneously breathing 
patients [3] and wished to see if this was also the case when 
patients were ventilated mechanically. 

Ten ASA I-III patients with normal spirometry undergoing 
elective surgery were selected. Each patient acted as his or her own 
control, and was anaesthetized using propofol, alfentanil and 
atracurium. They were intubated and started on propofol, 
alfentanil and atracurium infusions. The breathing system 
consisted of a circle circuit with a carbon dioxide absorber and a 
mixing box on the expiratory limb to measure mixed expired gas. 
A Pneupac ventilator was connected in place of the reservoir bag. 
Each patient was chosen randomly to breathe either 40% oxygen 
in helium or 40 % oxygen in nitrogen as the first gas. The fresh gas 
flow was set to 4 litre min“ for 20 min. Gas flow was then reduced 
to 300 ml min~! (Capnomac sampling rate 200 ml min“), the 
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expiratory valve was closed and after a further 5 min, inspired, 
end-tidal and mixed expired oxygen and carbon dioxide were 
measured. The second gas mixture was then introduced and the 
procedure repeated. 

There was no difference in minute ventilation or end-tidal 
carbon dioxide. The A-a oxygen tension gradient was calculated 
from the alveolar gas equation of Filley, Mackintosh and Wright. 
Table 10 shows that there was no difference in Pao, and no 
difference in A-a oxygen tension gradient between the groups. 
However, in the presence of helium, both the arterial carbon 
dioxide and the a-a carbon dioxide tension gradient were greater 
than in the presence of nitrogen. 

The A-a oxygen tension gradient is not changed by helium, 
which is not the case when patients are breathing spontaneously 
[3]. The a-a Dco; was again higher with helium. 

It is postulated that in ventilated patients, reducing breathing 
gas density limits ventilation distribution or the importance of the 
effect of diffusion on gas exchange is reduced. 


Key words 
Gases non-anaesthetic, helium. Oxygen, gradients. 
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POSTER PRESENTATIONS 


Computer-controlled infusion of propofol for long 
neurosurgical procedures 


T. A. Lim*, C. S. T. AUN AND T. GIN* 
Department of Anaesthesia and Intensive Care, Chinese 
University of Hong Kong, Prince of Wales Hospital, Hong Kong 


Computer-controlled infusion of propofol for operations of 
intermediate duration is well documented. This study investigated 
the performance of such a system during long neurosurgical 
procedures. 

Fifteen patients aged 23-52 yr gave written informed consent 
for inclusion in the study. Anaesthesia was induced and main- 
tained with a computer-controlled infusion of propofol using 
variables reported for adult patients [1]. The target concentration 
was titrated according to clinical requirement Arterial blood 
samples were taken at 30-60-min intervals during the infusion, 
and at 0, 1, 2, 4, 6, 8, 10, 15 and 20 min after stopping the infusion. 
Propofol concentration was measured using high performance 
liquid chromatography. The performance of the system was 
assessed using the median performance error (MDPE), median 
absolute performance error (MDAPE), wobble and divergence [2] 
(table 11). Individual concentration—time profiles during recovery 
were modelled to fit a biexponential equation using the non-linear 
regression program MKMODEL (Biosoft, Cambridge). 

The mean duration of infusion was 7.7 (range 3.7-13.2)b. A 
total of 284 blood samples were taken for propofol assay. The half- 
time derived from modelling was shorter than that estimated 
using the infusion variables in 10 out of 13 patients. 


Table 10 Mean partial pressures (SD) in the two groups (kPa) 




















Pao, Paco, D(A—a)o, D(a—A)co, 
He/O, 18.03 (5.07) 5.26 (0.67) 17.81 (4.31) 1.69 (0.42) 
N,/O, 17.39 (6.05) 4.85 (0.58) 16.61 (5.81) 1.17 (0.44) 
P NS < 0.001 NS < 0.001 
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Table 11 Performance measures (25th to 75th percentile) 











During infusion Recovery 
(n = 15) (n = 13) 
MDPE (%) —6.5 —38.7 
(—23-10) (—52—— 24) 
MDAPE (%) 19.1 39.0 
(9-31) (25-52) 
Wobble (%) 8.6 5.4 
(2-19) (2-10) 
Divergence (%/h) 0.8 7.7 


Propofol pharmacokinetics remain stable during anaesthesia 
for neurosurgical procedures lasting up to 12h. However, 
propofol concentrations during recovery were not predicted 
accurately. 


Key words 
Anaesthetic techniques, i.v. Drug delivery, computerized. 
Anaesthetics i.v., propofol. 
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Is the neuronal dihydropyridine binding site on L-type 
calcium channels a target for local anaesthetic agents? 


T. Browne*, K. Hirota* AND D. G. LAMBERT 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


As part of a broader programme of research we have recently 
shown that i.v. anaesthetics interact with neuronal L-type voltage 
sensitive calcium channels (VSCCs) [1]. Sugiyama and Muteki 
suggest that local anaesthetics may also interact with L-type 
VSCCs [2]. In this study we have examined the interaction of 
procaine, prilocaine, lignocaine, bupivacaine and tetracaine with 
the 1,4-dihydropyridine (DHP) binding site in rat cerebrocortical 
membranes. 

Rat cortical membranes were prepared in Tris.HCl 50 mmol 
litre™!, pH 7.4 by homogenization and centrifugation. Binding 
assays were performed in 1 mi volumes of Tris.HCl 50 mmol 
litre"!, pH7.4 for 90min at room temperature using 
approximately 200 ug of protein. Non-specific binding was 
defined in the presence of nifedipine 10-3 mol litre“! and bound 
and free radioactivity were separated by vacuum filtration. The 
effects of local anaesthetics were determined by displacement of 
PHJPN200-110 0.2 nmol litre!. The concentration of displacer 
producing 50% displacement was corrected for the competing 
mass of PH]PN200-110 using a Ky 59 pM [1] to yield Kyo. 

All local anaesthetics tested displaced PHIPN200-110 dose- 
dependently with Kx) values shown in table 12. There was a 
significant correlation (r? = 0.895, P = 0.015) between log Ks 
and the log octanol: buffer partition coefficient [3]. 

These data suggest that, in addition to the classic sodium 
channel block, local anaesthetic agents also interact with L-type 
VSCCs. Further studies will examine the role of the phenyl- 
alkylamine and benzothiazepine binding site on these channels. 


Key words 
Calclum channel block. Anaesthetics local. Dihydropyridines. 
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Assessment of vocal cord function using tussometry 


R. Caranza*, N. NANDWANI* AND T. SOMMERVILLE* 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


Tussometry is a technique for assessing laryngeal function by 
measuring cough peak flow rate (CPFR) and the time taken to 
achieve this, the peak velocity time (PVT) [1]. It has been used to 
assess vocal cord function postoperatively [2]. However, it has 
been shown that PVT is directly related to CPFR, which in turn 
bears a direct relation to lung volume during a cough manoeuvre 
[3]. It has been suggested that interpretation of tussometry is 
effort independent and our aim was to investigate this. 

We studied the expired airflow waveform of 11 healthy 
volunteers (9 males), mean age 32 (range 22-54) yr. After 
familiarization with the technique, each subject gave a maximum 
cough at three different lung volumes; at total lung capacity 
(TLC), at the end of normal inspiration (VT) and at the end of 
normal expiration (FRC), and a cough with submaximal effort at 
TLC. 

We found that CPFR and PVT are dependent upon both lung 
volume and cough effort (table 13). Effect of volume: PVT, P < 
0.05; CPFR, P < 0.02 (Friedman). Effect of effort: PVT, P< 
0.05; CPFR, P < 0.05 (Wilcoxon). 

Our results coincide with previous findings that PVT varies 
directly with CPFR at varying lung volumes [3]. However, there 
is an increase in PVT and a decrease in CPFR with a reduction in 
cough effort. In two volunteers, CPPR was greater when 
submaximal effort was applied. 
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Perioperative pharmacokinetics of transdermal fentanyl 
in young and elderly patients 


J. P. THOMPSON, S. BOWER AND D. J. RowBOTHAM 
University Department of Anaesthesia, Leicester and University 
Department of Anaesthesia, Newcastle 


Transdermal fentanyl is indicated for the treatment of pain in 
patients with malignancy. Although it is not recommended for 
postoperative pain, these patients may present for surgery and it 
may be appropriate to continue its use in the perioperative period. 
Perioperative transdermal fentanyl pharmacokinetics have been 
described [1] but there are few data comparing young and elderly 
patients. 

Two groups of patients (elderly mean (range) 73.7 (64-82) yr; 
young 32.7 (25-38) yr) scheduled for lower abdominal surgery 


Table 12 Effects of local anaesthetics on [7HJPN200-110 binding (mean (SEM) n = 6 each.) *Determined at 25 °C 


Log Kso(mo! litre!) LO8(ocmmnol:buffer)* 





Agent Ko(mmol litre?) 
Procaine 2.23 +0.22 
Prilocaine 2.06+0.11 


Lignocaine 1.24+0.30 
Tetracaine 0.75 +0.12 
Bupivacaine 0.48 +0.05 


—2.65 1.91 
—2.69 2.11 
—2.91 2.48 
—3.12 3.56 
—3.32 3.41 
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Table 13 Effect of different lung volumes and cough effort on peak velocity time (PVT) and cough peak flow rate 


(CPFR) (median (range)) 








Total lung End of normal End of normal Submaximal 

capacity inspiration (VT) expiration (FRC) effort (TLC) 
CPFR (litre min7!) 590 (450-750) 309 (130-570) 275 (150-360) 543 (310-710) 
PVT (ms) 38 (13-61) 28 (5-36) 21 (13-31) 52 (32-85) 


Table 14 Mean (sp) pharmacokinetic values. No significant 
differences except pseudo Tmax (time at the start of the 
apparent plateau). **P = 0.01, Mann—Whitmey U test. 

C,, = mean concentration during plateau. $ = time after patch 
removal 


Young Elderly 
Tax h) 24.5 (10.3) 28.1 (12.9) 
pseudo Tmax (h) 9.2 (6.5) 16.3 (6.1)** 
Crax (ag mi) 2.0 (0.8) 1.3 (0.7) 
Ca (ag m~?) 1.4 (0.6) 1.1 (0.6) 
AUC,_.. (ng h“! mI?) 115 (52) 113 (55) 
EC (ag ml?) 0.6 (0.4) 0.7 (0.4) 
SCs (ng mi!) 0.4 (0.3) 0.5 (0.4) 





were studied (20 total). Exclusion criteria were weight < 50 or 
> 100 kg and significant CNS, respiratory, cardiac, hepatic or 
renal disease. A fentanyl patch (50 ug hi, Janssen-Cilag) was 
applied to the upper anterior chest and temazepam 20 mg given 
orally 2h before surgery. Anaesthesia was induced with a sleep 
dose of thiopentone and maintained with enflurane and nitrous 
oxide in 33% oxygen. Tracheal intubation was facilitated with 
atracurium and the lungs ventilated to normocapnia. I.v. morp- 
hine 0.2 mg kg™} (young) or 0.1 mg kg`! (elderly) was given. 
Neuromuscular block was reversed with neostigmine 2.5 mg and 
atropine 1.2 mg. 

Morphine was available via PCA (bolus 1 mg, lock-out time 
5 min) during the study. Vital signs and pain scores were recorded 
regularly and arterial haemoglobin oxygen saturation was 
measured continuously. The patch was removed 72h after 
application. 

Blood samples (5 ml) were taken from a venous cannula at 0, 2, 
4, 8, 12, 20, 24, 30, 48, 54 and 72 h after patch application and at 
0.5, 1, 2, 4, 6, 10, 20, 24 and 30h after removal. Plasma was 
separated and stored at —20 °C before measurement of fentanyl 
concentration by radioimmunoassay (lower limit of detection 2 pg 
ml!) [2]. 

One elderly patient received fentanyl at induction (data not 
analysed). Patches were removed before the end of the study in 
three elderly (two respiratory depressions, one postoperative 
heemorrhage) and two young patients (one nausea, one dislike of 
blood sampling). 

There were no significant differences in standard pharmaco- 
kinetic values (table 14). However, in common with many 
pharmacokinetic studies, the power of these data are low. 
Significant differences in pseudo Taa may reflect reduced skin 
perfusion in the elderly. The incidence of respiratory depression 
confirms the view that transdermal fentanyl is not appropriate for 
postoperative pain management in opicid-naive patients. 


Key words 
Analgesics opioids, fentanyl. Drug delivery, transdermal. 
Pharmacokinetics. 
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Interaction of vecuronium with recombinant human m2 
muscarinic receptors 


T. M. CEMBALA, B. L. APPADU AND D. G. LAMBERT 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


We have recently shown that a range of steroidal neuromuscular 
blocking agents, including vecuronium, interact with the m2 
muscarinic receptors present in the rat heart [1]. The interaction 
of vecuronium was complex yielding two affinity values. However, 
the major proportion of the binding (80%) occurred with 
relatively high affinity (K, 216 nmol litre-!). A major criticism of 
this study relates to the possibility of species differences in the 
potencies of neuromuscular blocking agents. We have therefore 
re-evaluated the interaction of vecuronium with recombinant 
human m2 muscarinic receptors expressed in Chinese hamster 
ovary (CHOm2) cells. 

CHOm2 cells maintained in minimum essential medium at 
37 °C in 5 % carbon dioxide in air were passaged weekly and refed 
twice weekly. Muscarinic receptor binding studies were 
performed in 1 ml volumes of HEPES 20 mmol litre™!/Mg*+ 
1 mmol litre! (pH 7.4) buffer containing approximately 150 pg of 
membranes. In saturation experiments to calculate receptor 
density (Bman) and equilibrium dissociation constant (Ky) cells 
were incubated with increasing concentrations (0.007-0.867 nmol 
litre) of a radiolabelled muscarinic antagonist n-methyl-scop- 
olamine (PHJNMS). the affinity of vecuronium and 
methoctramine (as an m2 selective reference compound) was 
estimated by displacement of a fixed concentration of NMS (~ 
0.4 nmol litre!) with increasing concentrations of vecuronium 
(1075-3-10 mmol litre). Tissue was incubated for 1h at 37°C 
and non-specific binding was assessed in the presence of atropine 
10 pmol litre!. Bound and free radioactivity were separated by 
rapid vacuum filtration onto Whatman GF/B filters. Bn and Ky 
were calculated according to Scatchard [2]. The concentration of 
vecuronium and methoctramine producing 50% displacement of 
specific binding was corrected for the competing mass of NMS 
according to Cheng and Prusoff [3] to yield the affinity constant 


R. 

The binding of PHINMS was dose-dependent and saturable 
with a Ba and Ka of 165 (13) fmol mg”! protein and 0.15 (0.01 
nmol litre! (n = 5) respectively. The binding of PHINMS was 
displaced dose-dependently by methoctramine with a K of 2.34 
(0.17) nmol litre~! (n = 5) confirming the expression of a homo- 
geneous population of m2 muscarinic receptors. Vecuronium also 
produced a dose-dependent displacement of PHJNMS binding 
with a K; of 127 (24) nmol litre™! (n = 6). 

These data, in cells expressing the recombinant human m2 
muscarinic receptor, confirm our previous findings with the rat 
m2 muscarinic receptor that there is a potent interaction of 
vecuronium with m2 muscarinic receptors. The K; value in 
human appeared approximately twofold more potent than that 
seen in the rat. Further mechanistic studies are currently under 
way. 


Key words 
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Measurement of desflurane partial pressure in blood 


M. A. Smrrn*, S. M. SAPSED-ByRNE*, AND G. G. Lockwoop 
Department of Anaesthesia, Hammersmith Hospital, London 


The measurement of the partial pressure of volatile anaesthetics in 
blood conventionally requires repeated equilibrations of blood 
with air in the headspace of the vessel containing it [1]. We have 
previously used head space analysis successfully to measure the 
partial pressure of isoflurane in blood but met difficulties 
measuring desflurane with the same technique. We describe a 
simple modification of the standard method. 

In our standard method a 2-ml blood sample is placed in a 5-ml 
vial and agitated in a waterbath at 37 °C for 15 min, the isoflurane 
concentration in the vial headspace measured using a gas 
chromatograph (GC), then the headspace flushed with room air. 
This equilibration-measurement-flush cycle is repeated three 
times. A least-squares fit of the four headspace concentrations to 
an exponential washout allows calculation of both the initial 
partial preasure and the blood-gas solubility coefficient. 

We evaluated this technique using blood in a IL-237 tonometer 
with 3% desflurane in air as the equilibrating gas. We found a 
systematic underestimate of the initial partial pressure and an 
overestimate of the blood gas solubility of desflurane compared 
with published data. We blamed this on incomplete flushing of the 
headspace between equilibrations because of trapping of 
desflurane in bubbles and froth within the vial. The effect of this 
will be much greater with desfturane than with isoflurane because 
desflurane is less soluble in blood. We have therefore modified the 
technique. 


British Journal of Anaesthesia 


After the first equilibration and desflurane measurement, the 
vial was opened, blood drawn into a syringe from the bottom of 
the sample and 1 mi was transferred into a new 5 ml vial. For 
simplicity, only onemoreheadspace equilibration and measurement 
was made. Let Py be the partial pressure of desflurane in the 
sample when it was first drawn; let PF, and P, be the partial 
pressures after the first and second equilibrations respectively ; let 
V, Vi and V, be the volumes of the vial (4.8 ml), the first blood 
sample (2 ml) and the sample transferred (1 ml) respectively ; let à 
be the blood gas coefficient; and let Ti be the laboratory air 
temperature in K. The GC readings are multiplied by the factor 
1.03 x 210/7,, to correct for pressure changes in the vial as a 
result of humidification and warming of the air. Then equating the 
amount of desflurane in the vial before and after each equi- 
libration: 

AVA = P VA +P V, — V) 
and 
P Và = PVA + PV, — V) 


The second equation is solved for À and this value is used to 
determine J in the first. P is corrected to dry gas to match the 
tonometer gas sample. The mean error in the sample measurement 
(n = 21) was —0.2% of the tonometer reading, and the 95% CI 
for an individual measurement was +8%. Although the 
variation in our results is greater than in published work using 
isoflurane, comparable results for desflurane are not available. 
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exchange. 
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CORRESPONDENCE 





CSF progesterone and spread of 
subarachnoid anaesthesia in pregnancy 


Sir,-—Hirabayashi and colleagues [1] suggested that a sustained (at 
least 3-4 months) increase in cerebrospinal fluid (CSF) pro- 
gesterone concentration may be necessary to produce enhanced 
spread of spinal anaesthesia in pregnant women. We believe that 
these conclusions are misleading and unsupported by the results. 

Maximum cephalad spread of analgesia was quoted as being 
higher in the second trimester compared with the first, but there 
were no results of statistical tests that directly compared these two 
trimesters. Median maximum cephalad spread of analgesia was 
the same (T4) in the first and second trimesters, and this makes it 
unlikely, although not impossible, that there was a significant 
difference between the two groups. The figures do not show all 
data points, perhaps because overlapping points are not separated, 
and it was impossible for us to confirm the results. 

The CSF progesterone concentration data were also surprising. 
CSF progesterone concentrations were said to be increased 
similarly in the early and middle stages of pregnancy. This 
appeared to form the basis for Hirabayashi and colleagues 
suggesting that chronic exposure to progesterone increased spread 
of spinal anaesthesia (assuming that there really is increased 
spread in the second trimeter compared with the first). However, 
the results stated that there was no significant increase in CSF 
progesterone concentration during early and middle pregnancy 
compared with the control group. The CSF progesterone 
concentration data were further complicated by the larger number 
of patients with undetectable progesterone, even at term gestation. 
Other studies have detected CSF progesterone concentrations in 
all patients (2, 3], with mean concentrations at term gestation 
approximately double those reported by Hirabayashi and col- 
leagues. 

Given the wide variation in both the CSF progesterone 
concentration and the spread of spinal anaesthesia, we are not 
convinced that a meaningful association can be made between 
chronic exposure to progesterone and increased spread of 
analgesia. The study design certainly does not permit one to 
conclude that progesterone may be a causative factor. 

The suggestion that chronic exposure to progesterone may be 
necessary for increased sensitivity of nerves to local angesthetics 
was derived from a series of in vitro studies using rabbit vagus 
nerves [4]. However, the same research group has recently 
reported that bupivacaine conduction block of B and C fibres in 
desheathed vagus nerves was similar in pregnant and non- 
pregnant rabbits [5]. It was concluded that previous data on 
progesterone and nerve sensitivity to local anaesthetics were a 
result of increased diffusion of bupivacaine through the nerve 
sheath rather than a direct action on the nerve itself. Therefore, 
the effect of progesterone on nerve block after intrathecal 
administration of local anaesthetics remains uncertain. 

Hirabayashi and colleagues quickly dismissed mechanical 
factors as a possible cause for increased spread of spinal 
anaesthesia in the second trimester, but did not provide supporting 
evidence. Anatomically, the gravid uterus is first palpable above 
the pubic symphysis at 12 weeks’ gestation. By 16 weeks’ gestation, 
the uterus extends above the sacral promontory where the inferior 
vena cava usually bifurcates [6]. Caval compression may occur in 
early pregnancy. When pregnant women of 13-16 weeks’ gestation 
were placed supine, direct femoral venous pressure measurements 
increased by 50% [7]. It is thus possible that a progressive 
increase in caval compression throughout pregnancy may con- 
tribute to a progressive increase in the spread of spinal anaesthesia. 

Although not specifically stated in the article, we wonder if data 
from some of the patients in this study have been reported 
previously [8]. In that article, it was also concluded that maximum 
cephalad spread of analgesia was higher in the second trimester 
compared with the first. Again, there were no statistics provided 
that directly compared the two trimesters. 

By arguing that spread of sensory block in the second trimester 
is greater than that in the first trimester but similar to that at term, 
the authors have implied in both reports that there is a cut-off 
point in the second trimester where spread of sensory block 


increases. Given the progressive nature of pregnancy and artificial 
division of gestation into trimesters, it may be just as likely that 
there is a gradual increase in spread of sensory block from the non- 
pregnant state to term gestation, whatever the cause(s). 

We also suggest that there may be bias in the conclusion that 
CSF progesterone concentrations were greater in twin pregnancies 
compared with singleton pregnancies in the third trimester. 
Figure 1 shows that in the third trimester group (25—36 weeks), at 
least four of the singleton pregnancies were between 25 and 27 
weeks, while none of the twin pregnancies was less than 32 weeks. 
There is an inconsistency between table 1, which lists the smallest 
weight in the second trimester group as 50 kg, and table 2, where 
the corresponding minimum weight is 40 kg. 


M. T. V. CHAN 
T. Gin 
Department of Anaesthesia and Intenstve Care 
Chinese University of Hong Kong 
Prince of Wales Hospital 
Hong Kong 
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Sir,—In our study, we found a small, non-significant increase 
in CSF progesterone concentration in the first trimester and 
second trimester groups. In addition, we found higher cephalad 
spread of analgesia in the second trimester group compared with 
the non-pregnant group. Cephalad spread of analgesia in the first 
trimester group was similar to that of the non-pregnant group. 
From this we concluded that not only a minimum concentration 
of progesterone in CSF but also a particular duration of exposure 
to elevated CSF progesterone concentrations may be necessary for 
enhancement of spread of spinal anaesthesia. I studied the report 
of Lambert and colleagues [1] and understood that the effect of 
pregnancy on neural block observed in their earlier studies [2, 3] 
may be caused by increased diffusion of bupivacaine through the 
nerve sheath and not a direct effect on the nerve itself. Both CSF 
progesterone concentration and spread of spinal anaesthesia show 
a wide variation in clinical practice. Consequently, I also 
understand that further studies are needed to draw final 
conclusions on the direct involvement of progesterone with 
pregnancy-induced enhancement of spinal anaesthesia. 

Because unfortunately we did not measure plasma progesterone 
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concentration simultaneously in our study, we cannot determine 
the reason why there are some disparities in CSF progesterone 
concentration between previously reported studies and ours. I 
suggest that racial differences might contribute to the disparities. 

By 20 weeks of pregnancy the uterus is spheroid, and thereafter 
becomes more and more elongated as the conceptus is converted 
from spheroid to cylindrical form [4]. At 16 weeks, the fundus of 
the uterus rises to approximately half of the distance between the 
symphysis and the umbilicus, and it is at the umbilicus by 20 
weeks [5]. The spheroidal uterus may occupy a considerable space 
in the pelvic cavity and may increase femoral venous pressure. 
However, it remains uncertain if this increase in femoral venous 
pressure is accompanied by engorgement of the extradural venous 
plexus. Many patients with gynaecological tumours have an 
increased femoral venous pressure comparable in magnitude with 
that seen in the latter months of pregnancy [6]. However, to our 
knowledge, there are no studies which demonstrate that such 
patients usually show higher spread of spinal anaesthesia com- 
pared with patients without gynaecological tumours. I suggest that 
the inferior vena cava, which is formed on the right side of the 5th 
lumbar vertebra by the junction of the two common iliac veins [7, 
8], may not be compressed by the spheroidal uterus. Nevertheless, 
because there are no studies which have determined when the 
enlarged pregnant uterus begins to compress the inferior vena 
cava and engorge the extradural venous plexus [9], further studies 
focusing on this issue should be performed. 

We reported previously on the spread of subarachnoid hyper- 
baric amethocaine in pregnant women [10]. In that report, we 
collected data on the spread of sensory block from 90 patients. We 
anaesthetized these patients with amethocaine 8 mg, but did not 
collect any CSF. The patients in our previous study differed from 
the 134 patients in the present study in which 1 ml of CSF was 
withdrawn just before administration of amethocaine 8 mg. Both 
the methodology and patients examined in these two studies were 
different. 

I agree with the suggestion that artificial division of pregnancy 
into trimesters is not possible for evaluation of pregnancy-induced 
enhancement of spread of spinal anaesthesia which may increase 
gradually. However, I believe that this division of pregnancy into 
trimesters, which is standard practice in prenatal care, provides 
useful information in clinical management of spinal anaesthesia. 
Pregnancy during the first trimester does not affect spread of 
spinal anaesthesia, while pregnancy during the second trimester 
until term enhances it. What is required is to determine when 
enhancement begins to develop, especially in the second trimester 
of pregnancy. 

We had compared CSF progesterone concentrations in 40 twin 
pregnancies (median 36 (range 12-38) weeks of pregnancy) with 
those in 81 singleton pregnancies (37 (8-41) weeks of pregnancy), 
when we analysed the data in the present study. The results 
confirmed that CSF progesterone concentrations were greater in 
twin pregnancies than in singleton pregnancies (mean 1.51 (sD 
1.33) ng ml"! vs 0.73 (0.83) ng ml~!; P = 0.001). Finally, table 1 
in our article contains an error. The smallest weight in the second 
trimester group was 40 kg (not 50 kg). This typographic error has 
not affected the statistical analyses and we apologize for this 
mistake. 

Y. HIRABAYASHI 
Department of Anaesthesiology 
Fichi Medical School 
Tochigi, Japan 
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Sevoflurane 


Sir,—I read with interest the recent review article on sevoflurane 
[1]. There are, however, two points that were inadequately 
considered. 

The section on renal toxicity was largely limited to the effects of 
increased serum fluoride concentrations; the potential for renal 
toxicity caused by renal tubular damage after production of 
compound A was questioned [1]. The authors failed to highlight 
that the clinical studies to date, although without reports of 
nephrotoxicity, have largely examined indices of glomerular 
function [2,3]. The functional reserve of the kidney prevents 
renal toxicity being detected, except in circumstances of severe 
injury. Studies that have attempted to assess tubular damage have 
used relatively high fresh gas flows, thereby limiting production of 
compound A [4]. This also reflects the difficulty in accepting the 
large clinical experience gained with sevoflurane in Japan, because 
of the commonly used high fresh gas flows. The safety of 
sevoflurane in low-flow anaesthesia remains to be established. 

In the discussion regarding the renal toxicity of compound A, 
the authors mentioned a conflict of interest in a previous study [5] 
and the effect this may have on objectivity [6]. The source of 
research funding, and the possible effect on bias and integrity, are 
important issues that should always be declared. In contrast, the 
authors failed to acknowledge their own previous involvement 
with Abbott Laboratories [7]. This clearly represents a similar 
conflict of interest to the one they highlighted. Omission of this 
fact from the article represents a considerable oversight that must 
be addressed. As Dr Saidman stated “the overriding opinion is 
that all relevant financial interests and potential conflicts be 
disclosed, which at a minimum allows the audience, be it the 
readership of a journal or those attending a lecture, to judge 
themselves whether the data being described are accurate, and 
that the conclusions and recommendations are fairly stated” [6]. 


M. DANIEL 
Department of Anaesthesia 
Glasgow Royal Infirmary 
Glasgow 
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parison with propofol. Anesthesia and Analgesia 1995; 81: 
823-828. 


Sir,—Thank you for allowing us to respond to Dr Daniel. Our 
section on renal toxicity was primarily directed towards elevated 
serum fluoride concentrations because human nephrotoxicity has 
occurred previously with methoxyflurane. Until relatively re- 
cently, toxicity was believed to be an inevitable consequence of 
exceeding a “threshold” serum fluoride concentration. As 
concentrations in excess of 50 pmol litre~! are not infrequently 
produced by exposure to clinically relevant concentrations of 
sevoflurane, it was necessary to examine the evidence for fluoride- 
related nephrotoxicity with sevoflurane. It was partly the lack of 
such toxicity which has led to an increased understanding of the 
relationship between fluoride-producing anaesthetics and renal 
damage. 

In contrast, it is not known if compound A is nephrotoxic to 
humans or, if it is, by what mechanism or at what concentrations. 
In the rat, compound A is nephrotoxic. The LD. is approximately 
1000 ppm, although histological signs of tubular damage are seen 
in rats exposed to concentrations of 50 ppm or more of compound 
A. It is not yet clear what is the natural history of these lesions in 
rats. Of greater importance, it is by mo means certain that 
compound A is as toxic to humans as it is to rats. Recent evidence 
from Kharasch’s group [1] suggests that compound A has to 
undergo further metabolism to produce nephrotoxicity. The 
pathway by which this occurs is approximately 10 times more 
active in rodents compared with humans, suggesting that 
compound A may indeed be substantially less harmful to humans 
[1]. This is supported by the absence to date of any signs of renal 
dysfunction (tubular or glomerular) in humans exposed to 
sevoflurane under a wide range of clinical conditions. A recent 
Japanese study showed no evidence of renal or hepatic toxicity 
after 13 MAC-h of anaesthesia in 50 patients exposed to 
sevoflurane at a total flow rate of 1 litre min=! [2]. Rather than 
“limiting compound A production”, this regimen produced a 
mean level of 24.6 ppm (range 13.6-41.3 ppm). Nevertheless, 
postoperative indices of hepatic and renal function did not differ 
significantly from a control group who received a comparable 
isoflurane anaesthetic [2]. Although it is true that much of the 
Japanese clinical experience involves moderately high flows, the 
routine use of sevoflurane since the early 1990s in Japan has 
encompassed a far broader range of conditions and pre-existing 
pathologies than would ever be allowed within the constraints of 
a research project. Despite this, no pattern of renal damage has 
emerged. The author may be correct when he stated that “the 
functional reserve of the kidney prevents renal toxicity being 
detected except in circumstances of severe injury”. However, the 
same mechanism also limits the clinical significance of any such 
minor toxicity [3]. Finally, the Committee on Safety of Medicines 
has reviewed published data on sevoflurane and data on file with 
Abbott (which was not available to the authors of this review) and 
concluded that there is no evidence to support the avoidance of 
sevoflurane in low-flow anaesthesia. 

With regard to conflict of interest, the authors have previously 
(in common with many other researchers) received financial 
support from the pharmaceutical industry to conduct clinical 
studies. Two of our previous studies with sevoflurane received 
such support [4, 5], which was openly declared when they were 
published. Many of the articles by other authors which we 
reviewed will also have received commercial support. However, 
the authors are not employed (partly or wholly) by Abbott, they 
did not receive any financial support from Abbott in association 
with the production of this review article, and the article was not 
submitted to Abbott for review before publication. In addition, 
some of the authors have also previously received financial 
support from IC]-Zeneca (the makers of propofol), Ohmeda and 
Pharmacia (the manufacturers and distributors of desflurane) for 
studies with products which could be considered commercial 
“rivals” to sevoflurane. For these reasons, we did not mention our 
previous “involvement” with (any) pharmaceutical company. In 
contrast, the conflict of interest referred to in our review 
concerned work relating to sevoflurane by an individual who is a 
paid consultant to Ohmeda, the manufacturers of a rival product. 
The authors accept that in an ideal world, all research would be 
totally independent of drug company finances. However, is there 
not a difference between industry support of research and a 
regular income for advising a pharmaceutical company on 
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marketing and promotional matters? Perhaps the readership of 
the British Journal of Anaesthesia would like to judge this issue for 


themselves. 
I. SMITH 
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Removal of extradural catheters 


Sir,—Two previous communications [1,2] have commented 
upon removal of extradural catheters. My experience supports the 
view put forward by Morris [2]. In two cases of ankylosing 
spondylitis who had undergone total hip replacement the junior 
resident was unable to remove the extradural catheter on the 
fourth post-operative day; in both, the extradural catheter had 
been inserted in the left lateral position under general anaesthesia. 
The lumber spine in both patients was partially fused and the 
extradural placement was technically difficult. I was also unable to 
remove the catheter in the flexed sitting position, but on turning 
the patient into the left lateral position with flexion, the catheters 
were removed without any problems. 

In the postoperative period, extradural catheters are usually 
removed in the flexed sitting position because of patient comfort. 
I suggest that in patients with technically difficult extradural 
catheter placement the catheter should be removed in the same 
position as that used for insertion and undue force should not be 
applied. I further suggest that the nurses and residents should be 
made aware of this simple manoeuvre, and the position in which 
a catheter has been inserted should be written on the anaesthesia 


records. 
A. TRIKHA 
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Optimal intracuff pressures with the 


laryngeal mask 


Sir,—We read with interest the article by Morris and Marjot 
demonstrating that laryngeal mask airway (LMA) cuff pressures 
can be reduced to 22 mm Hg without significantly affecting tidal 
ventilation in spontaneously breathing anaesthetized patients [1]. 
While agreeing that reducing intracuff pressure may minimize 
pharyngeal morbidity, we suggest that perioperative cuff deflation 
to such low pressures may be potentially hazardous. 

A major function of the LMA cuff during spontaneous 
breathing is to protect the larynx from oropharyngeal saliva. To 
perform this function an oropharyngeal leak pressure of up to 
10 cm H,O may be required (the approximate pressure of fluid at 
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the posterior pharyngeal wall if the oral cavity is flooded). An 
intracuff pressure of 22 mm Hg may or may not be sufficient to 
ensure an adequate seal to prevent contamination of the larynx 
with oropharyngeal secretions depending on the factors outlined 
above. We would therefore suggest that in patients undergoing 
spontaneous ventilation a leak pressure of greater than 
10 cm H,0 is a more useful guide to airway safety than intracuff 
pressure alone. Other factors, such as avoidance of lignocaine gel 
for lubrication, choice of correct size of LMA and ensuring that 
tension in the pilot balloon does not increase during nitrous oxide 
anaesthesia may help minimize the risks of pharyngeal morbidity. 

The authors infer that pharyngeal mucosal blood flow may be 
significantly impaired at commonly used cuff pressures. This 
concept was based on a study by Marjot where mucosal pressures 
were calculated, but not measured directly [2]. Hamakawa, 
Nakamura and Kawasaki directly measured the pressure on the 
middle part of the outside of the LMA and showed that extracuff 
pressure is approximately 25 mm Hg and does not increase during 
oxygen-nitrous oxide anaesthesia, despite increases in intracuff 
pressure [3]. Although there are obvious limitations to measuring 
pressure at one arbitrary point, this study may help to explain why 
pharyngeal morbidity is uncommon. It also confirms that the 
relationship between intracuff and pharyngeal mucosal pressure is 
non-linear making guidelines based on intracuff pressures alone 
less useful. 

It is important to distinguish between pressure in the cuff, 
pressure exerted by the cuff on the mucosa and pressure in the 
airway at which leaks occur. Unfortunately because of the nature 
of the anatomy surrounding the mask and the low probability that 
the mask is exactly the right size for any given patient, there can 
be no fixed relationship between these three variables. It is 
therefore logical to determine an intracuff pressure which provides 
an effective seal empirically, a “just seal” pressure. This value is 
higher if the mask is small relative to the anatomical space 
available and lower if the mask is large relative to the available 
space. For this reason it is sensible to choose as large a size of mask 
as possible in order to ensure the “‘just seal” pressure is as low as 
possible. The smaller the mark relative to the patient, the weaker 
the relationship between intracuff pressure and average pressure 
on the mucosa, as the elastic material of the cuff is being stretched 
relatively more than the tissues surrounding it. On the other hand, 
because the cuff surface becomes more rigid with increasing 
intracuff pressure, local high pressure points may develop if 
excessive stretching of a small mask is resorted to as a means of 
achieving a seal in a large patient. The inventor suggests that to 
determine correct mask size a good rule of thumb is to use the 
largest size which is not displaced out of the pharynx after 
insertion when the cuff is inflated to a pressure of 60 cm H,O. 

Finally, a new recommendation is to appear in the forthcoming 
updated LMA instruction manual stating that smoothest recovery 
is likely to be obtained by reducing intracuff pressure to the 
minimum required to maintain an effective seal. This must be 
done with care to avoid accidental laryngeal contamination and 
should be carried out by the anaesthetist rather than delegated to 
the recovery staff. Cuff overinflation may cause premature 
rejection of the LMA or provocation of incomplete and therefore 
ineffective reflex responses. This may promote laryngeal spasm or 
regurgitation. Full deflation of the cuff should only occur 
synchronously with removal of the LMA to avoid secretions 
entering the larynx and provoking laryngeal spasm. Alternatively, 
the LMA may be removed with the cuff still moderately inflated 
to aid more complete removal of salivary secretions. 
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Sir,—Thank you for the opportunity to reply to Drs Brimacombe, 
Berry and Brain. 

The excessively high intracuff pressures of the laryngeal mask 
in situ have been reported by various independent workers [1-3]. 
There are two crucial questions raised by this finding. 

First, is a significant proportion of this pressure arising as a 
result of pressure on the adjacent pharyngeal mucosa? There is 
evidence to suggest that this is the case (2, 3], although no one as 
yet has implanted a pressure transducer into the pharyngeal 
mucosa. We were unable to trace the referenced work by 
Hamakawa, Nakamura and Kawasaki from the citation given. Our 
study was designed to determine if the manoeuvre of reducing 
intracuff volume and pressure during anaesthesia, which have 
been advocated by these authors and others [1, 4-6], was feasible 
in practice. To this end, we reduced intracuff pressure to the 
unequivocally ‘“‘safe” pressure of 22 mm Hg (that of an estimated 
mucosal capillary perfusion pressure), and studied its effect on the 
primary function of the LMA, namely the unobstructed con- 
veyancing of tidal ventilation from the anaesthetic breathing 
system to the patient’s lungs. Any secondary function of laryngeal 
protection from oropharyngeal secretions was not investigated 
(although there was no evidence of this manifesting as laryngo~ 
spasm, coughing, etc). We agree that unless intracuff pressure is 
reduced to a safe level, then monitoring is meaningless, as it is 
impossible to distinguish that proportion resulting from pressure 
on the mucosa and that of stretching the cuff. Yet, intracuff 
pressure monitoring is still recommended by the manufacturers 
and others [1, 7, 8]. The advice to deflate the cuff to a 10 cm H,O 
“leak pressure” and the feeling of the “tension of the pilot 
balloon” would seem to be crude and unsubstantiated gauges of 
intracuff and therefore mucosal pressures. However, these may be 
the simplest methods of ensuring cuff volumes are kept to a 
minimum in practice. 

The second question is whether pressure on the pharyngeal 
mucosa by the LMA cuff causes problems. Are we looking for a 
cure to a problem that does not exist? The LMA has rightly been 
embraced into anaesthetic practice throughout the world. The 
paucity in the international literature of morbidity resulting from 
the LMA cuff would indicate that the risks are very small. Perhaps 
it is now time to acknowledge this and dispense with the 
recommendation of intracuff monitoring, then the LMA could 
rest (or wedge) in peace. R. M. Mayor 
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Prevention of cardiovascular response to 
tracheal intubation 


Sir,—We were interested to read the recently published article on 
the effects of nicardipine, diltiazem and verapamil in controlling 
the cardiovascular responses to tracheal intubation by Mikawa 
and colleagues [1]. We would like to offer some comments. 
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The authors stated that anaesthesia was induced in a rapid- 
sequence manner by administering thiopentone and vecuronium, 
and ventilating the lungs with 1% isoflurane and 50% nitrous 
oxide in oxygen, and laryngoscopy was carried out 2 min after 
administration of thiopentone—-vecuronium. This is not the correct 
use of an accepted terminology. The accepted meaning of rapid- 
sequence induction of anaesthesia is a sequence which allows 
rapid intubation of the trachea without manual ventilation of the 
lungs and with cricoid pressure applied to prevent passive 
regurgitation and aspiration of gastric contents. 

Verapamil is effective in attenuating the pressor response but 
does not control the tachycardia after laryngoscopy and intubation 
(2, 3]. In this study, heart rate was increased from a mean of 80 to 
100 beat min-! or more after administration of verapamil before 
laryngoscopy and intubation. With these values, it is difficult to 
conclude, as they did, that verapamil successfully attenuated the 
increase in heart rate after intubation. In their previous study 
using a similar anaesthetic technique, they could not demonstrate 
the role of verapamil in preventing the tachycardic response [2]. 
In this study, it may have been possible to demonstrate attenuation 
of tachycardia if they had omitted atropine as premedication. 

With regard to measurements of plasma concentrations of 
adrenaline and noradrenaline, it has been shown that N-type 
calcium channels are responsible for release of neurotransmitters, 
and so-called classic calcium channel antagonists such as nicardi- 
pine, verapamil, diltiazem and others do not have much interaction 
with these channels [4]. On theoretical grounds it would be 
expected that these calcium channel blockers would have no effect 
on plasma concentrations of catecholamines after laryngoscopy 
and intubation. 

Among the different methods used for attenuating undesirable 
cardiovascular responses to tracheal intubation, short-acting 
opioids appear to have a reliable and constant effect but they may 
contribute to postoperative respiratory depression. Lignocaine is 
the drug used most often, but its efficacy has been questioned in 
recent studies [5,6]. Nebulized bupivacaine is only partially 
effective in blunting the haemodynamic response to tracheal 
intubation [7]. Beta blockers prevent tachycardia more than the 
pressor response [8] and because of their depressant effect on the 
myocardium, their role still remains to be defined, especially in 
patients with cardiac disease. A combination of esmolol and 
alfentanil has been shown to reliably suppress the response to 
laryngoscopy and intubation [9]. Clonidine and calcium channel 
blockers seem to be less effective in preventing haemodynamic 
alterations [10]. The risk of hypotension from calcium channel 
blockers such as nicardipine and verapamil when used with 
inhalation agents for maintenance of anaesthesia should be 
constantly borne in mind. Therefore, in clinical practice it is more 
appropriate to use a sufficient dose of an ultra-short-acting drug 
with a rapid onset to attenuate both hypertension and tachycardia. 
This should neither potentiate the depressant effect of anaesthetic 
agents used for maintenance of anaesthesia nor potentiate 
neuromuscular block. A.M E 
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Tea-total 


Sir,—Is the British Journal of Anaesthesia introducing a neologism 
or is the spelling of teetotal (tea-total [1]) different east of the 
Pennines? Dick Turner is stirring uneasily beneath his Preston 
(Lancashire) tombstone which bears the inscription: “Beneath 
this stone are deposited the remains of Richard Turner, author of 
the word Teetotal as applied to abstinence from all intoxicating 
liquors, who departed this life on the 27th day of October, 1846, 


aged 56 years” [2]. LM 
` Chandlers Ford 
Hants 


1. Snook NJ, O’Beirne HA, Enright S, Young Y, Bellamy MC. 
Use of recombinant human erythropoietin to facilitate liver 
transplantation in a Jehovah’s Witness. British Journal of 
Anaesthesia 1996; 76: 740-743. 

2. Brewers Dictionary of Phrase and Fable. Great Britain: 
William Clowes, 1953. 


Analgesia: dose-effect or pre-emptive effect? 


Sir,—We were interested to read the recently published double- 
blind study on the influence of dose and timing of administration 
of morphine on postoperative pain and analgesic requirements by 
Mansfield, James and Kinsella [1] and would like to offer some 
comments. 

In this study patients undergoing abdominal hysterectomy were 
allocated randomly to receive one of three different analgesic 
regimens: morphine 0.3 mg kg™! before the start of surgery (pre- 
high), morphine 0.15 mgkg™! before surgery (pre-low) and 
morphine 0.15 mg kg~! at the start of abdominal closure (post- 
low). The dose of i.v. morphine given in the recovery room, total 
24-h morphine PCAS requirements and total dose of morphine in 
the perioperative period, including that given in theatre, were 
recorded. Statistical analysis revealed reduced 24h use of 
morphine in the pre-high group compared with the pre-low and 
post-low groups. When total perioperative morphine consumption 
was analysed, there was a significant difference between the pre- 
high and post-low groups only. On the basis of these analyses the 
study reported evidence of pre-emptive analgesia. 

We are concerned that patients given morphine 0.15 mg kg! on 
abdominal closure apparently received no intraoperative analgesic 
supplements other than 66% nitrous oxide. Could the authors 
comment as to how adequate analgesia was ensured in the 
peroperative period in order to satisfy ethical considerations in the 
post-low-dose group? 

Is it possible the results of this study indicated that a large dose 
of morphine provided better analgesia than a small dose of 
morphine, rather than providing evidence of pre-emptive anal- 
gesia? It is unclear if the analysis of 24-h postoperative morphine 
dose included total PCAS requirements in the first 24 h in addition 
to recovery room analgesic requirements, as no specific information 
was given on the dose of morphine administered immediately after 
operation in the recovery room. If 24-h morphine requirements 
included both recovery room morphine supplements and 24-h 
PCAS requirements, it is possible that administration of morphine 
in the recovery room was solely responsible for the significant 
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differences. In theory, pre-emptive analgesia should reduce both 
immediate postoperative requirements and subsequent PCAS 
needs. However, a larger dose of morphine without a pre-emptive 
effect would still reduce immediate postoperative analgesic 
requirements, although it would not influence later PCAS needs. 
In order to correctly interpret the statistical analysis of this study, 
a comparison of immediate analgesic requirements in the recovery 
room and subsequent 24-h PCAS requirements would be helpful. 

The total dose of morphine given in the perioperative period 
did not differ between the pre-high (63 mg) and pre-low (65 mg) 
groups. The 24-h postoperative and total postoperative require- 
ments did not differ between the pre-low and post-low groups, 
and therefore it seems questionable to conclude that pre-emptive 
morphine reduced postoperative analgesic requirements. We 
believe the results of this study are consistent with a different 
interpretation, that is a higher dose of morphine gives better 
postoperative analgesia than a low dose of morphine. If this is the 
case then the findings of this study are consistent with those of 
Collis and colleagues [2] where no significant difference was found 
in postoperative analgesic requirements in patients who received 
morphine 10 or 20 mg before operation. 

Relative lack of pre-emptive effect of opioids could probably be 
explained in terms of “fos expression” which is a useful marker 
of the effect of peripheral noxious stimuli on postsynaptic spinal 
cord neurones. Fos expression is not completely suppressed even 
with a very high dose of systemic morphine, given before onset of 
nociceptive stimuli, indicating that substantial nociceptive traffic 
can still occur [3]. There has been a concern that pre-emptive 
administration of opioids apparently increases pain perception in 
the late postoperative period [4, 5]. 

Various randomized controlled trials with NSAID, local 
anaesthetic block, opioids, including morphine, administered 
before operation have failed to show any pre-emptive effect on 
postoperative analgesia [6]. Even multimodal analgesia before 
surgery did not reduce post-thoracotomy pain or analgesic 
requirements [7]. However, an NMDA antagonist administered 
before and after injury has been shown to improve analgesic effect 
[8] and future clinical trials of pre-emptive analgesia using an 
NMDA antagonist and morphine would be worthwhile. 


A. MALLICK 

N. M. DEARDEN 
Academic Unit of Anaesthesia 
The General Infirmary at Leeds 
Leeds 
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Sir,—Thank you for the opportunity to respond to the points 
raised by Drs Mallick and Dearden. They are correct in stating 


British Journal of Anaesthesia 


that patients in the post group (morphine 0.15 mgkg™ on 
peritoneal closure) received no analgesia other than nitrous oxide 
until near the end of operation. All patients did, however, receive 
morphine either before or during surgery, well before awakening 
after general anaesthesia. In addition, the pattern of analgesic 
consumption and pain scores do not support the hypothesis that 
the post group suffered significantly more pain than the two other 
groups. As this method has been used by other workers, including 
Richmond and colleagues (reference [4] quoted by Mallick and 
Dearden), we do not believe there is any ethical dilemma relating 
to our methodology. 

Drs Mallick and Dearden ask if it is possible that our study 
“indicated that a large dose of morphine provided better analgesia 
than a small dose, rather than evidence of pre-emptive analgesia ”. 
First, we did not demonstrate better analgesia in the pre-high 
group (although pain scores were consistently lower in this group, 
the difference between groups was not statistically significant). 
Second, we were careful not to conclude a pre-emptive analgesic 
effect from our results. We did conclude that “a large dose of 
morphine administered on induction of anaesthesia significantly 
reduced postoperative morphine requirements from a PCA 
machine compared with a smaller dose given on induction of 
anaesthesia or at the time of abdominal closure”. While it is 
possible that this is indeed a pre-emptive analgesic effect of a large 
dose of morphine, we have not tested this hypothesis in our study. 

Table 1 shows the amount of morphine administered by us in 
the recovery ward and PCA morphine use by the patient, from the 
end of surgery until 24h after operation. 


Table 1 Morphine consumption in the recovery room and 
PCA morphine use, from the end of surgery until 24 h after 
operation (median (interquartile range)) 








Group 

Post Pre-low  Pre-high 

(n = 18) (n= 22) (n= 20) 
Morphine in recovery (mg) 3.5 3.0 0.0 

(0-17.5) (0-7.5) (0-5.0) 
24-h PCA morphine (mg) 61 54 40 

(51-79) (45-65) (30-49) 





While there appears to have been less morphine administered in 
recovery in the pre-high group compared with the post group, this 
was not statistically significant (P = 0.45, Kruskal-Wallis). As 
found in the original data analysis, there was a significant 
difference in the amount of morphine used by patients (PCA) in 
the pre-high group compared with the post group (P = 0.0002) 
and the pre-low group (P = 0.0015, Kruskal-Wallis) but there 
was no difference between the pre-low and post groups. The 
suggestion by Mallick and Dearden thart the difference in 
postoperative morphine consumption was caused primarily by an 
effect in the recovery room is not, therefore, supported. 

Finally, we agree with the hypothesis that NMDA antagonists 
may have a useful role in postoperative pain relief, although this 
was not tested in our study, Whether they will prove to have a pre- 
emptive effect remains speculative. It seems unlikely that any 
single group of analgesic agents will ever be able to abolish pain 
completely, and that multimodal analgesic strategies are required 
to optimize postoperative pain relief. 

M. D. MANSFIELD 


J. KINSELLA 
Glasgow Royal Infirmary 
Glasgow 


Convective warming after CABG 


Sir, —I read the article of Harrison and Ponte on convective 
warming [1] with great interest. Have the authors considered the 
effect of propofol on thermoregulation? It was administered to all 
patients at a rate of 50-200 mg h7!. Propofol is a well known 
vasodilator and may have caused vasodilatation in addition to that 
caused by glyceryl trinitrate. Propofol is also known to attenuate 
adrenaline and noradrenaline release which would alter the rate of 
thermogenesis [2]. Was there any significant difference between 
the dose of propofol administered in each group? 
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The authors administered glyceryl trinitrate at a rate of at least 
15 mg h7™ to both control and study patients. As the effect of the 
Bair Hugger is to cause further vasodilatation, did the authors find 
that less glyceryl trinitrate was subsequently required in this 
group compared with the control group, and if so, could this have 
influenced their results? 

The authors dismissed the possibility that large doses of 
glyceryl trinitrate used in the study accelerated cutaneous heat 
loss from the control group because of rewarming “‘at a rate close 
to that usually observed in the absence of glyceryl trinitrate”. It 
would have been interesting to know how the rate of rewarming in 
the control group compared with “that usually observed”. It 
appears that peripheral temperatures in the control group were 
significantly colder during the first 2 h after operation compared 
with the Bair Hugger group. As heat from the peripheral 
compartment does not flow up a gradient to the core, it would 
appear that peripheral cooling could only be caused by loss of heat 
across the skin to the environment. 

The peripheral temperature sites of toe and fingertip may be 
inaccurate in patients with severe peripheral vascular disease. 
Were these patients excluded from the study? 


C. D. DEARIN 
Shackleton Department of Anaesthetics 
Southampton General Hospital 


Southampton 
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2. Biddle NL, Gelb AW, Hamilton JT. Propofol differentially 
attenuates the responses to exogenous and endogenous 
norepinephrine in the isolated rat femoral artery in vitro. 
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Sir,—Our purpose was not to study thermoregulation. For 
example, in the methods section we stated clearly that thermo- 
regulatory shivering was deliberately abolished; similarly, the 
doses of glyceryl trinitrate used in both groups were aimed at 
overcoming physiological mechanisms (thermoregulatory or not) 
of cutaneous vasoconstriction. The aim of the study was merely to 
find out if forced warm air could increase the rate of rise of rectal 
and nasopharyngeal temperature having deliberately minimized 
thermoregulatory mechanisms, as stated in the discussion section. 
The rate of rewarming “usually observed” refers to that 
observed in most other patients subjected to similar operations in 
our department, but not included in the study, which is similar to 
that quoted in references [6, 7 and 16] of our paper. No patient 
with diabetes or evidence of peripheral vascular disease was 
included in the study. Apart from the differences between groups 
described in the results section, there were no other differences in 
other variables, such as amount of glyceryl trinitrate or propofol 
infused. 
J. PONTE 
King’s College Hospital 
London 
S. J. HARRISON 
Royal London Hospital 
London 


Adequate general anaesthesia—what are we 
trying to achieve? 


Sir,—-Further to the article by Sun, Shyu and Shieh [1] and the 
accompanying editorial [2], we wish to bring your attention to 
some relevant findings of studies which were carried out by us in 
1995. 

We refer in particular to an article on inhibition of nociception- 
induced spinal sensitization by anaesthetic agents [3]. In this 
study we sought to determine: (1) if volatile agents reliably block 
spinal sensitization, (2) if nitrous oxide alone blocks spinal 
sensitization, (3) if nitrous oxide interferes with the ability of 
volatile anaesthetics to block sensitization, and (4) if equipotent 
concentrations of commonly used volatile anaesthetics have 
different abilities to block sensitization. We found that rats that 
received halothane, enflurane, isoflurane, desflurane or nitrous 
oxide during phase 1 of the formalin test demonstrated a 
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significant decrease in phase 2 activity compared with controls, 
that is suppressed spinal sensitization to pain, with desflurane 
causing the most suppression. Those rats that received a 
combination of nitrous oxide and halothane exhibited no dif- 
ference, that is no suppression was demonstrated. 

There is now increasing evidence that volatile anaesthetic 
agents exert their effect at the spinal cord level [4~7] and this may 
explain their possible role in pre-emptive suppression of spinal 
sensitization. There are also many studies which suggest that 
inhalation anaesthetic agents may suppress nociception in the 
spinal cord by modifying the activity of NMDA receptors in 
dorsal horn neurones [8,9]. While the mechanism by which 
inhibition of transmission of noxious stimulation by inhalation 
anaesthetic agents is achieved is still speculative, it has been well 
documented that they enhance GABA, mediated sensory in- 
hibition [10-13] and it has been suggested that inhalation 
anaesthetics may produce suppression of spinal cord sensitization 
through GABA, mediated agonism [14]. 

Some of the analgesic action of nitrous oxide has also been 
attributed to depressant action on dorsal horn neurones in the 
spinal cord, perhaps via activation of a supraspinal descending 
inhibition system. Interestingly, nitrous oxide has been shown to 
reverse EEG burst suppression provided by isoflurane [15, 16] 
and desflurane [17], suggesting that it opposes the effect of volatile 
anaesthetics on the central nervous system. It has also been 
demonstrated that nitrous oxide has antagonist effects on the 
MAC of volatile agents [18]. Taken together, these studies 
indicate that nitrous oxide may antagonize the depressant effects 
of volatile agents on the central nervous system and this may 
explain its apparent antagonism of suppression of spinal sensi- 
tization by volatile agents in the rat formalin test. 


T. C. O’ CONNOR 
Monaghan General Hospital 
Monaghan, Ireland 

S. E. ABRAM 
Department of Anesthesiology 
Medical College of Wisconsin 
Milwaukee, WI, USA 
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Sir,—We thank Drs O’Connor and Abram for their interest in our 
article [1]. 

In their letter they highlight the results of their study in 
which they tested the efficacy of various anaesthetic agents given 
around the time of formalin administration in inhibiting the subse- 
quent pain-related behaviour, known as the phase 2 formalin 
response [2]. The phase 2 formalin response consists of complex 
pain-related behaviour, including licking of and flinching with 
the affected paw, which occurs 10—60 min after administration of 
formalin. This latter phase of pain behaviour can be distinguished 
pharmacologically from the first phase of paw flinching that 
immediately follows formalin injection into the paw, in that 
activation of spinal cord NMDA receptor is critical to the second 
phase, but not first phase of flinching. In contrast, the first phase 
occurs within the first 5 min of administration of formalin and has 
been shown to be sensitive to AMPA antagonists. Activation of 
the NMDA receptor has, in order studies, also been shown to 
mediate sensitization of individual spinal cord neurones (including 
“‘windup”’) and also to mediate enhancement of spinal cord 
reflexes [3]. 

In their study, O’Connor and Abram gave 1 MAC of a volatile 
anaesthetic agent or 70% nitrous oxide, or propofol (initially 
10 mg kg"! and then another 3 mg kg™!, 1 min after formalin) 
before and during the period of expected phase | flinching. They 
showed that there was suppression of phase 2 flinching with this 
pre-emptive treatment and so they inferred that spinal cord 
sensitization had been suppressed (the only exception was that 
pre-emptive halothane and nitrous oxide given together did not 
prevent phase 2 flinching). The implications are that conventional 
anaesthesia does protect the spinal cord during surgery. However, 
when one looks for other evidence for inhibition of spinal cord 
sensitization by conventional doses of anaesthetics, the results are 
conflicting and often depend on the end-point being used. For 
example, in other studies of formalin-evoked flinching, Abram 
and Yaksh have shown that even 2.5% isoflurane only reduced 
phase 2 flinching by 35% when given pre-emptively (and, 
incidentally, in this study the addition of nitrous oxide to 
isoflurane abolished this benefit) while intrathecal morphine 
reduced flinching by 80 % [4]. However, in another study, Abram 
and Olsen found that pre-emptive high-dose systemic opioids did 
not reduce phase 2 flinching [5]. As for propofol, other studies 
have not reproduced the findings of O’Connor and Abram [2] in 
that pre-emptive propofol 10-20 mg kg"! did not reduce phase 2 
flinching [6,7]. Barbiturates similarly show variable efficacy in 
inhibiting spinal cord sensitization [6-8]. Abram and Yaksh [4] 
also point out that many of the studies that examined C-fibre 
induced spinal sensitization were carried out under surgical plane 
of anaesthesia [9]. 

Clinical studies have shown that a simple noxious stimulus- 
evoked reflex in volunteers was inhibited by 0.25-0.5 % end-tidal 
isoflurane. However, repetition (five times at 2 Hz) of the same 
nociceptive stimulus caused facilitation of the nociceptive reflex 
and required 1-1.5% isoflurane to suppress it (and the authors 
pointed out that this dose is similar to the MAC of isoflurane). 
The authors then suggested that even this higher dose of isoflurane 
alone would not be adequate for inhibiting surgically evoked 
excitability in actual operations [10]. 

Those agents that are generally accepted to produce that state 
we call anaesthesia were never chosen for their analgesic potential. 
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Several end-points have been used to define an adequate dose of 
anaesthetic, including loss of consciousness, inhibition of memory 
formation, lack of intraoperative movement, etc. However, when 
the results of studies examining more analgesic end-points for 
conventional anaesthetics are analysed, we find confusing and 
seemingly contradictory examples, as discussed above. This is 
because clinically accepted doses of anaesthetics have only 
moderate ability, at best, to inhibit (i) primary afferent input, (ii) 
the development of spinal cord sensitization and (iii) short- and 
long-term pain perception. Fortunately, perhaps conventional 
anaesthetics do show some analgesic effects, including NMDA 
receptor blocking activity, but this is unlikely to be contributing 
to their anaesthetic effect [11]. 

The purpose of the articles to which O’Connor and Abram 
refer, is to show that by using immediate early genes as end- 
points, noxious stimulation still enters the spinal cord during 
seemingly adequate anaesthesia (see references in [1]). It is not 
surprising that clinical studies of pre-emptive analgesia show little 
effect when the agents we use are not particularly good at doing 
what we ask of them, that is protecting the spinal cord against 
incoming afferent stimulation. For example it has been demon- 
strated previously that radically different outcomes in terms of 
long-term pain bebaviour can be produced experimentally with 
different adjuncts to isoflurane anaesthesia (a, agonists, NMDA 
antagonists, peripheral blocks with local anaesthetic but interes- 
tingly, not agonists) despite similar lack of responsiveness 
during anaesthesia [12, 13]. Furthermore, as discussed previously, 
the ability to suppress fos expression by these adjuncts parallels 
these behavioural outcomes (see references in [1] and also 
Munglani, Fleming and Hunt, data submitted for publication). 

As Abram and Olsen have previously written: “there is a 
dichotomy between behavioural response to a noxious stimulus 
and the development of enhanced responsiveness”. Furthermore, 
Abram and Yaksh concluded “‘that the anesthetised state, as 
defined by loss of consciousness, or lack of motor response, may 
be disassociated from the processes leading to post injury 
facilitation” [4] an observation recently re-emphasized by Goto, 
Marota and Crosby [14]. 

As anaesthetists we pride ourselves on producing a state of 
anaesthesia which includes loss of consciousness, lack of memory 
formation and minimal autonomic activity. However, the evidence 
is that conventional anaesthetics (including u agonists) do not 
adequately inhibit the longer term consequences of painful 
stimulation for the patient. Electrophysiological and immediate 
early gene studies suggest that we need to radically re-think what 
are our goals for anaesthesia and how we are to achieve them. 


R. MUNGLANI 
Untversity Department of Anaesthesia 
University of Cambridge Clinical School 
Cambridge 

B. G. FLEMING 
Norfolk and Norwich Hospital 
Norwich 

S. P. HUNT 
Division of Neurobiology 
Laboratory of Molecular Biology 
MRC Centre 
Cambridge 
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Spinal anaesthesia for Caesarean section 


Sir,—We read with interest the letter from Stoneham and Souter 
on spinal anaesthesia for Caesarean section in women with 
incomplete extradural analgesia [1]. We congratulate them on their 
excellent results in 12 such patients, none of whom developed a 
sensory block above T3. Whether the results in this small series of 
patients implies that this is a safe technique is still dubious, 
especially in the face of the frequency of case reports of 
unexpectedly high spinal block associated with pre-existing 
extradural block (references [2-7] in Stoneham and Souter’s com- 
munication). 

We take issue with one aspect of their methods. In the list of 
indications for performing spinal anaesthesia in the presence of a 
pre-existing extradural block, they included patienr{s) in whom 
the urgency of the situation was considered not to allow time for 
extension of the extradural block. They then described their 
technique which involves not preparing the patient for surgery 
until 20 min after spinal injection. Therefore, the time taken to 
have the patient ready for surgery is 20 min in addition to the time 
taken to transfer the patient to theatre, position the patient and 
perform the spinal anaesthetic. Our technique of choice in this 
group of patients is to extend the extradural block using an 
alkalinized mixture similar to that described by Fernando and 
Jones [2], namely 0.5% bupivacaine 10 ml, 2% lignocaine 10 ml, 
1 ml of adrenaline 1 in 10000 (resulting in a final concentration of 
slightly less than 1 in 200000) and 2 ml of preservative-free 8.4% 
sodium bicarbonate. Although we have no audit of our own 
patients on the time taken for extension of the block to an 
acceptable height, this time is certainly less than 20 min. Using a 
similar mixture, Fernando and Jones found that the mean time to 
achieve sensory block T4-S5 in a group of 10 patients was 
12.7 min (range 10-14 min) [2]. These patients were undergoing 
elective Caesarean section and thus had no pre-existing extradural 
block. 

We would advocate the above technique for emergency 
Caesarean section as it provides suitable surgical anaesthesia 
without the patient undergoing an additional invasive procedure, 
that is performance of a spinal anaesthetic and the attendant risks 
thereof, and achieves this more rapidly than the technique 


described by Stoneham and Souter. 
R. N. FOSTER 


C. M. ROGERS 
Department of Anaesthesia 
Hope Hospital 
Salford 


1. Stoneham M, Souter A. Spinal anaesthesia for Caesarean 
section in women with incomplete extradural analgesia. 
British Journal of Anaesthesia 1996; 76: 476. 
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2. Fernando R, Jones HM. Comparison of plain and alkalinized 
local anaesthetic mixtures of lignocaine and bupivacaine for 
elective extradural Caesarean section. British Journal of 
Anaesthesia 1991; 67: 699-703. 


Sir, —We read with interest the study by Stoneham and Souter 
[1]. There is a lack of data on the safety and dose requirements of 
subarachnoid anaesthesia in women undergoing emergency 
Caesarean section after extradural analgesia for labour. Therefore, 
we have recently conducted an audit in order to produce a regimen 
for the management of these patients in our unit. During the 5-yr 
period 1990-1994, 30 such patients were identified. There were a 
variety of reasons for subarachnoid block; 21 cases had inadequate 
quality of extradural block, the extradural catheter had recently 
become displaced in eight patients and in the remaining patient 
there was inadequate time for extension of the extradural. The 
dose varied between 2 and 3.5 ml of heavy 0.5% bupivacaine, 
with 17 patients receiving 2.75 ml or more. Four patients also 
received subarachnoid fentanyl. In 12 cases the injection was 
given with the patient in the lateral position. We believe the 
variation in dose and position reflects individual anaesthetist’s 
usual practice. The upper level of the block was recorded in only 
16 patients. This varied from T1 to T5, with no correlation with 
either dose of bupivacaine or position of the patient during 
injection. In those patients where no block height was recorded, 
there was no evidence of an abnormally high block. Two of the 
four patients who received less than 2.5 ml of 0.5% heavy 
bupivacaine required supplementary analgesia (one general an- 
aesthesia and one alfentanil and nitrous oxide-oxygen). This 
compared with only two patients requiring supplementation (both 
alfentanil alone) of the other 26 patients who had received 
bupivacaine 2.5 ml or more. Three of the four patients requiring 
additional analgesia had an adequate block height documented 
before surgery; there was no documented block height recorded 
for the remaining patient. 

As a result of our findings, we have recommended in our unit 
that patients requiring subarachnoid anaesthesia for Caesarean 
section after extradural analgesia during labour should have 
subarachnoid block performed in the anaesthetist’s preferred 
position, using 2.5m! of heavy 0.5% bupivacaine. Careful 
attention to positioning, as recommended by Stoneham and 
Souter, should occur whenever subarachnoid block is given, 
regardless of whether or not the patient has previously received 
extradural analgesia. Neither we nor Stoneham and Souter have 
conclusively demonstrated the safety of the technique and we do 
not know the incidence of high block, which may be no greater 
than for subarachnoid block in the absence of pre-existing 
extradural blocks. We believe, however, unlike the recom- 
mendation by Kick and Bohrer [2], that reducing the dose of 
bupivacaine below our recommendation carries a significant risk 


of inadequate block. 
R. VICKERS 


A. WILKEY 
Birmingham Women’s Hospital 
Edgbaston, Birmingham 


1. Stoneham M, Souter A. Spinal anaesthesia for Caesarean 
section in women with incomplete extradural analgesia. 
British Journal of Anaesthesia 1996; 76: 476. 

2. Kick O, Bohrer H. Unexpectedly high spinal anaesthesia 
following failed extradural anaesthesia for Caesarean section. 
Anaesthesia 1993; 48: 271. 


Sir,—-We agree with Drs Foster and Rogers that the technique 
described by Fernando and Jones of extending an extradural block 
may be more appropriate than subjecting the patient to the 
additional risks of a spinal anaesthetic if there is no evidence that 
the extradural is inadequate. There were two patients in our group 
of 12 who had unilateral extradural blocks in whom it was felt that 
there was insufficient time to manufacture a reliable extradural 
block. 

In our limited study, we set out to investigate the unusual 
situation of women with inadequate extradural blocks who require 
aregional anaesthetictechnique for Caesarean section. Since writing 
our letter to the British Journal of Anaesthesia, there has 
been further anaesthetic correspondence on this matter [1, 2] 
recommending that spinal anaesthesia should be avoided under 
these circumstances until further work has been done. We intended 
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to show that it is possible to perform spinal anaesthesia in patients 
who have had previous, recent extradural analgesia provided that 
rigorous care is paid to the positioning of the patient, although of 
course we are not attempting to suggest that it is safe from the 
results of studying such small numbers of patients. 

The 30 patients described by Drs Vickers and Wilkey are 
further evidence that it is possible to administer spinal anaesthesia 
safely in these circumstances, although information on the dose of 
local anaesthetic, or opioid agents, or both, administered into the 
extradural space, or how recently they had been given in these 30 
patients would have been useful. In addition, we believe that the 
position of the patient during the siting of the spinal may be less 
important in determining the outcome than the position of the 
patient while the spinal anaesthetic develops. Nine of the 10 case 
reports of unexpectedly high spinal block after failed extradural 
analgesia were placed in the wedged supine position immediately 
after spinal injection [3-9]. It is known that the supine hypotensive 
syndrome is not completely abolished in the wedged supine 
position [10]. The intriguing possibility arises that partial 
maternal aortocaval compression in the wedged supine position, 
leading to extradural venous engorgement, may result in unpre- 
dictably high blocks after spinal anaesthesia, particularly where 
there is already exogenous fluid in the extradural space as in all of 
these case reports. We are investigating the possibility that 
positioning patients in the wedged supine position while a spinal 
anaesthetic is developing may produce a more unpredictable final 
block height than the lateral position and this may be exacerbated 
if there is already fluid in the extradural space. 


M. STONEHAM 
Department of Anesthesiology 
University of Michigan Medical Center 
Ann Arbor, Michigan, USA 

A. SOUTER 
Department of Anaesthesia 
John Radcliffe Hospital 
Oxford 
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Regional Anesthesia: An Ilustrated Procedural Guide, 2nd Edn. 
M. F. Mutroy (editor). Published by Little, Brown & Co, 
Boston. Pp. 313; indexed; illustrated. Price £47.00. 


This book aims to provide a practical manual of regional anaes- 
thesia and follows the common pattern of such texts, with the first 
five chapters dealing with basic physiology and pharmacology, 
handling of the patient and complications, and equipment. 
Thereafter specific techniques are discussed individually with 
explanation of the relevant anatomy and specific complications. 
The final chapters deal with subspecialty areas, including acute 
and chronic pain management. 

This book is more than just a practical manual. There is a 
wealth of background information, each chapter is well referenced 
and all the commonly used regional techniques are covered. The 
text is well written and easy to follow. The illustrations are mostly 
black and white with the occasional use of one additional colour. 
These are certainly adequate for the purpose but no more, and do 
not compare favourably with other texts. As one might expect, the 
emphasis is based on North American practice, for example for 
spinal anaesthesia most of the discussion is about amethocaine, 
with bupivacaine only mentioned in passing. For i.v. regional an- 
aesthesia the suggested drug is lignocaine and the use of prilocaine 
or bupivacaine is mentioned. Although the potential problems of 
the latter are mentioned I would expect stronger criticism in the 
UK. The book also follows the example of others by including 
chapters on the use of regional anaesthetic techniques in pain 
management. This may be appropriate for acute pain, where 
regional techniques have much to offer, although I did wonder 
why a section on i.v. patient-controlled analgesia was included. It 
is less relevant for chronic pain management where regional 
techniques play a smaller part and other issues such as proper 
assessment and the decision if and when to use a regional 
technique assume far greater significance. I hope that these 
sections in textbooks of regional anaesthesia do not encourage 
clinicians to dabble in pain management on the basis of ability 
with a few regional techniques. 

There are a large number of up-to-date texts on regional 
anaesthesia currently available and it will be interesting to see if 
there really is still a gap in the market. A number of medical texts 
do not cross the Atlantic well and I think that this will be among 
them. It is ring bound, presumably so that it can be laid open flat 
for reference and I hope that this will not encourage self teaching 
by an individual who is looking at it as the block is performed. I 
think it unlikely that this format would be suitable for a library or 
departmental copy as it may not prove very robust. It could not 
be recommended for trainees and I doubt that it will cope with the 
competition for a place in departmental libraries, although some 
enthusiasts for regional anaesthesia may like the style and wish to 
have their own copy. 
$ W. A. Chambers 


ABC of Brainstem Death, 2nd Edn. C. PALLIs AND D. H. HARLEY. 
Published by BMJ Publishing Group, London. Pp. 52; 
indexed; illustrated. Price £10.95. 


The second edition of ABC of Brainstem Death has appeared 12 yr 
after the first. In response to the Panorama programme 
“Transplants: are the Donors Really Dead?” in 1980, a great deal 
of alarm was spread to the general public, and subsequently, in 
1983, the first edition of this rext by Christopher Pallis was 
published. The first edition was an excellent collection of BMJ 
articles which discussed the definition of death, evolution of 
thinking towards the concepts of brain death and brainstem death 
and practical aspects of diagnosis. 

‘The original text has been updated but presented in the same 
readable fashion with historical, technical and cartoon illustrations 
which clarify the text. Since that publication it has remained 
clearly established that no patient in apnoeic coma declared 
brainstem dead according to the UK criteria ever regained 
consciousness. Moreover, asystole occurred within a short period 








of time after the diagnosis was made. This new edition, therefore, 
has extended considerations of the brainstem dead patient as an 
organ donor and it also tackles the issue of persistent vegetative 
state. 

UK practice is put into perspective by comparison with 
approaches to this diagnosis in the rest of the world. The authors 
correctly observe that the position in the UK is often mis- 
understood as, despite the endorsement by the Department of 
Health and the Conference of Medical Royal Colleges and their 
Faculties, there is no legal status to the UK Code of Practice. The 
code has never been tested in a court of law, although it has been 
given tacit support in a House of Lords Select Committee. 

The second edition contains useful advice on the management 
of organ donors and also addresses the issue of elective ventilation. 
Although many problems are identified, specifically that the 
Department of Health has accepted legal advice that treatment 
which is not directly for the patient’s benefit may not be lawful, 
there is no guidance to the reader from the authors on this issue. 
Perhaps that is why, yet again, this matter has been referred to a 
Parliamentary Select Committee. 

This is an excellent text heartily recommended for all those who 
are involved with the diagnosis of death and in the management of 
organ donors. 

S. M. Willatts 


Recent Advances in Anaesthesia and Analgesia — 19. A. P. ADAMS 
AND J.N. CASHMAN (editors). Published by Churchill 
Livingstone, Edinburgh. Pp. 210; indexed; illustrated. Price 
£27.95. 


The appearance of the 19th in the series of Recent Advances is as 
true a testament to the need for the regular publication of up-to- 
date reviews of recent developments in our specialty as it is a 
tribute to the quality of past editions. This latest volume sees a 
change in editorial personnel, with Dr J. N. Cashman replacing 
Dr R S. Atkinson, who was involved with the previous seven, a 
contribution to which Professor Adams pays full tribute in his 
foreword. 

This edition contains 11 reviews of topical subjects, all clinically 
relevant, but ranging from very detailed consideration of a small 
subject (R-R intervals and depth of anaesthesia) to very broad 
examination of clinical technique (anaesthesia and analgesia for 
Caesarean section). Each review is commendably concise yet 
covers the subject comprehensively and is fully referenced. The 
great majority of authors are UK-based anaesthetists, but one 
notable exception is Dr R. Green from Farnborough who has 
contributed a very thought-provoking review on “The psychology 
of human error”, although his numerous references to aviation 
incidents did make me regret the decision to start reading the book 
during my plane journey to Sydney for the World Congress! 

The commendable brevity, but completeness, of each review, 
together with the modest price should make this required reading 
for almost every anaesthetist, and certainly every final fellowship 
candidate. This does not imply that I do not have criticisms. 
While one can accept that an expert in a field will be enthusiastic 
about the subject, I am concerned that the editors should state 
dogmatically in their preface that “every anaesthetist should be 
proficient in fibreoptic intubation”, particularly as the relevant 
review admits that this is not the case and recognizes the 
difficulties. I was also disappointed by the quality of the English 
in some of the contributions. Style is a matter of preference, and 
it would be a dull world if we all wrote in exactly the same way, 
but I cannot consider use of the word “‘undermedicated”’ as 
anything but horrible! 

However, these are minor complaints about what is, overall, a 
very useful volume. The true mark of an expert in any field is that 
he recognizes what he does not know, and virtually all of the 
authors are honest with regard to their subjects. It is particularly 
refreshing to read a review (by Dr D. Justins) of chronic pain that 
is so honest as to admit that most current therapeutic options are 
really no more than variations on willow bark and poppy! Buy this 
book. 

3. A. W. Wildsmith 
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EDITORIAL I 


Complications of hysteroscopic treatments of menorrhagia 


Menstrual disorders are extremely common, and 
approximately 22% of healthy women complain of 
menorrhagia’. However, such complaints are subjec- 
tive and it is well recognized that many women are 
poor judges of their menstrual flow. Only 40% of 
those complaining of heavy periods have menor- 
rhagia, as defined by measured blood losses exceed- 
ing 80 ml for each menstruation’. This may account 
in part for the lack of efficacy and patient acceptabil- 
ity of many of the drugs used for the treatment of 
menorrhagia. Consequently, many patients are re- 
ferred to gynaecology clinics for surgical manage- 
ment of their problems, menorrhagia accounting for 
approximately 15% of gynaecological referrals’. 

Before the advent of minimally invasive techniques 
in the management of menorrhagia, hysterectomy 
was the surgical treatment of choice; the hysterec- 
tomy rate by the age of 55 yr in the UK was approxi- 
mately 20%". As early as the 1980s there has been 
increasing enthusiasm for endoscopic techniques 
aimed at destroying or ablating the endometrium for 
the treatment of menorrhagia. Three techniques have 
gained popularity, all using a hysteroscope in 
conjunction with fluid infused into the uterine cavity 
under pressure to distend it and give the operator a 
clear view within the uterus. Electrodiathermy is 
used in two of the methods, with the endometrium 
being resected with a wire loop (resection) or ablated 
with a “rollerball” (coagulation). For the third 
technique a Nd-YAG laser is used to ablate the 
endometrium. Although the three techniques destroy 
the endometrium in different ways, collectively they 
are termed transcervical endometrial ablation 
(TCEA). 

In comparison with hysterectomy, hysteroscopic 
techniques are simple, require less operating time 
and the time for the patient to recover fully is 
substantially reduced. However, there is concern that 
some serious complications may occur during 
hysteroscopic surgery and it is important that both 
surgeons and anaesthetists are aware of this morbid- 
ity, especially as many of these procedures take place 
as day-cases. The main complications of TCEA are 
postoperative haemorrhage, fluid absorption, infec- 
tion and uterine perforation. 

Postoperative haemorrhage occurs in up to 2.5% 
of cases”’, occasionally being severe enough to 
require blood transfusion. Haemostasis may be 
produced by inserting a Foley catheter into the uter- 


ine cavity and inflating the balloon to compress the 
vessels—usually a period of 4-8 h is adequate. 

Fluid overload is a potentially serious complication 
of TCEA. Absorption of excessive amount of irriga- 
tion fluid during operation directly through blood 
vessels opened up by the resection may lead to the 
syndrome familiar to urologists and anaesthetists as 
transurethral resection of the prostate (TURP) 
syndrome. Fluid entering the peritoneal cavity 
though patent Fallopian tubes may also be absorbed 
into the circulation but the magnitude or significance 
of this fluid absorption is not clear. One study has 
shown a 20% reduction in fluid absorption in women 
with occluded Fallopian tubes caused by prior steri- 
lization’. The incidence of fluid overload (defined as 
losses exceeding 2000 ml) in TCEA varies from 1 to 
5%*"', The development of fluid overload is influ- 
enced by several factors, including type of irrigation 
fluid, infusion pressure, vascularity of the uterus, 
duration of surgery and surgical technique. 

Electrodiathermy requires the use of solutions 
which do not conduct electricity. These include 1.5% 
glycine, 5% sorbitol and 5% mannitol”. The most 
commonly used irrigation fluid is 1.5% glycine. It has 
good optical qualities but is hypotonic (osmolality of 
1.5% glycine is 188 mosmol kg”) and absorption into 
the circulation may cause fluid overload, hyponatrae- 
mia, pulmonary oedema and cerebral oedema. 
Hyperglycinaemia and hyperammonaemia may 
occur with the use of 1.5% glycine. Hyperglycinae- 
mia has been reported as the cause of transient 
blindness in some patients undergoing TURP” *, 
Glycine is broken down in the liver into ammonia 
and oxalate; ammonia may produce deterioration of 
cerebral function after endometrial ablation when 
the blood concentration of ammonia exceeds 150 
umol litre’? (normal 11-35 pmol litre*)’’*. In 
addition, transient arterial oxygen desaturation, 
hypercapnia and coagulopathy have been reported”. 

Sorbitol 5% is isotonic with a short half-life of 35 
min but it causes toffee-like deposits on the electrode 
and this may make the resection technically difficult. 
Consequently, it is seldom used. Mannitol 5%, 
although isotonic, has a long half-life and is also sel- 
dom used; it may cause visual distortion and crystal- 
lization on instruments”. Normal saline may be used 
only when laser treatment is contemplated and there 
is no danger of electrical conduction. It is isotonic 
and optically clear but it may also lead to fluid over- 
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load and pulmonary oedema if absorbed in large 
quantities. Carbon dioxide may be used for disten- 
sion during diagnostic hysteroscopy, but although 
excellent vision is provided, it cannot be used in con- 
junction with operative hysteroscopy as these proce- 
dures open vessels through which carbon dioxide can 
gain access to the circulation and cause pulmonary 
embolus". Production of smoke during resection 
may also impair vision when carbon dioxide is used 
for distension. 

The uterine cavity has a low compliance and high 
irrigation pressures are required during endometrial 
ablation. Although views of the uterine cavity are 
possible with irrigation pressures of 40 mm Hg, it has 
been shown that pressures of 100-110 mm Hg may 
be required to see the tubal orifices’. The intrauter- 
ine pressure (IUP) attained during endometrial laser 
ablation may influence the amount of fluid absorbed 
and it has been suggested that this should be limited 
to 60 mm Hg”. Various methods are used to 
introduce fluid into the uterine cavity under some 
type of pressure control. The simplest method uses a 
gravity fed system. This consists of a 3-litre bag con- 
taining fluid and held 1 m above the uterus, thus 
providing sufficient pressure for uterine distension. 
Pressurizing the infusion bag is an alternative and 
relatively cheap method of controlling uterine 
pressure, Peristaltic pumps, although considerably 
more expensive, have been used widely to provide 
constant flow. These give excellent visual conditions 
but may be associated with a progressive increase in 
IUP. With such constant flow variable pressure 
pumps, excess fluid absorption is a particular 
problem. This problem can be reduced by using 
pressure controlled pumps”. In a study by Hasham 
and colleagues”, a hysterogram was obtained during 
endometrial laser ablation and this showed no 
absorption of irrigation fluid into the venous system 
at an IUP of 70 mm Hg, while at 150 mm Hg 
contrast medium was seen entering the uterine 
venous system. 

Less absorption of fluid may occur if resection 
takes place when the endometrium is relatively avas- 
cular, hence it is preferable to carry out this 
procedure during the mid-proliferative phase of the 
menstrual cycle. Some gynaecologists prefer to 
prescribe some type of hormonal preparation with 
danazol, progestogen or gonadotrophin-releasing 
hormone (GnRH) agonists to make the endo- 
metrium atrophic””. 

Absorption of fluid may be influenced by the dura- 
tion of the resection. It has been suggested that 
reduction of operating time to 1 h or less may mini- 
mize the development of TURP syndrome. However, 
as with TURP syndrome, the risk of developing fluid 
overload in TCEA is not always related to the dura- 
tion of surgery; the syndrome may develop in 10-15 
min“. Surgical technique also influences the devel- 
opment of fluid overload. Of the three methods used, 
endometrial rollerball coagulation carries least risk” 
as there is no cutting of blood vessels or tissue and 
thus there is less fluid absorption and haemorrhage 
compared with the two other techniques. 

The amount of fluid absorbed by the patient may 
be calculated as the volume of fluid infused into the 
uterine cavity minus the volume which passes out 
through the cervix into the collection system and on 
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to drapes and swabs. This is defined as the fluid defi- 
cit. It is important to monitor fluid deficit continu- 
ously in order to provide an early estimation of the 
rate of fluid absorption. Unfortunately, there is no 
simple, accurate method of measuring fluid deficit, 
although volumetric and gravimetric methods are 
commonly used. In the simple volumetric method, 
the difference between the volume of irrigation fluid 
used and the volume recovered is measured. A more 
complex but accurate volumetric method has been 
described by Hahn, Berlin and Lewenhaupt”; in this 
method 3-litre bags are weighed accurately before 
and after use. During hysteroscopy they are placed 
60 cm above the centre of the surgical field. The first 
bag is used to fill the irrigation system before the 
operation is started. A volumetric irrigating fluid bal- 
ance is obtained every 10 min during operation: the 
irrigation fluid inlet is closed, the uterus emptied and 
the irrigating fluid bag and the collecting bag 
replaced. Blood loss is calculated from the haemo- 
globin concentration of the irrigation fluid. Because 
this method is complex, it is less applicable to routine 
use and is more useful for research. In contrast, the 
gravimetric method is simple in concept but involves 
weighing the patient either on the operating table or 
the bed” and is therefore cumbersome and rarely 
used. 

In 1991, Hulten and colleagues described a 
simple, non-invasive and continuous method of 
monitoring irrigation fluid absorption during TURP 
using ethanol”. The irrigation fluid is tagged with 
ethanol and expired breath ethanol concentration 
measured using an alcohol analyser. Glycine 1.5% 
with 1% ethanol (Baxter Health Care Ltd, UK) is 
available in the UK. Blood ethanol concentrations 
reflect the balance between the rate of entry into the 
circulation and the rate of removal, redistribution 
and elimination. Nomograms have been developed 
which relate ethanol concentration in expired gas to 
the volumes of irrigant fluid absorbed and the result- 
ing reduction in serum sodium concentration during 
TURP surgery. The same evaluations of correlations 
between expired ethanol concentration, serum so- 
dium concentration and volume of irrigant absorbed 
have also been made in 62 patients undergoing 
TCEA”™, Using these nomograms it was found that 
the volume of irrigant absorbed during TCEA 
produced about a 10% greater increase in expired 
ethanol concentration and a 40% greater reduction 
in sodium concentration than occurs during TURP. 
It is difficult to account for these differences and 
clearly a larger bank of data is required in order to ` 
develop nomograms for patients undergoing en- 
dometrial ablation. At present, therefore, fluid deficit 
is the best indicator of fluid overload during TCEA. 
It is recommended that surgery is stopped as soon as 
possible when the deficit is 1000-2000 ml and 
immediately when the deficit exceeds 2000 mi’. 
Some authors have suggested that when a 500-ml 
deficit is noted, serum electrolyte concentrations 
should be measured to check sodium concentrations 
and if a 1000 ml deficit occurs, frusemide 20 mg 
should be administered i.v.. 

The syndrome arising from absorption of large 
volumes of irrigation fluid has been described and 
studied extensively in relation to TURP syn- 
drome””. Circulatory overload may cause acute left 
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ventricular failure, pulmonary oedema and hypoxia. 
Hyponatraemia causes cerebral oedema; if the serum 
sodium concentration decreases to less than 120 
mmol litre’, agitation, nausea, vomiting, headaches 
and confusion usually occur and subsequently there 
may be seizures, coma, respiratory arrest and even 
death™. Plasma sodium concentration and osmolality 
should be monitored closely if clinical signs occur 
suggestive of the syndrome. As a guide to clinical 
management it has been suggested that a serum 
sodium concentration of 120 mmol litre’ be the 
boundary between mild and severe hyponatraemia”: 
mild hyponatraemia should be treated with fluid 
restriction and diuretics. Although 3—5% hypertonic 
saline 200-500 ml over 4 h has been recommended” 
for the treatment of severe hyponatraemia, there is 
concern about its use. If hyponatraemia is corrected 
too rapidly, it may lead to an abrupt decrease in cere- 
bral blood volume leading to intracranial haemor- 
rhage”. Excessively rapid correction of chronic 
hyponatraemia may cause cerebral demyelination 
lesions (central pontine myelinolysis)”; however, the 
pathophysiology of this syndrome differs from that of 
acute hyponatraemia and demyelinating lesions have 
not yet been described in either the TURP” or 
TCEA syndrome. Diagnosis of hyponatraemia dur- 
ing anaesthesia is aided by development of electro- 
cardiographic changes such as wide QRS complexes 
and ST-elevation, progressing to ventricular tachy- 
cardia and ventricular fibrillation”. 

Although it is standard practice to use prophylactic 
antibiotics, postoperative infection occurs in up to 
2% of patients undergoing TCEA; this rate is 
substantially less than that in women undergoing 
hysterectomy”. Uterine perforation complicates up 
to 4% of endometrial resections” but this may be 
less with the laser than the wireloop or rollerball 
techniques’. In most reports, perforation has oc- 
curred during insertion of either a sound or 
endoscope through the cervix. Such perforations are 
unlikely to lead to damage of other structures 
provided the complication is recognized and the pro- 
cedure is abandoned. If perforations occur while the 
laser or diathermy is in use there may be damage to 
large vessels, bladder or bowel. If such damage is 
feared, laparotomy is usually necessary rather than 
laparoscopy as the latter may not easily reveal the site 
of any damage. 

There have been three randomized controlled 
trials comparing hysteroscopic methods of managing 
menorrhagia with abdominal hysterectomy" *”. All 
reported substantially decreased operating times for 
the hysteroscopic methods, and an average hospital 
stay of 1 day compared with 7 days for hysterectomy. 
Time to full recovery (defined as time taken to return 
to work) was 2-3 weeks compared with 2-3 months 
for the hysterectomy group. Complications were sig- 
nificantly fewer in the endoscopic group, with 4-8% 
of patients developing complications compared with 
46% of the hysterectomy group”. However, in one 
study, long-term follow up revealed that women 
undergoing hysterectomy were generally more satis- 
fied with treatment; 89% of patients were satisfied 
compared with 78% in the endoscopic group“. Of 
those allocated to hysteroscopic treatment, 12% 
required repeated endoscopic treatment for contin- 
ued menorrhagia and 16% required hysterectomy 
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within 2 yr. Analysis of the cost-benefit ratio was 
undertaken in this study”; at 4 months endoscopic 
therapy as a percentage of mean total cost of hyster- 
ectomy was 53%, but by 2 yr, taking into account 
additional therapy, the gap had narrowed to 71%. 
Longer term follow-up is awaited to determine if the 
cost benefit of endoscopic therapy persists. 
Although the benefits of endometrial ablation both 
to the patient and in financial terms are unclear, 
there is no doubt that hysteroscopic techniques for 
managing menorrhagia are increasingly popular with 
both patients and gynaecologists. However, these 
techniques are still in an evolutionary stage. Most 
TCEA procedures are performed as day-cases and it 
is important for anaesthetists to be aware of the 
immediate complications that can occur. Patients 
who are at risk of developing complications should be 
admitted for observation as inpatients. While compli- 
cations are uncommon after the patient leaves hospi- 
tal, it is important that the patient and general prac- 
titioners are fully aware of potential late problems. 


K.M. WILLIAMSON 

Department of Obstetrics and Gynaecology 
M.C. MUSHAMBI 

Department of Anaesthesia 

Leicester Royal Infirmary 

Leicester LE1 SWW 
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EDITORIAL H 


What future is there for predicting difficult intubation? 


With the publication of another study on the 
accuracy of clinical bedside tests to predict difficulty 
with intubation’ it is perhaps reasonable to question 
what impact these studies have had on our under- 
standing of difficult intubation and what lies in the 
future in this field. One of the problems with many of 
these studies it that there has been a lack of 
reproducibility and perhaps a tendency to modify the 
tests accordingly. Because of the diversity of factors 
involved, the desire to have a simple bedside test to 
predict almost all cases of difficulty may be 
considered unduly optimistic. Presumably, Wilson 
and colleagues started with this hope when they pro- 
posed a scheme specifically to assess a combination 
of factors’. Another major problem in this area is the 
lack of universal agreement on what is implied by 
“difficult”, 

Bellhouse and Doré* derived a predictive formula 
based on a retrospective radiological survey of 
subjects who presented difficulty in tracheal intuba- 
tion. More importantly, they claimed that the most 
important features relevant to difficulty were reduced 
atlanto—occipital extension, reduced mandibular 
space and increased anteroposterior thickness of the 
tongue. Recent studies have focused most attention 
on the Mallampati test’, thyromental distance‘ and 
sternomental distance”. The Mallampati test involves 
the relative size of the tongue by observation of the 
degree to which it appears to fill the mouth (i.e. 
obscure the view of the soft palate). The two other 
tests fit with the concept of space for the tongue 
within the constraints of the mandible and the degree 
to which the airway is opened by adequate extension 
of the neck. Many studies have supported their indi- 
vidual or combined efficacy™", but each test has also 
been questioned or received only qualified support 
by others’? "4, Reproducibility of the Mallampati 
test in particular has been questioned and the 
relevant issues were well reviewed in the study of 
Pilkington and colleagues who made photographic 
assessments for Mallampati gradings during preg- 
nancy”. 

While clinical studies on prediction of difficulty in 
intubation have been published on a regular basis, a 
parallel branch of clinical and theoretical research 
has continued, following on from another aspect of 
Bellhouse’s work, that is to further understand and 
model the mechanisms of difficulty”. This culmi- 
nated in a two-dimensional mathematical model for 
osseous factors in difficult intubation”. At the time it 
was thought that verification of this model would be 
daunting. The main principle for appropriate use of 
the traditional Macintosh laryngoscope is negotia- 
tion of the curved blade around and beyond the base 
of the tongue to make contact with the hyoid bone in 
order to elevate the epiglottis. The hyoid can be lifted 
forward if the blade tip is at least in contact with the 
lesser horns of they hyoid, but shortening of the 
hyoepiglottic ligament maximizes elevation of the 
epiglottis and this is achieved when the blade tip is 


directly behind the body of the hyoid and particularly 
when it is below this level’®. Apart from when there is 
severely limited mouth opening, the usual obstruc- 
tion to adequate exposure of the larynx is the 
tongue’. 

From the point of view of the two-dimensional 
model, the main considerations are the relative align- 
ment of two intersecting straight lines”. The first line 
extends from the tip of the upper incisors to an ante- 
rior airway point immediately above the laryngeal 
inlet and may be considered to represent the optimal 
natural eyeline. The second is also in the median plan 
and represents the jaw as an imaginary line from the 
internal midpoint of the symphysis of the mandible 
to an imaginary point midway between the condyles. 
The relationship between these lines can be used to 
describe anatomical variations and also dynamic 
changes which occur on mouth opening or change in 
head and neck position, or both. A “final common 
pathway” for most causes of difficulty with intuba- 
tion has been suggested to be the relative lack of 
space into which the tongue remaining anterior to 
the laryngoscope blade (the “minimal residual 
volume”) can be displaced in order to view the 
larynx”. This space is represented in the model by 
the triangle demarcated by the jaw line superiorly 
and the optimal natural eyeline posteriorly. When 
this space is severely restricted, attempts to perform 
conventional laryngoscopy with a Macintosh blade 
have been shown to force the tongue down into the 
pharynx with the result that the epiglottis can 
become fixed against the posterior pharyngeal wall. 
This has been termed the “peardrop effect”, on the 
basis of the way in which the minimal residual 
volume becomes distorted under these circum- 
stances. In this context the actual laryngoscopy blade 
used is important and an appropriate analysis of the 
blade shape was suggested by Marks, Hancock and 
Charters”. 

There is a paradox in many of these considerations 
in that, to anaesthetists who regularly deal with the 
most difficult intubations in their routine clinical 
practice, much of what has already been described is 
fairly irrelevant. Dealing with tumours of the 
supraglottic region and base of tongue represents the 
most challenging intubation problem and yet it is 
very unlikely that predictions of degree of difficulty 
for such cases would be fruitful. Even benign soft tis- 
sue problems such as vallecula cysts may cause severe 
laryngoscopic embarrassment because they interfere 
with the usual mechanism of laryngoscopy (i.e. the 
blade tip must enter the vallecula) or push the 
epiglottis posteriorly, making it difficult to reposition 
the blade tip below the epiglottis to lift it up. These 
patients tend to be asymptomatic even when the 
cysts are fairly large”. Radiation changes may also 
have an important effect in decreasing soft tissue 
mobility but the history and preoperative clinical 
findings should indicate the likely effect in these 
cases. Stylohyoid ligament calcification is another 
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unusual cause of difficulty but it is important in 
understanding the mechanisms of intubation as it 
limits forward movement of the hyoid which is 
required to elevate the epiglottis’. The prediction 
tests would not be expected to be sensitive to these 
uncommon but important conditions nor would the 
mathematical model, but then the model specifically 
describes osseous factors only. 

An important discovery with the intubation model 
was the prediction of a previously unreported mech- 
anism of difficulty termed the “hi-slung mandible”. 
With respect to intubation, it is the lower compart- 
ment of the temporomandibular joint which needs to 
be considered because the condyles are naturally in 
this position when the mouth opens and when the 
laryngoscope is pulling the hyoid forward. In the 
condition of “hi-slung mandible”, the temporoman- 
dibular joint is abnormally anterior and rostral. 
When a patient is positioned in the “standard 
intubating position” with the laryngoscope expos- 
ing the larynx, the optimal natural eyeline and jaw 
line intersect at approximately 90°”. This implies 
that if the jaw is considered to simply rotate around 
the condyles (given that it is already in the lower 
compartment of the temporomandibular joint), the 
jaw line is as far in front of the natural optimal eyeline 
as possible. On the other hand, if the centre of rota- 
tion is higher and more anterior than normal, as with 
the “hi-slung mandible”, opening the jaw sufficiently 
to admit a laryngoscope blade will ensure that the jaw 
line/optimal natural eyeline intersection is signifi- 
cantly less than 90°. Therefore, even if jaw translation 
appears normal with the mouth closed, the act of 
mouth opening in this condition makes the jaw fall 
back markedly so as to make it behave as if it were 
receded. The incidence of this phenomenon is 
unknown but examples have been cited and it may 
not be very uncommon. It would be expected that 
the currently popular predictive tests would not rec- 
ognize this problem. 

One unfortunate feature of most of the studies 
which have attempted to predict difficulty in intuba- 
tion appear to be the inability to explain failures. This 
is perhaps understandable because of the require- 
ment to examine large numbers of subjects in order 
to determine low failure rates and false positive pre- 
dictions. This deficiency has been commented on 
previously”. The most important lesson from the 
intubation model is that factors combine to produce 
a net effect and it may be that adverse effects are 
counterbalanced to a greater effect by favourable 
ones. For example, absent upper incisors may make a 
severely receded jaw less of a problem but if 
prominent buck teeth occur in the presence of a 
receded jaw, the effect is likely to be considerably 
worse. In the model, this net effect on expected 
laryngeal exposure is measured as an “F” score 
which is directly related to the area of the triangular 
space below the mandible, as described above. 

Bellhouse also described a new blade”. This was 
the first blade design to be related specifically to 
measurements and ideas derived from an analytical 
clinical study. The study on the function of various 
blade shapes by Marks, Hancock and Charters” was 
essentially descriptive but could be converted rela- 
tively easily to a computational form. It remains to be 
seen if this approach challenges further the position 
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of the Macintosh blade as the optimal rigid design. 
At present the future for simple predictive bedside 
tests is speculative. It is clear from all the published 
work over the past decade that our understanding of 
the mechanisms of tracheal intubation have ad- 
vanced substantially. As far as modelling is con- 
cerned, the future holds great potential. Three- 
dimensional computer imaging is already in 
existence and it may only be a short time before rou- 
tine preoperative imaging of ENT/facio-maxillary 
patients can be presented to the anaesthetist in a vir- 
tual reality setting in which various alternative 
intubation techniques can be tried by simulation 
before taking the patient to the operating theatre. 


P. CHARTERS 
Department of Anaesthesia 
Walton Hospital 
Liverpool L9 1AE 
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CLINICAL INVESTIGATIONS 


Sternomental distance as the sole predictor of difficult laryngoscopy in 


obstetric anaesthesia 


S. A. L. RAMADHANI, L. A. MOHAMED, D.A. ROCKE AND E. Gouws 


Summary 

Sternomental distance and view at laryngoscopy 
were documented in 523 parturients undergoing 
elective or emergency Caesarean section under 
general anaesthesia. Eighteen (3.5%) had a 
grade Ill or IV laryngoscopic view (Cormack and 
Lehane’s classification) and were classified as 
potentially difficult tracheal intubations. There 
was a significant difference between sternomen- 
tal distance in those patients with a grade Ill or IV 
laryngoscopic view compared with those with a 
grade l or Il (13.17 (sp 1.54) cm vs 14.3 (1.49) cm; 
P=0.0013). A sternomental distance of 13.5 cm or 
less with the head fully extended on the neck 
and the mouth closed provided, using discrimi- 
nant analysis, the best cut-off point for predict- 
ing subsequent difficult laryngoscopy. A sterno- 
mental distance of 13.5 cm or less had a 
sensitivity, specificity, positive and negative pre- 
dictive values of 66.7%, 71.1%, 7.6% and 98.4%, 
respectively. While there was no association 
between sternomental distance and age, weight, 
height or body mass index (BMI), there was a 
significant association between grade of laryn- 
goscopy (Ill and IV) and older (P=0.049) and 
heavier (F=0.0495) mothers. The results suggest 
that while sternomental distance on its own may 
not be an adequate sole predictor of subsequent 
difficult laryngoscopy the measurement should 
be incorporated into a series of quick and simple 
preoperative tests. (Br. J. Anaesth. 1996;77:312- 
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The most recent Report on Confidential Enquiries 
into Maternal Deaths in the UK has continued to 
highlight the relationship between maternal death 
and difficulty with tracheal intubation’. Because of 
the potentially serious consequences of failed tra- 
cheal intubation, considerable attention has focused 
on attempts to predict, at the preoperative assess- 
ment, patients in whom laryngoscopy and intubation 
will be difficult”. Only one of these studies‘ has dealt 
specifically with obstetric patients in whom the risk 
of difficult intubation is reported to be eight times 
greater than in the general surgical population’. One 
of the preoperative tests which should be undertaken 
by the anaesthetist is an assessment of head and neck 


mobility. In a recent large study in an obstetric popu- 
lation, Rocke and colleagues used the presence or 
absence of a short neck as a subjective indication of a 
likely reduction in atlanto—occipital extension‘. More 
recently, Savva found that measurement of sterno- 
mental distance, a possible objective indicator of 
head and neck mobility, was the best of five 
preoperative tests’. Savva found that neither forward 
protrusion of the mandible nor interincisor gap were 
useful tests and also suggested that the modified 
Mallampati test and thyromental distance were 
neither sensitive nor specific enough for routine use, 
thus suggesting that sternomental distance should be 
used as the sole routine test. We were of the opinion 
however that it was most unlikely that a single test 
could be used. Nevertheless, and because few obstet- 
ric patients were included in the study of Savva, we 
decided to assess the value of sternomental distance 
as a sole predictor of difficult laryngoscopy in an 
obstetric population. 


Patients and methods 


Sternomental distance and subsequent direct laryn- 
goscopy were recorded in a group of patients 
presenting for Caesarean section to the obstetric unit 
at Al Corniche Hospital, a regional obstetric, gynae- 
cology and neonatal hospital. All anaesthesia staff 
participated after explanation of the study and the 
data collection form. The hospital undertakes 
approximately 9000 deliveries annually, and efforts 
were made to obtain data on as many patients as pos- 
sible, including both emergency and elective cases. 
The study was conducted over an 8-month period 
from November 1, 1994 to June 30, 1995. For each 
patient the following data were recorded: age, weight, 
height and method of anaesthesia (general, spinal or 
extradural). In some cases the patient’s weight and 
height were not available because of the emergency 
nature of admission. 

Before anaesthesia, assessment was made of the 
airway. This included the ability of the patient to 
open her mouth, assessment of receding mandible or 
protruding upper teeth, and subjective assessment of 
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head and neck extension. While a view of the 
oropharynx was undertaken the result was not docu- 
mented as the purpose of the study was to assess 
sternomental distance as the sole predictor. During 
the course of the airway assessment, sternomental 
distance was measured as the straight distance 
between the upper border of the manubrium sterni 
and the bony point of the mentum with the head in 
full extension and the mouth closed. A ruler was used 
and the distance measured was approximated to the 
nearest 0.5 cm. Where there were two anaesthetists 
assigned to the patient, sternomental distance was 
measured by one while the other performed laryn- 
goscopy and intubation without knowledge of the 
measurement. Where only one anaesthetist was 
assigned to the patient, sternomental distance was 
measured by an operating department assistant 
trained to measure the distance in the standardized 
manner; again the intubating anaesthetist was 
unaware of the measurement. 

After preoperative assessment, the anaesthetist was 
given the freedom to decide, in consultation with the 
patient, whether or not the patient should receive 
general or regional anaesthesia. Because of primarily 
cultural preferences for not being awake during sur- 
gery, the majority of patients chose general anaesthe- 
sia. Patients were transferred to the operating room 
while in the left lateral position, and 30 ml of sodium 
citrate 0.3 mol litre’ were administered orally before 
transfer to the operating table. All elective cases also 
received oral ranitidine 150 mg the night before and 
the morning of surgery. The majority of emergency 
cases were given either oral ranitidine 150 mg if first 
admitted to the labour ward or ranitidine 50 mg i.v. if 
time allowed. After 3 min of preoxygenation, 
anaesthesia was induced with either thiopentone or 
etomidate followed by suxamethonium. Cricoid 
pressure was applied gradually as the patient lost 
consciousness. 

Immediately after rapid-sequence induction, 
assessment was made of the view at laryngoscopy, 
as described by Cormack and Lehane”. The 
classification was as follows: grade I=most of the 
glottis visible; grade I=only the posterior extremity 
of the glottis visible; grade I[=no part of the glottis 
visible, only the epiglottis; grade [V=not even the 
epiglottis visible. The best laryngoscopic view was 
obtained using a curved Macintosh laryngoscopic 
blade, with all patients anaesthetized, fully paralysed 
and in the sniffing position. Intubation was at- 
tempted either after cessation of fasciculations or if 
there were no fasciculations, when the anaesthetist 


Table 1 Definitions of statistical terms 


Sensitivity (true-positive fraction) = 


Specificity 


False-positive fraction 
Positive predictive value 


Negative predictive value = 
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considered jaw relaxation to be adequate. Cricoid 
pressure was maintained until the trachea was 
intubated, the cuff inflated and correct tube place- 
ment verified. 


STATISTICAL ANALYSIS 


Patient data are presented as mean (sD). Body mass 
index (BMI) was determined from weight (kg)/ 
height? (m). Pearson’s correlation coefficient or 
Student's unpaired t test was used to determine rela- 
tionships between age, height, weight, BMI and 
either sternomental distance or laryngoscopic view. 
For analysis, laryngoscopic grade was grouped as 
“difficult” (grades II and IV) or “easy” (grades I and 
I). Students unpaired t test was used to assess the 
significance of the difference in sternomental dis- 
tance between the groups. 

Subsequently, discriminant analysis was used to 
calculate the most accurate sternomental distance 
cut-off point for discriminating between the difficult 
and easy laryngoscopic groups. Sensitivity, specifi- 
city, positive and negative predictive values were cal- 
culated for this cut-off point (see table 1 for 
definitions). In addition, a receiver operator charac- 
teristic (ROC) curve was used to assess the predictive 
value of various cut-off points in the prediction of 
laryngoscopic grade. Logistic regression analysis was 
used to describe the association between laryngo- 
scopic grade and sternomental distance and to 
predict the likelihood of a grade II or IV laryngo- 
scopic view. Relative risk and 95% confidence inter- 
vals were calculated for the probability of grade III or 
IV specific cut-off points. 


Results 


During the study period of 8 months, 5520 mothers 
delivered in the obstetric unit at the hospital. Of 
these, 646 (11.7%) patients underwent either elec- 
tive or emergency Caesarean section. Of the patients 
studied, 33 underwent operative delivery during 
either spinal or extradural anaesthesia; therefore, the 
general anaesthesia group comprised 613 patients 
and of these, data were collected from 523 patients, 
representing 85.3% of the obstetric surgical case load 
during the study period. The majority (73%) of these 
cases were emergencies. Mean age of the patients was 
30.4 (range 15-50 ) yr, mean weight 78.2 (sp 16.05) 
kg and mean height 156 (6.47) cm. Mean BMI was 
31.95 (5.73). There was no association between ster- 
nomental distance and age, weight, height or BMI 


Number of difficult intubations correctly 
predicted 
Number of difficult intubations 
Number of easy intubations correctly predicted 
Number of easy intubations 
1 — specificity 
Number of difficult inrubations correctly 
predicted 
Number of intubations predicted \to\be 
difficult 
Number of easy intubations corrected predicted 
Number of intubations predicted \ro \be easy 
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Figure I Receiver operating curve (sensitivity vs 1— specificity) 

to assess the predictive value of the various cut-off points in the 

prediction of laryngoscopic grades IH and IV. Sternomental 

distances are shown and a distance of 13.5 cm proved to be the 

best cut-off point. 


(Pearson’s correlation coefficient, r<0.3). There was, 
however, a significant association between age and 
weight and difficult laryngoscopy (table 2). Patients 
who had a reduced laryngoscopic view were older 
and heavier. There were no significant differences in 
age, weight, height or BMI between the group of 
patients undergoing general anaesthesia and the 
group undergoing Caesarean section under regional 
anaesthesia. No patient had regional anaesthesia 
solely because of an assessment by the anaesthetist 
that tracheal intubation would be extremely difficult. 

Mean sternomental distance was 14.28 (sp 1.50) 
cm (range 9-20 cm). Using discriminant analysis, a 
sternomental distance of 13.5 cm or less was 
calculated as the most accurate cut-off point for dis- 
criminating between difficult (grades HI and IV) and 
easy laryngoscopy (grades I and Il). There was a sig- 
nificant difference (P=0.0013) between mean ster- 
nomental distance for laryngoscopy grades I and I 
(14.3 (1.49) cm) and laryngoscopy grades III and IV 
(13.17 (1.54) cm), Sensitivity, specificity, positive 
and negative predictive values for the cut-off point of 
13.5 cm and for each measured sternomental 
distance are shown in table 3. Figure 1 shows the 
ROC curve for the various sternomental distances. 
Figure 2 shows the relative risks and 95% confidence 
intervals for the probability of a grade II or IV laryn- 
goscopy compared with grade I or II at specific cut- 
off points. For example, at a sternomental distance of 
12 cm, experiencing a grade II or IV laryngoscopy 
was 5.6 times (95% CI 2-14) more likely than a 


Table 2 Association between “view at laryngoscopy” (grades I 
and I and grades IN and IV combined) and age, weight, and 
body mass index (BMI) (mean (sp)) 











Laryngoscopic view § Laryngoscopic view 
grades I and I grades MI and IV 
n n P 
Age (yr) 496 30.27 (6.45) 18 34.11 (6.11) 0.0132 


Weight 487 77.84 (15.81) 18 87.03 (20.18) 0.0169 
(kg) 

Height 482 155.98 (6 51) 16 156.16 (5.30) ns 
(cm) 

BMI 478 31.88 (5.75) 16 34.22 (4.64) ns 
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Table 3 Sensitivity, specificity, positive and negative predictive 
values for different sternomental distances (cm). (n = Number of 
patients at each measured sternomental distance. Cases with a 
sternomental distance > 16.0 cm (n = 40) are not shown) 


Sternomental Positive Negative 
distance predictive predictive 
(cm) n Sensitivity Specificity value value 
<10.0 2 0 99.6 0 96.6 
<10.5 1 0 99.4 0 96.5 
<11.0 14 11.1 97.0 11.7 96.8 
<11.5 3 11.1 96.4 10.0 96.8 
<12.0 33 38.9 90.9 13.2 97.7 
<12.5 20 44.4 87.3 1L1 97.8 
<13.0 61 61.1 75.6 8.2 98.2 
<13.5 24 66.7 71.1 7.6 98.4 
<14.0 115 72.2 48.5 4.8 98.0 
<14.5 30 83.3 42.9 4.9 98.6 
<15.0 120 88.9 19.4 3.8 98.0 
<15.5 10 88.9 17.4 3.7 97.8 
<16.0 50 100 7.9 3.7 100 

14 

12 

10 
3 
3° 
& 6 
£ 

4 








Sternomental distance (cm) 


Figure 2. Relative risk (95% CD of experiencing a grade IMI or 
IV laryngoscopy compared with a grade I or I view at 
laryngoscopy for different sternomenta! distances. 
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Figure 3 Probability of finding a grade IN or IV view at 
laryngoscopy for each sternomental distance calculated when the 
prevalence of such grades is 3.5%. Where the prevalence is found 
to be different, a new probability curve can be calculated using 
the logistic regression equation logit(P}=—-3.738+0.5143xD, 
where D=sternomental distance and P=probability of grade II or 
TV laryngoscopy. 


Sternomental distance and laryngoscopy 


grade I or II. Figure 3 shows the probability of expe- 
riencing a grade MI or IV laryngoscopy for each ster- 
nomental distance. 

Eighteen (3.5%) of the 523 patients had a grade IH 
or IV view at laryngoscopy. Seventeen of the 18 
patients had a grade III while one had a grade IV. Of 
the 17 who had a grade III view at laryngoscopy, the 
trachea in 13 was intubated without difficulty with or 
without the aid of a gum elastic bougie. Of the 
remaining four, two had the tube passed blindly 
without the use of a gum elastic bougie while in the 
other two a laryngeal mask was used because of the 
difficulty in passing the tracheal tube, even with the 
aid of a gum elastic bougie. In the grade IV patient, 
the tube went into the oesophagus after a blinded 
attempt at intubation. On recognition of oesophageal 
placement the tube was removed immediately. A 
laryngeal mask was then inserted but difficulty was 
experienced with ventilation. The patient was 
awakened and Caesarean section subsequently com- 
pleted under spinal anaesthesia. 


Discussion 


Head extension is thought to be an important factor 
in determining the ease or difficulty of tracheal intu- 
bation”, However, several previous studies have 
made only subjective clinical assessments of reduced 
atlanto—occipital extension®*. In the study of Bell- 
house and Doré the anaesthetist viewed the patient 
from the side and estimated whether and to what 
extent there was any reduction in atlanto—occipital 
extension’. In the obstetric study of Rocke and 
colleagues, no objective assessment was made of 
reduced neck extension‘, rather, subjective assess- 
ment was made on whether or not the patient had a 
short neck. It was then assumed that the finding of a 
short neck would be associated with reduced ability 
to extend the head on the atlanto—occipital joint and 
thus impede adequate view of the larynx. The 
presence of a short neck was not only found in nearly 
15% of cases but was highly significantly associated 
with subsequent difficulty at tracheal intubation. 

The predictive value of a short neck is somewhat 
controversial’. Bellhouse and Doré questioned the 
relationship between length of the upper neck and 
difficult intubation. In their study comparing an easy 
with a difficult intubation group, those with a longer 
neck were associated with greater difficulty. Yet para- 
doxically, within the difficult group the difficulty 
grade increased as the upper neck became shorter. 
They concluded that upper neck length, measured 
radiographically as the length of the four upper 
cervical vertebrae, should be regarded at best as con- 
troversial. Regardless, radiographic methods will 
always be impractical for routine screening and 
assessments of short neck remain subjective. 

What is required is a quick, simple test of head and 
neck mobility. Most recently Savva, in a largely non- 
obstetric population, found sternomental distance to 
be the most sensitive (82.4%) and specific (88.6%) 
determinant of difficult intubation of a group of five 
tests which included a modified Mallampati test, thy- 
romental distance, forward protrusion of the mandi- 
ble and interincisor gap*. A sternomental distance of 
12.5 cm or less was found to be the best predictor 
whereas in this study a distance of 13.5 cm provided 
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the best balance between sensitivity and specificity. 
Reducing the sternomental distance cut-off point to 
12.5 cm or less would result in greater specificity 
(87.3% vs 71.1%), a marginal improvement in the 
positive predictive value (11.1% vs 7.6%) but a 
significant reduction in sensitivity (44.4% vs 66.7%). 
In clinical practice this implies that by reducing the 
cut-off point to the same as Savva’s criterion, a 
greater number of difficult laryngoscopies would be 
missed. The question arises as to which cut-off point 
from the two studies is the most appropriate. This 
can only be answered by future epidemiological 
studies on outcome where a defined test (e.g. sterno- 
mental distance at a specified distance) or series of 
tests are used and with outcome as either difficult 
laryngoscopy, intubation, or both. 

In the study of Savva, four of 350 patients had 
laryngoscopy grades III or IV (1.14%) which is lower 
than the 3.5% prevalence in our study. Savva did not 
state how many of the four were obstetric patients 
and it is possible that increased weight gain 
associated with pregnancy resulted in a reduced abil- 
ity to see the larynx”. This would be supported by 
our finding of an association between reduced laryn- 
goscopic view and weight. 

Comment should also be made on the one grade 
IV laryngoscopy case. Cormack and Lehane sug- 
gested that most of these cases would be associated 
with obvious anatomical pathology which would be 
easily recognized before operation”. Our grade IV 
case had no obvious pathology either before opera- 
tion or at the postoperative examination. One 
possibility is that the laryngoscope blade was inserted 
too far thus completely obscuring the epiglottis and 
larynx. This may have been an explanation if the 
anaesthetist had been inexperienced but this was not 
the case. The most likely explanation is that the belief 
that all grade IV cases will have obvious pathology is 
erroneous. 

There are several limitations to this study. First, we 
did not measure objectively other factors which 
could have contributed to the reduced laryngoscopic 
view. As stated, and because of the work of Savva 
showing sternomental distance to be the best predic- 
tor, we set out to determine if this could be 
reproduced in an obstetric population. A second 
criticism of the study is that we did not measure 
whether or not intubation was difficult. However, 
none of the grade I and II laryngoscopic views had a 
trachea which was difficult to intubate and most of 
the 16 grade III and IV cases were managed with ease 
with the aid of a bougie. Third, several different resi- 
dents and faculties undertook laryngoscopy and it is 
possible that a uniform intubation position was not 
achieved. However, all staff participating in the study 
had a minimum of 2 yr experience of working solely 
in this obstetric hospital dealing with a case load 
where the primary method of provision of anaesthe- 
sia for Caesarean section is general anaesthesia. 
Some studies’ have standardized the sniffing posi- 
tion by stabilizing the head in a commercial head and 
neck mould, but we felt that this would have been 
inappropriate for the obstetric patient. 

It is clear that no simple test can be used alone. 
Measurement of sternomental distance will fail to 
predict some difficult laryngoscopies and also predict 
difficult laryngoscopy in a significant number of 
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patients who have a trachea which is easy to intubate. 
This is not unexpected because on its own sterno- 
mental distance fails to take into account relative 
tongue and pharyngeal size, location of the larynx 
(mandibular space), overriding maxilla, enlarged 
incisors, decreased temporal—mandibular joint mo- 
bility and a narrow high arched palate. Nevertheless 
the results of this study confirm, albeit with a 
reduced predictability than Savva, that sternomental 
distance can be correlated with laryngoscopic view. 
We do not believe however that sternomental 
distance alone can be used as a predictive test, but 
our results suggest that such a measurement should 
be included as part of a series of preoperative airway 
examination tests which should also include view of 
the oropharynx and thyromental distance. 
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Respiratory mechanics after abdominal surgery measured with 
continuous analysis of pressure, flow and volume signalst 


A. F. Nimmo AND G. B. DRUMMOND 


Summary 

We studied 10 patients during the first night after 
upper abdominal surgery to assess the effect of 
airway obstruction on chest wall mechanics, by 
recording nasal gas flow and carbon dioxide 
concentration, rib cage and abdominal dimen- 
sions, abdominal muscle activity, and oesopha- 
geal and gastric pressures. The mean duration of 
study of each subject was 5.8 h , and 5.2 h were 
analysed. The median proportion of time spent 
breathing with normal mechanics was 29% 
(interquartile values 0-57%). Abnormal abdomi- 
nal mechanical events were common and asso- 
ciated with airway obstruction (P<0.001). Two 
common patterns of abnormal pressure and 
movement were found. In the first, abdominal 
pressure decreased at the onset of inspiration 
and there was a phase lag in abdominal 
movement. The incidence was 33 (14-50) %. In 
the second pattern, abdominal pressure de- 
creased and in addition the abdominal wall 
moved inwards at the onset of inspiration. This 
occurred for 34 (0-52)% of the time. Both 
patterns were associated with evidence of 
increased activation of the abdominal muscles 
during expiration, changing the relationship of 
abdominal and pleural pressure changes and 
chest wall movements. Such changes have been 
interpreted previously as evidence of diaphragm 
dysfunction. (Br. J. Anaesth. 1996;77:317-326) 


Key words 
Airway, obstruction. Analgesia, postoperative. Complica- 
tions, respiratory. Surgery, abdominal. Muscle respiratory. 


Abdominal surgery influences respiratory pattern, 
but effects on respiratory muscles are not well 
described. Measurements of respiratory movements 
and pressures have led some workers to conclude 
that the activity of the diaphragm is impaired’*. After 
surgery, i.v. or extradural administration of opioids 
can cause episodic airway obstruction and result in 
periods of hypoxaemia’‘. 

We investigated systematically how analgesia, 
airway obstruction and hypoxia may be related. To 
select simple but appropriate methods of 
measurement of these events, we examined a limited 
number of patients on the first night after operation. 
We intend in subsequent studies to measure fewer 
variables, which could be performed more easily, yet 
still be interpreted correctly. We also examined the 


possibility of “diaphragmatic inhibition”, which has 
been inferred in previous studies from the relation- 
ship between pleural and abdominal pressure 
changes. 


Patients and methods 


THEORY OF ANALYSIS 

We used a graphical analysis of respiratory pressures 
and dimensions. Chest wall movement (fig. 1p) is 
considered to be in two compartments, rib cage and 
abdomen, which can move independently to change 
chest wall and lung volumes, although commonly 
both expand simultaneously on inspiration and 
return along the same trajectory on expiration. 
Action of other muscles, such as the abdominal wall 
muscles, can separate the inspiratory and expiratory 
lines. A small amount of asynchrony is normal’. 
Paradoxical motion can occur, despite inspiratory 
flow, when one compartment moves inward but not 
sufficiently to negate the outward motion of the 
other. With no flow, movement is constrained to the 
“isovolume” line, where the volume changes of the 
rib cage and abdomen are equal and opposite. Often, 
outward motion of the abdomen on inspiration is 
considered to indicate the action of the diaphragm, 
and outward rib cage motion to indicate the action of 
the intercostal and other inspiratory rib cage 
muscles. However, the diaphragm contributes con- 
siderably to rib cage expansion. Its costal fibres 
elevate the rib margin’. If the abdominal wall is firm, 
then the relatively incompressible abdominal con- 
tents form a “fulcrum” that allows contraction of the 
diaphragm to increase abdominal pressure, which 
expands the lower rib cage through the “zone of 
apposition” where the diaphragmatic and rib cage 
pleural surfaces are in contact’. The relative amount 
of rib cage and abdominal displacement caused by 
diaphragm action depends on the relative compli- 
ances of these two compartments’, and also on the 
action of other muscle groups at the same time’. If 
the abdominal wall is tense, then the diaphragm 
mainly expands the rib cage. Observing the motion 
of the rib cage and abdomen (such as RC/AB ratio) is 
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Figure 1 Rib cage and abdominal pressures and dimensions. a: Abdominal vs pleural pressure. Normal active inspiration is associated 
with a decrease in pleural pressure; when the diaphragm contracts, abdominal pressure increases. The direction of the plot depends on the 
relative compliances of the rib cage and abdomen, and the activities of other muscles, but the direction associated with diaphragm action 
alone is constrained between the theoretical lines shown for infinite and zero abdominal compliances. Inspiration with the rib cage 
muscles alone is in the direction “rib cage action” and expiration with the abdominal muscles in the opposite direction (abdominal 
action). B: Abdominal vs transdiaphragmatic pressure (Pdi = Pga—Ppl). c: Abdominal dimension vs abdominal pressure. The direction of 
movement associated with the sole action of rib cage inspiratory muscles, abdominal expiratory muscles and the diaphragm are shown. 
The direction of the latter depends on abdominal compliance but is constrained within the sector shown. D: Rib cage os abdominal 
dimensions (arbitrary units). Different trajectories of inspiration are shown: A=normal inspiration; B=inspiration when the abdomen is 
relatively tense, and most of the motion occurs by the rib cage; C=inspiration with paradoxical inward motion of the abdomen; and D=an 
isovolume manoeuvre where the increase in rib cage volume is the same as the decrease in abdominal volume. In each quadrant, the line 
with multiple arrowheads indicates the direction of movement during inspiration where there is predominant contribution from rib cage 


muscles, 


not enough to allow changes in activity of the 
diaphragm to be inferred unless the compliances of 
the two compartments remain constant. 


ANALYSIS OF PRESSURES 


Measurements of abdominal and pleural pressures 
(conveniently plotted graphically in fig. 1) allow bet- 
ter discrimination of respiratory muscle action. 


Action of the rib cage muscles 

Inspiratory action of rib cage muscles (such as exter- 
nal intercostals and scalenes) expands the rib cage 
and decreases pleural pressure Ppl. If the diaphragm 
is inactive, transdiaphragmatic pressure is zero 
(Pdi=Pab — Ppl). Consequently, as pleural pressure 
decreases, abdominal pressure decreases equally. 
The diaphragm and abdominal contents are drawn 
cranially, and the abdominal wall moves inwards. 


Abdominal expiratory muscle action 

Expiratory muscle action alone has the opposite 
effect on Pab and Ppl. Inward motion of the abdomi- 
nal wall increases abdominal pressure, displaces the 
diaphragm cranially, increases pleural pressure and 
causes expiration. Inspiration can then occur if the 


abdominal muscles subsequently relax and result in 
descent of the diaphragm. This action is difficult to 
distinguish from rib cage activation. 


Diaphragm action 

Contraction of the diaphragm generates a transdia- 
phragmatic pressure. The relative changes in pleural 
pressure and abdominal pressure during inspiration 
depend on the relative compliances of the rib cage 
and abdomen (fig. 1a). If the compliance of the 
abdomen were infinite, then pressure change would 
occur only by a decrease in pleural pressure. In prac- 
tice, transdiaphragmatic pressure cannot be gener- 
ated without a corresponding increase in abdominal 
pressure. If the abdominal compartment has a very 
small compliance, abdominal pressure increases with 
a very small reduction in pleural pressure. It follows 
that the trajectory of the Pab against Ppl plot caused 
by the diaphragm acting alone lies between these 
lines. If the diaphragm and rib cage muscles act 
together in inspiration, they can move the pressures 
in the segment between the line indicating zero 
abdominal compliance and the line indicating rib 
cage muscle action alone. 
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Diaphragm action may also be assessed with a plot 
of abdominal pressure vs transdiaphragmatic pres- 
sure (fig. 18). Rib cage action decreases abdominal 
pressure with no change in Pdi and results in a verti- 
cally descending plot. Abdominal expiratory muscle 
action increases abdominal pressure with no change 
in Pdi (generating a plot opposite to that seen with 
rib cage inspiratory action, as has been noted in the 
Pab vs Ppl diagram). Action of the diaphragm against 
a rigid abdomen results in equal increases in Pab and 
Pdi. If abdominal compliance is infinite, Pdi 
increases alone. Hence this plot differs from the pre- 
vious (Pab vs Ppl plot) because the sector for sole 
action of the diaphragm is smaller. However, as in the 
preceding diagram, any combination of diaphragm 
and rib cage action generates a plot in the sector 
between the line of zero abdominal compliance and 
the rib cage line. Although more information on the 
activity of chest wall muscles may be obtained from 
such plots than from measurements of compartmen- 
tal movement, the relative contribution of each group 
of muscles cannot be distinguished exactly by this 
analysis: in particular, abdominal relaxation and rib 
cage activity appear similar. 


ABDOMINAL DIMENSION/ABDOMINAL PRESSURE PLOT 
(FIG. 1c) 


Action of inspiratory rib cage muscles and relaxation 
of abdominal muscles can be distinguished by 
plotting abdominal dimension vs abdominal pres- 
sure, as in a compliance graph. Contraction of the 
expiratory muscles generates inward movement of the 
abdominal wall and an increase in abdominal 
pressure. Inward wall movement can occur only if 
another part of the abdominal container is displaced, 
such as by cranial displacement of the diaphragm. If 
both the diaphragm and abdominal expiratory mus- 
cles contract at the same time, abdominal pressure 
increases with little decrease in abdominal dimen- 
sion. Inspiratory action of the rib cage muscles alone 
moves the abdominal wall inwards and decreases 
abdominal pressure. Diaphragm action increases 
abdominal pressure and displaces the abdominal wall 
outward, and the slope of this plot indicates the com- 
pliance of the abdominal wall. Simultaneous inspec- 
tion of this plot and the Pab vs Ppl plot (fig. 1a) 
allows inspiratory events associated with abdominal 
relaxation to be distinguished from those caused by 
the inspiratory action of the rib cage. 


AIRWAY OBSTRUCTION 


If airway resistance is increased, muscle shortening is 
reduced and the tension developed by the muscles 
for a given degree of activation is increased. Pleural 
pressure decreases more, and gastric pressure 
increases less, as there is less displacement of the dia- 
phragm. In addition, pleural pressure can no longer 
be used as an appropriate indicator of lung volume, 
as lower airway, alveolar and pleural pressures all 
decrease substantially during the inspiratory effort. 
In this condition, transpulmonary pressure 
(Pao - Ppl, where Pao=pressure at the airway 
opening) differs considerably from the pressure 
difference between the alveolus and pleural space 
which is proportional to lung volume. 
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We developed the hypothesis that prevention of 
muscle shortening could increase neural activation 
by reflex mechanisms, notably the stretch reflex 
mediated by muscle spindles. Rib cage muscles have 
a clear postural role and are richly supplied with 
muscle spindles”. Impedance of inspiration may 
result in their reflex activation, and an increased con- 
tribution to inspiratory force. This will alter the 
trajectories of the Pab vs Ppl, Pab vs Pdi and 
abdominal volume vs pressure plots in the directions 
shown in figure 1. 


PROCEDURE 


After obtaining approval from the regional Ethics 
Committee and written informed consent, we 
studied patients aged 40 yr or more, undergoing 
major abdominal surgery that would involve an inci- 
sion at least partly above the umbilicus, and who 
would be cared for after operation in the surgical 
high dependency unit. Exclusion criteria were severe 
cardiac, respiratory or renal disease, or a body weight 
more than 130% of that predicted on the basis of sex, 
age and height. For postoperative analgesia, six 
patients received patient-controlled analgesia (PCA) 
with either morphine or diamorphine i.v., and four 
received a continuous thoracic extradural infusion of 
0.125% bupivacaine containing diamorphine 0.033 
mg ml” at 10 ml h”. 

A nasogastric tube with an integral oesophageal 
balloon (Mallinkrodt) was modified by attaching a 
gastric balloon to the tube tip. This was inserted via a 
nostril during anaesthesia, and placed to allow 
estimation of oesophageal and gastric pressures 
(Poes and Pga) using differential transducers (Fur- 
ness FC10). Poes and Pga are used as measures of 
Ppl and Pab, respectively. Transdiaphragmatic pres- 
sure (Pdi) was calculated as (Pga - Poes ). The gas 
volume in each balioon was checked regularly and 
adjusted. Pressure calibration was against a water 
manometer. 

Patients received oxygen 2 litre min” via nasal can- 
nulae after operation. Pressure fluctuations in the 
nasal cannulae were measured to allow estimation of 
gas flow at the nose”. A narrow sampling tube was 
inserted through the centre of one cannula to allow 
sampling of carbon dioxide concentration for 
measurement by an infrared capnometer (Engstrom 
Eliza). Rib cage and abdominal dimensions were 
measured by inductance bands placed around the rib 
cage immediately below the axillae and around the 
abdomen at the level of the umbilicus, and avoiding 
the rib margins if possible. Disposable ECG 
electrodes were attached in the right upper quadrant 
of the abdomen to measure abdominal muscle 
EMG”. An Ohmeda 3700 pulse oximeter with a fin- 
ger probe was used to record oxygenation continu- 
ously. The signals were recorded using a high speed 
analogue to digital converter (RTM8, Digitimer Ltd) 
which played into a domestic video recorder and 
allowed up to 8 h of continuous recording, sampling 
at a rate of 11 kHz per channel. The monitoring 
apparatus was set up in the evening after operation, 
and recordings made over the first night. One inves- 
tigator (A.F.N.) remained with the patient overnight, 
supervising the quality of the recorded signals. Occa- 
sional adjustments were necessary, particularly to the 
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gastric and oesophageal balloons, and the nasal flow 
measurement system. 

Further analysis involved playing back the video- 
taped record onto an eight-channel chart recorder 
(Graphtec WR3600). These records were then 
analysed by an observer who was unaware of the 
clinical circumstance of the patient. Each record was 
divided into segments of 5 min each, and each 
segment was classified according to preset criteria. 
First, the segment was classified as analysable, 
depending on the satisfactory recording of all the sig- 
nals. Next, the presence or absence of central apnoea 
or hypopnoea, or obstructive apnoea or hypopnoea, 
was determined for each analysable segment. Central 
apnoea was determined by the absence of nasal flow, 
no changes in oesophageal pressure and no change in 
rib cage or abdomen dimension for more than 15 s. 
Central hypopnoea was defined by a reduction in 
amplitude of gas flow at the nose with a reduction in 
oesophageal pressure change. Obstructive hypop- 
noea was defined by a decrease in gas flow at the 
nose, associated with an increase in oesophageal 
pressure changes, and obstructive apnoea as no gas 
flow and increased oesophageal pressure changes. 

The records were then re-analysed for the presence 
of mouth breathing, which was defined as continued 
chest wall movements, no change in oesophageal 
pressure swings and loss of nasal flow and carbon 
dioxide signals. This definition implies that the 
patient was breathing through the mouth and not 
through the nose: however at other times the patient 
may have been breathing through both the nose and 
mouth. 

Finally, each segment was inspected for the 
presence of abnormalities of chest wall mechanics 
which were classified according to table 1. An 
inspiratory attempt was recognized from a decrease 
in oesophageal pressure. Because the exact time of 
onset of inspiration on the pressure trace was often 
indistinct because of cardiac oscillations, the times of 
onset and end of inspiration were obtained from the 
tracing of rib cage dimension. In one patient whose 
rib cage dimension sometimes decreased on inspira- 
tion, oesophageal pressure was used to time inspira- 
tion. EMG signals were not analysed formally by 
integration but were used to assess the presence and 
pattern of abdominal muscle activity. 

Statistical analysis of the association between 
abnormalities present in each time segment of each 
subject was performed using a log-linear model with 
the P4F program from the BMDP package (BMDP 
statistical software, 1988). Partial association was 
sought between pairs of the following categorical 
variables, after allowing for interaction between the 


Table 1 Summary of changes at the start of inspiration for 
different breathing patterns 


Change in Movement Movement 
gastric pressure ofabdomen of rib cage 
Normal Increase Outward Outward 
Gastric pressure Decrease Outward Outward 
paradox 
Abdominal Decrease Inward Outward 
movement 
paradox 
Ric cage paradox Increase Outward Inward 
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other two variables: airway patency (i.e. airway clear 
or airway obstructed); chest wall mechanics (i.e. nor- 
mal or abnormal chest wall and pressure changes); 
route of respiration (i.e. nose or mouth breathing); 
subject number (i.e. each patient). 

To investigate the patterns of changes in the 
recorded variables, values for each patient were 
re-digitized from the replayed analogue signals using 
a commercial software package (Cardas, version 
2.07, Oxcams Ltd, Oxford) at 20 Hz and plotted at 
10 Hz using Fig P for windows version 1 (Biosoft, 
Cambridge), with a standard plot as in figures 3—5. 


Results 


Patient details are shown in table 2. Most patients 
were aged more than 60 yr and none was overweight. 
Results are given as median (quartile values). The 
number of 5-min periods of recording for each 
patient was 71 (68-72) and of these, 7 (5-10) could 
not be analysed. There was no evidence of airway 
obstruction in only 10 (3-22) of the periods 
analysed, and no abnormality of chest wall mechan- 
ics in 14 (0-36). Mouth breathing varied consider- 
ably between patients, being present in a median of 
10 (1-38) periods per patient. The frequency of 
these abnormalities for each patient is given in table 
3. There was no clear difference between patients 
using PCA and those receiving extradural analgesia. 
Airway obstruction and abnormal chest wall me- 
chanics were related significantly (P<0.0001), but 
the relationship between mouth breathing and 
abnormal mechanics was not significant 
(0.05<P<0.1). 

Table 3 also gives the relative distribution of the 
abnormalities of chest wall mechanics. There was no 
clear difference between the two types of analgesia. 
Both gastric pressure paradox and abdominal move- 
ment paradox were frequent (33 (14-50) % and 34 
(0-52) % of the time, respectively). We noted that 
when these patterns were present, there was in- 
creased abdominal muscle activity on the EMG 
record. Ventilatory frequency over the study varied 
considerably between patients, with a median of 13.5 
(9.5, 14.5) bpm. For each patient, ventilatory 
frequency also varied considerably within the study, 
increasing with arousal. There were no episodes of 
central apnoea. Determination of the incidence of 
central hypopnoea was difficult. We defined central 
hypopnoea as a reduction in both nasal gas flow and 
oesophageal pressure change during inspiration, that 
is a decrease in both tidal volume and effort. 
However, such changes were universal during recov- 
ery from an episode of airway obstruction, associated 
with a presumable decline in hypercapnic stimula- 
tion. A decrease in both nasal gas flow and oesopha- 
geal pressure change was not evident at other times, 
and we concluded that “central hypopnoea” was not 
present in these patients. 


PATTERN OF CHANGE IN PRESSURE AND MOTION 


Most breathing was either normal, had paradox of 
gastric pressure or had paradox of both gastric pres- 
sure and abdominal movement. An example is given 
in figure 2, showing progression from a normal 
pattern, to paradox of gastric pressure, then abdomi- 
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Table 2 Details of patients. RUQ = Right upper quadrant of the abdomen. Opioid doses are given as milligrams of morphine, 
assuming half the potency of diamorphine. Intraoperative doses include those given on recovery from anaesthesia. All extradural 
opioids were diamorphine. Intraoperative doses given to patients with extradurals are divided into extradural (e) and i.v. Pre-study 


amount = Amount given before the study started. 





Patient ro Height Weight Opioid administration 

No. Sex (yr) (cm) (kg) Incision Analgesia Intraoperative Pre-study During study 
1 M 46 185 81 RUQ PCA 15 28 8 
2 M 64 175 74 ‘Transverse Extradural 13 iv. 8 3 
3 F 65 165 65 Transverse PCA 10 20 9 
4 M 74 173 60 Midline PCA 10 7 4 
5 F 71 153 67 RUQ Extradural 3e 8 4 
6 M 43 173 82 Midline PCA 12 40 13 
7 M 64 168 83 Transverse Extradural 2e 7 4 
8 M 64 163 81 Midline PCA 10 19 6 
9 F 73 157 67 RUQ PCA 10 26 4 
10 M 66 171 74 Transverse Extradural 5 i.v.+3 e 5 4 


Table 3 Incidence and duration of respiratory abnormality in the patients studied 


Incidence of abnormality (%) 


Analgesic Abnormal Airway Mouth 

Patient No. method mechanics obstruction breathing 
1 PCA 97 69 58 

2 Extradural 56 42 2 

3 PCA 46 89 18 

4 PCA 35 90 14 

5 Extradural 100 100 91 

6 PCA 100 98 69 

7 Extradural 18 0 0 

8 PCA 89 78 0 

9 PCA 100 94 54 

10 Extradural 67 72 8 





nal movement paradox, followed by resumption of 
normal breathing. 

Representative plots of breaths of each type, 
obtained from the records of another patient, from a 
period of 30 min, are shown in figures 3-5. 


Normal breath (fig. 3) 

Plots of Pga vs Poes and Pga vs Pdi showed 
“looping”. At the start of inspiration, Poes decreased 
promptly. The direction of the early inspiratory plot 
was only just in the “diaphragm action” sector. In the 
second part of the inspiration, gastric pressure 
increased and remained increased during the first 
part of expiration. The plot of abdominal dimension 
against gastric pressure showed that in the first half of 
inspiration there was little increase in either gastric 
pressure or abdominal volume. In the second half of 
inspiration, abdominal dimension increased 
smoothly as gastric pressure increased. The plot of 
rib cage and abdominal dimensions showed that 
early in inspiration the relative proportion of rib cage 
dimension increase was greater than that of the 
abdomen, whereas during expiration both dimen- 
sions decreased progressively and in the same 
proportion, so clockwise “looping” is seen. This pat- 
tern was seen in all patients. 

The changes in this type of breathing can be sum- 
marized as oesophageal pressure and rib cage dimen- 
sion changing in advance of abdominal dimension, 
with gastric pressure and abdominal dimension 


Percentage of time spent with different mechnical 


patterns 
Gastric Abdominal Rib cage 
pressure motion motion 

Normal paradox paradox paradox 

2 56 42 0 

44 8 48 0 

54 45 0 0 

65 24 5 6 

0 43 57 0 

0 9 91 0 

82 18 0 0 

11 89 0 0 

0 50 50 0 

33 16 51 0 


changing in phase in the later part of inspiration. In 
expiration, gastric pressure and transdiaphragmatic 
pressure decreased, and oesophageal pressure in- 
creased. The plot of abdominal dimension against 
gastric pressure decreased along a plot that was the 
reverse of inspiration. 


Gastric pressure paradox (fig. 4) 

Figure 4 shows a breath sampled in the same patient, 
approximately 30 s before the example in figure 3. 
Gastric pressure decreased early in inspiration. All 
patients showed this pattern of change at some time 
during the study. The Pga ws Poes and Pga vs Pdi 
plots showed an initial downward descent, and then 
an increase in gastric pressure in the second part of 
inspiration. The abdominal dimension/gastric pres- 
sure plot showed a deflection in a horizontal 
direction (i.e. no change in abdominal dimension 
during early inspiration) before both dimensions 
increased in the second half of inspiration. This pat- 
tern of abdominal dimension/Pga plot was most 
common, but in two patients an increase in abdomi- 
nal dimension occurred as gastric pressure de- 
creased. On the dimension plot, outward rib cage 
motion started with no initial change in abdominal 
dimension. In the second half of inspiration, and in 
expiration, the shape of this plot remained similar to 
that seen in a normal breath. 
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Figure 2 Chest wall dimensions, oesophageal and gastric pressures, and derived diaphragmatic pressure in one patient, illustrating the 
different types of abnormality. At A, a normal breath with increases in rib cage and abdominal dimension, and gastric pressure, at the start 
of inspiration; at B, gastric pressure decreases at the onset of inspiration; at C, both gastric pressure and abdominal dimension decrease at 


the start of inspiration. 
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Figure 3 A single breath showing a normal pattern of breathing. The first half of inspiration is shown with the symbols (C) the second 
half with the symbols (O) and the subsequent early part of expiration with the symbol (A). Rib cage and abdominal dimensions are in 
arbitrary units; abdominal dimension is used with a common scale on the two plots. (The final part of expiration has been omitted for 


clarity, see text for further discussion.) 


Abdominal movement paradox (fig. 5) 
Gastric pressure, oesophageal pressure and abdomi- 
nal dimension decreased during the first part of 
inspiration. On the plot of abdominal dimension and 
gastric pressure, gastric pressure and abdominal 
dimension decreased in concert at the start of inspi- 
ration but then increased in the second half of inspi- 
ration. A particular feature of this type of breathing 
was that during expiration, abdominal dimension 
decreased as gastric pressure either remained un- 
changed or increased. This is shown clearly in the 
example, and was seen in all subjects. As expected, 
rib cage dimension increased but abdominal dimen- 
sion decreased at the start of inspiration, but again in 
late inspiration both dimensions increased together. 
In several subjects, rapid and frequent changes 
between these breathing patterns were noted, 
whereas in other patients more stable patterns of 


breathing, particularly that of gastric pressure 
paradox, were noted. Often airway obstruction 
became progressively more severe and ended with 
apparent arousal and restoration of a temporarily 
normal breathing pattern. 

All patients received oxygen 2 litre min’ from a 
nasal cannula. Despite airway obstruction, oxygen 
saturation did not decrease to less than 90% in any 
patient. Occasionally the oxygen saturation display 
was less than 90%, but in each of these events, the 
observer could see both the patient and the plethys- 
mographic waveform displayed by the oximeter, and 
judged the low saturation value artefactual, usually 
caused by patient movement. 


Discussion 


We have described the patterns of respiratory 
mechanics that occur after major abdominal surgery 
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Figure 4 A single breath, from the same patient as in figure 4, showing a reduction in gastric pressure at the onset of inspiration. Symbols 
as in figure 3. Rib cage and abdominal dimensions are in arbitrary units. Note the increased “looping” in the gastric pressure vs 
oesophageal pressure and gastric pressure vs diaphragmatic pressure plots during the first part of inspiration, indicating a phase shift, with 


pressure in thé oesophagus “leading” gastric pressure. 
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Figure 5 An example of a single breath, from the same patient as in figure 4, showing a reduction in abdominal dimension at the onset of 
inspiration. Symbols as in figure 3. Rib cage and abdominal dimensions are in arbitrary units. Note the greater changes in oesophageal 
and transdiaphragmatic pressure. These changes suggest increased tension in the inspiratory muscles. The decrease in gastric pressure at 
the onset of inspiratory attempt, synchronous with the decrease in abdominal dimension, indicates an increased contribution from rib 


cage muscles. 


in association with breathing and breathing distur- 
bances. These patterns proved remarkably consist- 
ent, although the relative changes were complex. Sta- 
tistical analysis of the changes was categorical 
because several factors prevented a more quantitative 
approach. 

The oesophageal balloon method is not of great 
value for estimating the absolute value of pleural 
pressures in supine subjects, particularly when lung 
volume is small, although pressure changes can be 
measured satisfactorily’. In our subjects, abdominal 
muscle activity was frequently present to some 
degree, so the absolute values of gastric pressure 
would be affected. However, we believe that within- 
breath changes can be used descriptively, as we have 


done in the example shown, and that breaths a few 
minutes apart (as in figs 3-5) can be compared use- 
fully. 

Measurement of chest wall motion using induct- 
ance bands is a simple and non-invasive method, but 
is often difficult in recumbent patients” or after 
operation. Our patients were always supervised 
closely to ensure that the bands remained in about 
the same place, but changes in position disturbed the 
signal for some time and was the most common rea- 
son for an uninterpretable trace. There are several 
alternative methods for calibration of the inductance 
band device, but only the original isovolume 
manoeuvre is sufficiently robust statistically to prop- 
erly partition abdominal and rib cage volume contri- 
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butions”. Repeated calibration of the bands under 
the conditions of this study was impossible, and we 
only used these signals qualitatively. For example, a 
simultaneous reduction in the changes in oesopha- 
geal pressure and rib cage dimension was interpreted 
as a decrease in respiratory drive. Such changes were 
noted cyclically in some patients during recovery 
from an episode of obstruction. 

We used nasal pressure signals similarly to provide 
a breath-by-breath indication of flow. Clear changes 
were seen in association with obstruction, followed 
by arousal, with transient increases in flow and 
breathing movements. EMG signals can be quanti- 
fied by rectification and integration, but we were 
unsure of the stability of the recording system over 
several hours. The signals were used to indicate the 
phase and pattern of external oblique activity. 

The patterns of motion observed are worthy of 
comment, and each variable studied will be consid- 
ered in turn. Pressures related to elastic and 
resistance components can be distinguished by their 
relationship to flow and volume change. For 
example, the flow-related component of the oesopha- 
geal pressure change is more than doubled after 
sedation with midazolam” because airway resistance 
is increased. Oesophageal pressure change is greater, 
for the same degree of neural activation of the 
inspiratory muscles, if inspiration is impeded. This is 
partly because the muscles shorten less and more 
pressure is generated. The extreme example of this is 
occluded inspiration where the muscles contract but 
cannot shorten, other than to distort the chest wall, 
and oesophageal pressure decreases considerably 
more than during a normal breath. If airway 
resistance is increased, but flow is not reduced, then 
the inspiratory muscle activity must have increased. 
Transpulmonary pressure during inspiration, associ- 
ated with that flow, is greater because of the increased 
resistance. We infer that airway obstruction is 
responsible for the increased change in oesophageal 
pressure early in inspiration that could be seen when 
the abdominal wall moved inward during inspiration, 
and this inference was supported by the statistical 
association between episodes of airway obstruction 
and abnormal chest wall mechanics. 

In a normal breath, gastric pressure and abdominal 
dimension increase and decrease together, suggesting 
that abdominal motion is the result of diaphragm 
action, and that the compliance of the anterior 
abdominal wall does not change during the respira- 
tory cycle. 

On the other hand, abdominal wall compliance 
clearly does alter when gastric pressure decreases at 
the start of inspiration (fig. 4). At the same time, rib 
cage dimension increases and oesophageal pressure 
decreases rapidly. Such changes could be caused by 
the inspiratory action of the rib cage. They could 
equally well be the result of relaxation of the abdomi- 
nal muscles, if these muscles have acted to decrease 
the dimensions of the lower rib cage, or possibly 
caused by both of these actions. These alternatives 
can be distinguished partly by considering the 
abdominal dimension/gastric pressure plot, so that 
the inspiratory action of rib cage muscles and relaxa- 
tion of the abdominal expiratory muscles generate 
movement of the plotted values in different direc- 
tions. The slope of the plot depends on the 
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compliance of the abdomen. Abdominal compliance 
is small if the abdominal muscles and diaphragm are 
contracting at the same time, whereas it is greater if 
the inspiratory rib cage muscles are active alone, as 
the abdominal contents are drawn passively in a cra- 
nial direction as pleural pressure is reduced. In this 
study, abdominal pressure decreased with little 
change in abdominal dimension, so the abdomen or 
diaphragm was relaxing. Previous observations sug- 
gest that large changes in gastric pressure, particu- 
larly during expiration, can be related directly to 
abdominal muscle activity” ”. 

When both gastric pressure and abdominal volume 
decrease together, there must be a dominant effect of 
the rib cage inspiratory muscles. Even when the 
abdomen moves paradoxically on inspiration, 
transdiaphragmatic pressure still increases (fig. 5), 
indicating that the diaphragm is active, and that it is 
contracting against an increased respiratory imped- 
ance. Indeed, pressure changes tended to be greater 
when respiration was impeded. However, this action 
does not displace the abdominal contents because 
gastric pressure shows no increase. In such condi- 
tions, assessment of “dysfunction” using changes in 
transdiaphragmatic and gastric pressure is impossi- 
ble. We had no index of diaphragmatic activation, as 
could be provided by electromyography. However, 
the commonly used index of contractility, the ratio of 
EMG to Fdi, is altered by both posture and the 
degree of abdominal muscle activity”, and therefore 
this would not have been of great value. Other work- 
ers have found that maximum diaphragmatic electro- 
myographic activity is reduced after abdominal 
surgery but this appears to be in proportion to the 
reduction in tidal volume”. Contractility appears 
unaffected”. Similarly, extradural analgesia was 
noted to restore both electrical activity and tidal vol- 
ume by approximately similar amounts™. Paradoxical 
chest wall movements similar to those we have 
described have been noted in obese patients with 
sleep apnoea” and patients with airway obstruction 
after surgery”. 

We suggest that these abnormal patterns of gastric 
pressure and abdominal dimension indicate activity 
of the inspiratory rib cage muscles and abdominal 
expiratory muscles. Airway resistance probably acti- 
vates the intercostal muscles because of the stretch 
reflex. Intercostal muscles have many muscle spin- 
dles’® and have a clear reflex response to imposed 
loads”’”. In contrast, the diaphragm has few spindles 
and no clearly defined reflex response to loads, other 
than via vagal reflexes”. Rib cage movement is thus 
greater in early inspiration and this feature can be 
seen to a lesser extent even in “normal breathing” 
after operation (fig. 3). The decrease in gastric pres- 
sure was similar but not identical to that seen in uni- 
lateral diaphragm paralysis” or in the horse” when 
the abdominal muscles are used to assist expiration. 
EMG assessment of the relative timing and activation 
of the diaphragm and intercostal muscle activity 
would be helpful to examine the possible reflex aug- 
mentation of intercostal activity in early inspiration. 

Previous workers have used the relationship 
between gastric and oesophageal pressure changes to 
assess the relative contribution of the diaphragm’. 
This approach is generally valid if only the diaphragm 
or inspiratory rib cage muscles, or both, are active; in 
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the present situation, there may be differences in the 
timing of activity of these muscles, the magnitude of 
their reflex activation by increased airway resistance 
may differ and, in addition, the abdominal muscles 
are active in expiration. 

Opioid administration may enhance rib cage 
stiffness. Patients in this study received only moder- 
ate quantities of opioid (table 2). Extradural analge- 
sia had no clear influence on abnormal chest wall 
mechanics. 

Opioid administration may also influence the 
observed changes by provoking airway obstruction, 
particularly during sleep. Previous observers found 
that episodes of airway obstruction were associated 
with episodes of desaturation. Catley and colleagues’ 
found that hypoxaemic episodes occurred during 
sleep and were associated with obstructive apnoea 
and opioid analgesia. However, their identification of 
episodes of airway obstruction depended entirely on 
the quantitative use of the inductance band method, 
which is unlikely to remain accurate for long periods 
of time. Although these workers have illustrated 
paradoxical changes in chest wall dimensions similar 
to those in this study”, such movements have been 
incompletely investigated and described. We found 
that outward rib cage motion was almost completely 
preserved during airway obstruction and conclude 
that although this movement does not indicate 
abnormalities of breathing in patients after opera- 
tion, it provides a reliable indication of inspiratory 
effort. Measurement of gas flow at the nose in addi- 
tion to rib cage movement allows airway obstruction 
to be recognized. The combined measurement of rib 
cage movement and gas flow at the nose could 
provide an indication of airway obstruction with 
minimal disturbance to the patient. An episode of 
obstruction would be recognized reliably by outward 
movement of the rib cage (showing an inspiratory 
effort) with absence of gas flow at the nose. 
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Thoracic impedance used for measuring chest wall movement in 


postoperative patients 


G. B. DRUMMOND, A. F. NIMMO AND R. A. ELTON 


Summary 

Thoracic impedance (TTI) and rib cage induct- 
ance band (IB) signals were measured in 10 
patients during the first night after abdominal 
surgery, and compared by successive correla- 
tion of the change in each signal. Poor matching 
of the signals occurred, on average, for 94 min 
either because of movement or differences in 
the waveform. There were frequent episodes of 
transient poor correlation, generally associated 
with transient respiratory disturbance, predomi- 
nantly airway obstruction (58%). Thoracic im- 
pedance measurements are simpler than induct- 
ance band methods for detecting rib cage 
movement and may be useful for large studies 
of respiratory abnormalities in patients after 
operation. (Br. J. Anaesth. 1996;77:327-332) 


Key words 


Ventilation, postoperative. Ventilation, rib cage. 
Measurement techniques, thoracic impedance. 





Breathing abnormalities, including episodes of cen- 
tral and obstructive apnoea’ and disturbed chest wall 
movements’, are frequent after major surgery. 
Central and obstructive apnoea can be distinguished 
by measures of both chest wall movement and airway 
flow. We know of no studies of patients after 
operation in which the reliability of such measure- 
ments has been assessed, and only one in which the 
number of artefacts has been reported’. This type of 
information is particularly important if automated 
methods of data analysis are contemplated. 

Chest wall movement is commonly attributed to 
contributions from the rib cage and abdomen, and 
the motion of these two “compartments” can be used 
to predict respired volume‘. After operation, abdomi- 
nal movements are frequently abnormal or even 
paradoxical’, whereas rib cage movement remains in 
phase with respiratory effort and better indicates 
inspiratory activity. Chest wall movement is meas- 
ured most often by means of inductance bands’ 
which detect changes in the self-inductance of a coil 
placed round the chest wall in an extensible band: 
changes in the signal are thought to represent 
changes in area, although this may not be correct’. 
Circumferential length sensors have also been 
used’*, Such devices can estimate tidal volume but 
are affected by body motion”, posture”, sleep” and 
airway obstruction”, and the bands can be inconven- 
ient. We have re-examined the value of transthoracic 


impedance (ITT) to indicate rib cage movement". 
The method is simpler and less obtrusive, using 
adhesive electrodes to measure the voltage generated 
across the chest surfaces by the presence of a small 
constant current, usually applied via the sensor elec- 
trodes themselves. Previous studies attempted to 
relate TTI directly to respired volume, but this is now 
recognized as being inappropriate”, TTI has been 
compared previously with inductance bands” but 
not in patients after surgery, so the suitability of the 
two methods for this is not known. We have studied 
how well TTI and rib cage inductance signals 
compare, to give a qualitative index of rib cage move- 
ment, how reliable these methods are and the reasons 
for discrepancies between the signals. 


Patients and methods 


Patients gave informed written consent and local 
Ethics Committee approval was granted. We studied 
10 patients after major abdominal surgery over the 
first night after operation while they were in a surgi- 
cal high dependency unit. Criteria for admission to 
the study were an abdominal incision extending 
above the umbilicus and age more than 40 yr. 
Patients were excluded if they were chronically 
hypercapnic or had a body weight more than 130% 
of that expected on the basis of sex, age and height. 
Analgesia was provided with either a thoracic 
extradural infusion or i.v. patient-controlled injec- 
tions of morphine. 

Transthoracic impedance was measured with a 
device constructed in the Department of Medical 
Physics and Medical Engineering. It gave a constant 
current of 1.5 mA rms, frequency 70 kHz and was 
connected to the chest wall via two Medicotest ECG 
electrodes, one on the right mid-axillary line at a level 
corresponding to the V6 ECG electrode position and 
the other medial to the top of the left anterior axillary 
line. Earlier studies showed these positions gave more 
reliable waveforms than when electrodes were placed 
in both mid-axillary lines. The amplifier output was 
filtered (bandwidth 0.01~-1.4 Hz, —6 dB octave”). 

Rib cage movement was measured with an induct- 
ance band placed round the rib cage immediately 
below the axillae. It used an alternating current of 
100 kHz and self-inductance was measured with 
another device made by the Department of Medical 
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Table 1 Incidence and duration of episodes of poor correlation caused by patient movement and lack of correspondence between the 


two waveforms 


Patient movement 


Poor waveform correspondence (min) 


Total time Total duration of Inductance 
Patient No measured (min) No. of episodes episode (min) TTI abnormal abnormal Both abnormal 
1 358 3 10 0 0 0 
2 357 1 3 0 0 0 
3 356 2 5 185 0 0 
4 358 2 14 58 0 19 
5 357 1 2 141 0 13 
6 357 4 18 0 114 0 
7 356 14 46 33 0 0 
8 357 0 0 129 0 0 
9 357 2 $ 4 0 0 0 
10 353 4 7 0 0 133 


Physics and Medical Engineering. The amplifier out- 
put was filtered (bandwidth 0.03-16 Hz, -6 dB 
octave"). Another band was placed around the abdo- 
men at the level of the umbilicus, but only the signal 
from the rib cage inductance band was used for com- 
parison with the TTT signal. 

Gas flow at the nose was measured from pressure 
fluctuations in a nasal oxygen cannula system” meas- 
ured using a differential transducer (Furness FC10, 
Bexhill, Kent). Signals were sampled continuously 
every 88 us with an AD converter (PCM8, Medical 
Systems Corporation, Digitimer, Welwyn Garden 
City, UK) and recorded on magnetic tape. Each 
record was replayed onto an eight-channel chart 
recorder (Graphtec WR3600) at 60 mm min” to 
allow inspection of the waveform patterns. Signals 
were passed also to a second AD converter into res- 
piratory logging software (Cardas version 2.07, 
Oxcams, Oxford) sampling at 20 Hz. Each patient 
provided approximately 6 h of recorded data. 

The waveforms were compared by taking succes- 
sive 10-s blocks of data of the TTI and rib cage 
impedance signals. In each 10 s, samples of each sig- 
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Figure 1 A sample of successive correlation plot illustrating the 
method of analysis. The horizontal bars (X-X, Y-Y) represent 
times when the correlation coefficient was less than 0.8 (line 
A-A) for more than 70% of the time. The first bar (X-X) 
indicates a period of 3 min caused by movement, and the second 
(Y-Y) a persistent period of poor matching. At the start of the 
plot, there was a transient episode of loss of correlation (Z) 
(r<0.6, line B-B). 


nal were obtained at 5 Hz, giving 50 values. Each 
value was subtracted from the following one to give 
the relative changes of each signal which were then 
correlated by least squares linear regression (SPSS 
4.0 for Unix V/386 Intel 80386). The strength of the 
correlation gave an index of the similarity of the two 
signal waveforms. These correlation estimates are 
presented as discrete values in the figures that have 
expanded time scales. For each patient, the correla- 
tion values of each 10-s block were plotted using a 
time scale of 40 cm h”. A typical short section of 
such a plot is shown in figure 1. The general pattern 
of these values was either a consistent excellent cor- 
relation with r values greater than 0.8, with 
occasional transient decreases in the r value; or peri- 
ods of time when the r values were variable and con- 
sistently less than 0.8. If the r value was less than 0.8 
for more than 30% in any 5 min this was termed 
“poor matching” and these periods measured for 
each patient. The chart records were inspected to 
determine the reason for the poor correlation, and 
classified into two categories: patient movement, rec- 
ognized by a short (1-5 min) episode where all 
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Figure 2 A plot of successive correlation values and the 
measured variables during a period of patient movement. Note 
also the poor nasal flow at the start of the trace, before arousal at 
about 30 s. 
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Figure 3 Poor correlation associated with a TTI signal which is 
biphasic and of low amplitude. 


signals became markedly disturbed; or a poor 
relationship between the TTI and inductance band 
waveform shapes. In these latter periods, a signal 
with an unclear and complex waveform was classified 
as “abnormal” (usually a decrease in amplitude ora 
biphasic pattern). Results are presented for either 
one, or both, signals being of this type. 


In the rest of the recording, when matching of the 


signals was generally good, episodes of transient 
decrease in the r value could occur when r became 
less than 0.6, usually for only one or two values. Each 
of these events was identified, related to the chart 
recording of the original signals and classified 
according to the apparent reason for the poor corre- 
lation. The respiratory pattern of the patient was 
inferred from the nasal flow signal leading up to the 
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event, in relation to the rib cage and abdominal 
inductance signals, and classified as showing: ap- 
noea, normal nasal flow pattern, mild or severe 
obstruction of nasal flow, or an abnormally large 
breath (usually after an episode of obstruction). 
Obstruction to flow was also recognized by a change 
in the waveform of the nasal flow signal. The TTI 
and inductance band signals were classified into one 
of the following categories: absent or low amplitude 
signal, stable waveform, change in baseline (succes- 
sive cycles having different amplitude of turning 
points), large change in signal amplitude, change in 
waveform or signal waveform that was opposite in 
phase to the other signals (paradoxical waveform). 
The relationships between these states for the three 
signals were investigated by logical analysis using 
Minitab PC version 8.2 run using DOS 6.2. 


Results 
We studied 10 patients (five females), mean age 68 yr 
and weight 89% of expected (range 72-100%). The 
waveforms were poorly matched for a mean of 94 
min (table 1). Motion artefact accounted for 11 min 
of poor matching. An episode of movement is shown 
in figure 2. Inadequate waveform matching ac- 
counted for the remainder of the time that the signals 
were poorly matched. The TTI waveform was poor 
on average for 58 min per patient. Both signals were 
poor for a mean of 16 min. An episode when the TTI 
signal was poor is shown in figure 3. TTI amplitude 
was small and the wave was biphasic in comparison 
with rib cage and abdomen inductance band signals. 
Four of 10 subjects were responsible for the majority 
of the poor TTI signals: 58, 129, 141 and 185 min, 
respectively. 

There was no apparent relationship between the 
method of analgesia and the inadequate waveform. 
Periods of poor waveform generally started and 
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Figure 4 Change in correlation associated with change in waveform of the TTI signal: recordings in the same patient, the second 15 min 


after the first. 


330 


2 
oon 





ttt 





Thoracic Correlation 
n Impedance 
Oo 
an bevel 


for 


Rib ca 


dimension dimens 


Abdomen 


Nasal 
flow 





-r 
0 10 20 30 40 50 60 
Time (s) 


Figure 5 Persistently good correlation despite disturbances in 
waveform of both TTI and inductance signals. 
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Figure 6 Persistently good correlation despite disturbances in 
breathing pattern and airway obstruction. 


ceased with episodes of movement, probably indicat- 
ing times when the patient moved into a different 
position. Figure 4 shows a change in correlation after 
a period of movement in a patient. The poor match- 
ing is associated with a change in the TTI waveform 
which shows a decrease in thoracic impedance at the 
onset of inspiratory flow. 

If the correlation of waveforms was satisfactory 
(r >0.8 for >70% of the time), the correspondence 
between TTI and rib cage inductance band signals 
was very good, even when there were transient 
changes in the pattern of respiration (fig. 5) or 
episodes of airway obstruction (fig 6). Episodes of 
severe airway obstruction resulted in transient reduc- 
tion in correlation, either because of changes in 
waveform (fig. 7) or changes in the signal baseline 
(fig. 8). 
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Figure 7 Repeated episodes of airway obstruction resulting in 
changes in waveform and baseline, and reduced correlation. 


Abdomen Rib cage Thoracic Correlation 
dimension dimension impedance ° 
oa = 


ALUA 


eeo Sh a he 
0 30 60 90 120 


Nasal 
flow 








| 
160 180 


Time (8) 


Figure 8 A minor episode of airway obstruction at 90-150 s 
with disturbances in TTI and inductance baseline and reduced 
correlation. 


There were a total of 390 episodes of transient 
poor correlation in the 10 patients, with patients 
showing between 9 and 81 episodes of this type 
(table 2). More than 50% were associated with 
airway obstruction. Large breaths after an episode of 
obstruction accounted for 18% of events. In 17% of 
transient poor correlation events, there was no 
abnormality in the nasal flow signal. Baseline 
position change of the TTI signal most frequently 
reduced the correlation (45% of episodes), for exam- 
ple with airway obstruction (fig. 8). Changes in 
waveform of the TTI signal caused 25% of episodes, 
and in 19% there was no clear fault. Most commonly, 
the inductance band signal associated with a 
transient reduction in the correlation did not change 
(34% of episodes). The baseline changed in 25% of 
the episodes, the waveform altered in 15% and a 
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small signal was present in 13%. 

Absent airway flow and no signal from the TTT 
trace (which could indicate central apnoea) was 
noted only once. During inspection of the paper 
records it was evident that satisfactory correlation 
values could persist despite minor disturbances in the 
baselines of the signals, and in the signal waveform 
and amplitude, such as in figure 8. The traces were 
not examined systematically for this, as objective cri- 
teria for such events would have been difficult to 
establish. 


Discussion 

Chest wall impedance has been used to monitor res- 
piration for many years”. The early development of 
the method has been reviewed by Pacela”’. Realizing 
that independent movements of rib cage, abdomen 
and trunk contribute to lung volume changes” and 
that TTI is related to rib cage dimension” has 
tempered the hope that TTI could be related directly 
to lung volume, although alternative approaches 
using electrode arrays may provide more information 
on lung volume”. Comparisons of TTI with other 
methods have only been for short periods of time, 
often for only a few minutes”. We set out to use TTI 
to indicate chest wall movement and thus classify 
abnormalities of breathing. We have found from 
studies of oesophageal pressure in such patients that 
the most frequent respiratory abnormality is obstruc- 
tive apnoea. In this case, the rib cage inductance 
band signal remains in phase with respiratory efforts, 
whereas abdominal movements may cease or become 
paradoxical’. Nasal flow often changed abruptly. In 
this study we are reasonably confident therefore that 
the decreases in flow represented obstruction rather 
than hypopnoea (when the flow waveform was 
attenuated but of similar shape) or change to mouth 
breathing (which we found to be almost always only 
expiratory). 

For comparison, we used inductance bands. If the 
output signal is AC-coupled to remove baseline fluc- 
tuations, this method gives a long-term satisfactory 
qualitative index of movement, being disturbed only 
when the patient changes position. In this study, the 
inductance band system was judged to give a poor 
signal for a single prolonged episode (114 min) in 
only one subject and in 15% of the isolated events of 
poor correlation. However, inductance bands and 
TTI obviously detect different physical characteris- 
tics, and some of the discrepancies we found may be 
caused by other but nevertheless “real” changes, 
such as intrathoracic fluid shifts, which alter TTI 
measurements. Visual inspection and previous 
experience of the relationship between lung volume 


Table 2 Incidence of abnormal waveforms associated with 
transient poor correlation. Values are percentage of total episodes 
of poor correlation 


TTI Inductance 
Abnormality 
Small wave 3 13 
Normal 19 34 
Baseline shift 45 25 
Abnormal waveform 25 15 
Other 8 13 
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and chest wall dimension measurements led us to 
classify the simpler waveforms as “correct” although 
this is to some extent arbitrary. 

The frequency of breathing was generally approxi- 
mately 15 (range 7-30) bpm. Consequently, the 
sample rate of 5 Hz used gave 10-40 samples for 
each breath, usually 20. More rapid sampling would 
give small increments between successive values that 
could be affected by noise in the signals. With 10 s for 
each correlation, we compared the correspondence 
of the waveform over approximately two breaths 
which is probably what is done when comparisons 
are “by eye”, and the number of samples was 
sufficiently great to ensure a good chance of 
detecting correlation. We detected three types of loss 
of correspondence between the signals. The first 
type, classified as movement artefact, disturbed both 
signals equally. The second type, poor waveform cor- 
respondence, was often judged to be the “fault” of 
the TTT signal: only on one occasion did the induct- 
ance method give a poor signal. Finally, there were 
frequent events when there was temporary loss of 
correlation between the signals. However, inspection 
of these events showed that on most occasions the 
TTI signal remained “interpretable”. The most 
common reason for poor correlation was a baseline 
shift. The TTI apparatus we used was intended for 
measurement of the duration of inspiration and expi- 
ration of each breath and had an extended low 
frequency response for this purpose, and this 
reduced its capacity to recover from baseline 
changes. A reduction of the low frequency response 
of the TTI system would reduce the incidence of 
these episodes. 

In 25% of cases, the baseline shift was associated 
with an episode of obstruction, and it may be that the 
shift was caused by changes in blood volume in the 
chest during obstruction. Another common reason 
for poor correlation was a change in waveform (99 of 
390 events), and an uninterpretable signal was 
present on only four occasions. The method we used 
of testing for waveform comparability gives false 
positives: occasions when the TTI signal, alone, 
could be useful but the comparability of the waves 
was poor. The false negative rate, when the 
correspondence between the signals may have been 
poor but the correlation method did not indicate this, 
is probably small. We had no automated method or 
specific criteria for identifying false negative events, 
but carefully examined each chart, several times, 
without finding this possibility. 

Studies of respiratory movement are generally for 
short measurement periods**. Overnight studies 
measuring respiratory movement or gas flow are 
uncommon, the study of Catley and colleagues being 
an exception’. They measured chest wall movements 
and interpreted paradoxical movements as airway 
obstruction, but gave no details of how much time 
satisfactory signals were absent. In another study 
using a simplified inductance band system, 14 of 63 
records were excluded because of inadequate quality, 
and artefacts occurred at 0.2-0.7 per hour, which is 
a very low rate compared with this study. These were 
detected by inspection of the charts only, perhaps a 
less rigorous test of signal quality’. Similar studies by 
others, using inductance bands” or chest wall 
sensors”, used computerized methods for analysis 
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but provided no details of the means of validation of 
the data. 

A more recent study” involved 20 patients, each 
studied both before operation and for 60-70 h after 
operation. An observer was present continuously to 
exclude artefact, but no details are provided of the 
proportion of record excluded. 

We believe that our study is the first report of the 
quality of postoperative respiratory monitoring. The 
quality of these signals was affected by patient factors 
such as motion and also by technical factors such as 
electrode contact, position, and the position and sta- 
bility of the inductance bands. Ideal signals would be 
obtained from a patient who slept in one position for 
the whole night: such a patient would certainly be 
over-sedated and likely to develop pressure sores, 
atelectasis and sputum retention (at least). Thus loss 
of signal is inevitable: breathing should not be a com- 
pletely continuous process. Clinical investigations 
require differentiation of central and obstructive 
apnoea and this can be done with an index of the 
presence or absence of respiratory movements and a 
nasal flow signal. This study showed that TTI can 
provide this index, and as TTI measurements are 
simpler than inductance band methods, larger num- 
bers of patients may be studied more easily. 
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Preoxygenation in children using expired oxygraphy 


P. J. BUTLER, H. M. Munro AND M. B. KENNY 


Summary 

We performed preoxygenation on 25 patients, 
aged 1~12 yr. End-tidal oxygen sampling was 
used to find the duration of preoxygenation 
required to reach an end-tidal oxygen fraction of 
0.9. Ali children reached this end-point within 
80 s, which was markedly more rapid than that 
observed in adult subjects. The clinical applica- 
tions of this form of monitoring in children are 
discussed. (Br. J. Anaesth. 1996;77:333-334) 


Key words 


Anaesthetic techniques, preoxygenation. Anaesthesia, pae- 
dlatric. Children. Monitoring, oxygen. 





Preoxygenation of the lungs is an important compo- 
nent of rapid sequence induction of anaesthesia and 
in many instances is part of routine anaesthetic prac- 
tice. It reduces the risk of hypoxia during apnoea 
after induction of anaesthesia by providing a 
reservoir of oxygen in the patient’s functional 
residual capacity (FRC). Although there have been 
many studies on the period required for preoxygena- 
tion, none has measured alveolar gas concentration 
in the paediatric population. Recent work has estab- 
lished respiratory oxygraphy as a reliable and 
non-invasive measure of end-tidal oxygen fraction 
(FE'o,) °. The purpose of this study was to determine 
the duration of preoxygenation required in paediatric 
patients to achieve an Fr'y, of 0.9. 


Patients and methods 

After obtaining Ethics Committee approval, in- 
formed parental consent and patient assent, where 
appropriate, we studied 25 patients, aged 1-12 yr, 
ASA I-I, before induction of general anaesthesia. 
Premedication comprised midazolam 0.2 mg kg" 
intranasally at the discretion of the anaesthetist. 
Exclusion criteria included intracardiac shunting, 
active respiratory disease (including upper respira- 
tory tract infection within 2 weeks), acute abdominal 
disease, known difficult airway or craniofacial abnor- 
mality such that an anaesthetic mask could not be 
applied to the face. Mean age was 4.1 (range 1-12) yr 
and mean weight was 20.9 (sp 14.2) kg. 

A circle absorber system was flushed with 100% 
oxygen and a flow rate of 6 litre min’ was used for the 
study. A clear anaesthetic face mask (Vital Signs, 
Totowa, USA) of appropriate size was used. Subjects 
were laid supine and the mask was applied to 
produce a gas tight seal. If old enough to understand, 
subjects were instructed to breathe normally. In- 


spired and expired gases were sampled from immedi- 
ately adjacent to the mask by a Rascal IT monitor 
(Ohmeda, Salt Lake City, USA) calibrated according 
to the manufacturer’s instructions. This device uses 
the Raman light scattering principle to measure 
anaesthetic and respiratory gases with a response 
time of less than 350 ms (10-90% rise time). Fe'o, 
was recorded every 10 s and preoxygenation 
proceeded until FE'o, reached 0.9. 


Results 

Mean (95% confidence limits) FE'o, values were cal- 
culated for each 10-s period from the start of preoxy- 
genation and used to construct a graph of oxygen 
wash-in against time (fig. 1). It was found that 22 
(88%) of the subjects reached an FE'o, of 0.9 within 
60 s and all reached this end-point within 80 s. 
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Figure 1 End-tidal oxygen fraction vs time for the 25 children 
during preoxygenation (mean, 95% confidence limits). 


Discussion 


There have been many studies of desaturation during 
induced apnoea after preoxygenation. Two studies of 
time for oxygen saturation to decrease to 90% in 
children showed that desaturation can occur rapidly, 
especially in small children, and that preoxygenation 
was useful in preventing this’* . However, using time 
to desaturate is a poor method of defining the time 
required for adequate preoxygenation. Desaturation 
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is affected not only by variations in oxygen wash-in to 
the lungs, but also by variables such as cardiac index 
and oxygen consumption’. It is also a delayed and 
retrospective measurement. Measurement of oxygen 
saturation during the preoxygenation process is of 
little value as saturation may be 99-100% while 
breathing room air. 

End-tidal oxygraphy enables the anaesthetist to see 
on a breath-by-breath basis the success of the 
preoxygenation process. Studies in adults have 
shown that oxygen wash-in follows an exponential 
pattern and it has been proposed that the end-point 
for adequate preoxygenation should be an Ft'y, of 
0.9'?, The remaining 0.1 fraction consists mainly of 
carbon dioxide and nitrogen. Compared with pulse 
oximetry, an advantage of using respiratory oxygra- 
phy lies in the fact that it is a real-time measurement 
and reveals variations in oxygen wash-in between 
patients. It is also a sensitive detector of poor mask fit 
in that air entrainment is recognized immediately 
and can be rectified‘, 

We have shown that preoxygenation to an Fs', of 
0.9 was possible within 80 s in all patients. This find- 
ing is in contrast with studies in 40 healthy adults’ 
and 200 adult elective surgical patients’ in whom 
20% and 23%, respectively, of subjects had not 
reached an FE'o, of 0.9 within 180 s. More.rapid oxy- 
gen wash-in would be expected in children. Tidal 
volume, deadspace and FRC values in children are 
similar to those of adults when related to body size, 
but children have a higher ventilatory frequency’. 
Closing volumes are not reached during the course of 
normal expiration in children, unlike in the case of 
older adults. 

Children may be less compliant than adults with a 
prolonged period of preoxygenation. Expired oxygra- 
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phy enables the anaesthetist to monitor alveolar gas 
concentrations precisely so that induction of anaes- 
thesia can occur as soon as Fp’, reaches the desired 
level. There is a theoretical benefit in continuing pre- 
oxygenation after an FE'o, of 0.9 has been reached as 
poorly perfused organs may take longer to equilibrate 
with the alveolar oxygen fraction. 

In summary, we have shown that all children 
attained an FE'o, of 0.9 with 80 s of preoxygenation. 
We have also demonstrated the value of expired 
oxygraphy in the assessment of optimal preoxygena- 
tion on an individual patient basis. When suitable 
monitors are unavailable we suggest that a sensible 
duration of preoxygenation in healthy children 
should be not less than 60 s, paying attention to tech- 
nique to produce a good mask seal and prevent air 
entrainment. 
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Intubating conditions and time course of rocuronium-induced 


neuromuscular block in children 


T. Fucus-BuDer AND E. TASSONYI 





Summary 

We have investigated the potential of rocuro- 
nium 0.6 mg kg’ (2xEDas) and 0.9 mg kg“ 
(3xEDəs) for rapid sequence induction in 100 
children, aged 3-7 yr. Intubating conditions with 
the two different doses of rocuronium were 
assessed in 70 children (n=35 in each group) 
undergoing elective surgery. Intubation was car- 
riad out by mimicking rapid sequence induction, 
and intubation conditions were evaluated ac- 
cording to a standard score. Intubating condi- 
tions were good to excellent in all 70 patients 
investigated (2xED,,: excellent 29, good 6; 
3xEDg,: excellent 33, good 2). In another 30 chil- 
dren (n=15 in each group), we examined the 
times of rocuronium-induced neuromuscular 
block using electromyography. Lag time and 
recovery index did not differ significantly be- 
tween the two groups (lag time: 37 (sp 12) vs 33 
(14) s; recovery index: 9 (3) vs 10 (4) min). Three 
times the EDgs induced deeper neuromuscular 
block, 1 min after injection compared with 
2xEDg, (twitch height: 42 (24) vs 25 (19)%, 
respectively; P<0.05). The same was true for 
onset time (193 (47) vs 118 (23) s; P<0.01), clinical 
duration (21 (4) vs 34 (11) min; P<0.01) and dura- 
tion to 75% recovery (30 (6) vs 44 (4) min; 
P<0.01). By mimicking rapid sequence induction, 
both doses of rocuronium offered clinically 
acceptable (good or excellent) intubating condi- 
tions. (Br. J. Anaesth. 1996;77:335-338) 
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Rocuronium bromide is a new steroidal non- 
depolarizing neuromuscular blocking drug, related 
structurally to vecuronium. This compound is 
characterized by a rapid onset and intermediate 
duration of neuromuscular block'*. The rapid onset 
of action of rocuronium was the subject of several 
investigations determining if this compound allows 
rapid sequence induction. In adult patients, good to 
excellent intubating conditions were reported”*. Crul 
and colleagues found that increasing the dose of 
rocuronium from 0.6 to 0.9 mg kg” improved condi- 
tions for rapid sequence induction’. Unfortunately 
they did not provide any information on whether or 
not this increase changed the time course of 


neuromuscular block, a well known phenomenon 
with other neuromuscular blockers’. In four of 40 
patients undergoing elective Caesarean section, 
Abouleish and colleagues found clinically unaccept- 
able intubating conditions after administration of 
rocuronium 0.6 mg kg’*®. Thus, this suggests that 
2xED,5 of rocuronium is not sufficient for rapid 
sequence induction. The only published study using 
rocuronium for intubation in children was reported 
by Woelfel and co-workers’. However, the use of 
rocuronium in children for rapid sequence induction 
has not been evaluated to date. This question is of 
clinical interest because of the recent controversy on 
the use of suxamethonium in children™ ". 

The aim of this study was to investigate intubating 
conditions with two different doses of rocuronium 
(0.6 and 0.9 mg kg") in children. Intubating 
conditions were investigated by mimicking rapid 
sequence induction. In addition, we assessed the 
time course of rocuronium-induced neuromuscular 
block. 


Patients and methods 


The study was approved by the institutional Ethics 
Committee and informed consent was obtained from 
the children’s parents. We studied 100 children, ASA 
I or I, aged 3-7 yr, undergoing elective surgery. 
Patients were excluded if they were known to have 
neuromuscular disease or were receiving medications 
known to influence neuromuscular function. All 
patients were premedicated with midazolam 0.2 mg 
kg” orally, 1 h before induction of anaesthesia. 

We first assessed the quality of rocuronium 
neuromuscular block in the context of rapid 
sequence induction. Seventy patients were allocated 
randomly to one of two groups of 35, to receive either 
rocuronium 0.6 mg kg’ (2xED 5) or 0.9 mg kg’ 
(3xEDg5). Anaesthesia was induced with alfentanil 
10 ug kg’ and thiopentone 5 mg kg” followed by the 
dose of rocuronium according to patient group. 
Rocuronium was injected over 5 s. Sixty seconds 
after the end of injection, the trachea was intubated 
in all patients by the same experienced anaesthetist 
blinded to the treatment. He assessed intubating 
conditions using the following criteria’: 
excellent=jaw relaxed, vocal cords abducted and 
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immobile, and no diaphragmatic movement; 
good=jaw relaxed, vocal cords abducted and immo- 
bile, and some diaphragmatic movement; poor=jaw 
relaxed, vocal cords moving, and coughing; and 
inadequate=jaw not relaxed and vocal cords closed. 
Cricoid pressure was applied during insertion of the 
tube. In addition, intubation time (time from start of 
intubation until definitive placement of the oral tube) 
was determined in both groups. 

In the second part of the study we investigated the 
time course of rocuronium-induced neuromuscular 
block, comparing doses of 2xED,s with 3xEDgs. 
Thirty children were allocated randomly to one of 
two groups of 15. In both groups anaesthesia was 
induced with alfentanil 10 ug kg’ and thiopentone 
5 mg kg’, and maintained with isoflurane (1% 
end-tidal concentration) and 60% nitrous oxide in 
oxygen via a face mask. End-tidal carbon dioxide 
concentration was maintained at 4.5-5 vol% (Nor- 
mocap, Datex Instrumentarium Corporation, Fin- 
land). Neuromuscular transmission was assessed by 
electromyography (Relaxograph, Datex Instrumen- 
tarium Corporation, Finland) at the right ulnar 
nerve-hypothenar muscle using transcutaneous elec- 
trodes. Measurements started when anaesthesia had 
been induced. The Relaxograph was set to deliver 
supramaximal stimuli (0.1 ms duration) of train-of 
four (TOF) at 2 Hz every 20 s. The first of the four 
evoked responses was considered the twitch height. 
To minimize movement-induced changes in twitch 
response during electromyography, the patient’s 
hand was fixed carefully. When the end-tidal 
isoflurane concentration had stabilized, the Relaxo- 
graph was re-calibrated and control twitch height 
measured. Patients then received either rocuronium 
0.6 or 0.9 mg kg’. Administration of rocuronium was 
synchronized with the Relaxograph, with completion 
of injection concomitantly at the end of control TOF 
stimulation. The following times of neuromuscular 
block were measured: lag time=time between admin- 
istration of rocuronium and the first measurable 
neuromuscular effect (twitch depression 25% of 
control value); twitch height at 1 min = twitch height 
1 min after administration of rocuronium; onset 
time=time between administration of rocuronium 
and maximum twitch depression; clinical duration 
(CD)=time between administration of rocuronium 
and recovery to 25% twitch height; recovery index 
(RD=time from 25% to 75% twitch height recovery; 
and duration 75 (D75)=time between administration 
of rocuronium and recovery to 75% twitch height. 

End-tidal carbon dioxide concentration, tempera- 
ture over the adductor pollicis muscle and isoflurane 
concentration were maintained stable during the 
whole study (4.5-5 vol%, 235 °C and 0.8-1%, 
respectively). Patients did not receive additional neu- 
romuscular blockers until recovery to 95+5% twitch 
height. Patients in whom twitch height did not 
recover to control levels were excluded. 

The Mann-Whitney U test was used for statistical 
comparison of the times of neuromuscular block 
induced by the two different doses of rocuronium. 
Intubating conditions were analysed using the 
chi-square test. All values, except intubation scores, 
are expressed as mean (SD). For statistical compari- 
sons, differences were considered significant when 
P<0.05. 
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Table 1 Patient data (mean (sp or range)) 


Intubating conditions Time course 


Rocuronium 0.6 mg kg’ 0.9mgkg? 0.6mgkg" 0.9 mg kg? 


n 35 35 15 15 
Age (yr) 5 (3-7) 5 (3-7) 5 (3-7) 5 (3-7) 
Weight (kg) 20.7 (4.8) 20.9 (4.5) 20.7 (3.3) 19.7 (3.4) 


Table 2. Rapid sequence induction: intubating conditions. 
Intubation score: Excellent=jaw relaxed, vocal cords abducted 
and immobile, and no diaphragmatic movement; Good=jaw 
relaxed, vocal cords abducted and immobile, and some 
diaphragmatic movement; Poor=jaw relaxed, vocal cords moving, 
and coughing; Inadequate=jaw not relaxed and vocal cords 
closed; Intubating time=time from beginning of intubation until 
placement of the oral tube 





Rocuronium 
0.6 mg kg” (n=35) 0.9 mg kg’ (n=35) 


Intubation score 


Excellent 29 33 

Good 6 2 

Poor 0 0 

Inadequate 0 0 
Intubating time (8) 

(mean (sp)) 12.5 (3.4) 11.6 (2.7) 


Table 3 Rapid sequence induction: effective dose of drugs used 
(mean (sp)) 


Rocuronium 

0.6 mg kg" 0.9 mg kg” 
Thiopentone (mg kg’) 5.0 (0.18) 4.99 (0.17) 
Alfentanil (ug kg’) 9.78 (0.75) 9.94 (0.63) 
Rocuronium (mg kg“) 0.60 (0.02) 0.90 (0.02) 
Results 
The study groups did not differ in age or weight 
(table 1). 


Intubating conditions obtained with both rocuro- 
nium 2xEDy5 and 3xEDg5, were clinically acceptable 
(e.g. excellent or good) (table 2). There were no dif- 
ferences in the frequency distribution of excellent or 
good intubation conditions between the two groups: 
after 2xEDg 5, intubating conditions were excellent in 
29 patients and good in six; after 3xED,,, intubating 
conditions were excellent in 33 patients and good in 
two. Intubation was performed within 12.5 (3.4) s 
after 2xED 9s and within 11.6 (2.7) s after 3xEDg.. 
The doses of drugs used for rapid sequence 
induction were comparable in both groups (table 3): 
thiopentone (5.0 (0.18) vs 4.99 (0.17) mg kg”) and 
alfentanil (9.78 (0.75) vs 9.94 (0.63) ug kg”; respec- 
tively). 

After rocuronium, twitch height recovered to con- 
trol levels in all 30 patients included in this part of 
the study, Lag time did not differ between the two 
doses (37 (12) vs 33 (14) s; respectively) but after 3 x 
EDs onset time was found to be faster (193 (47) vs 
118 (23) s; P<0.01), clinical duration longer (21 (4) 
vs 34 (11) min; P<0.01), duration until 75% 
recovery of twitch height longer (30 (6) us 44 (4) 
min; P<0.01) and neuromuscular block at 1 min 
greater (42 (24) vs 25 (19)% twitch height, P<0.05). 


Rocuronium in children 


Table 4 Time course of neuromuscular block (mean(sp)). Lag 
time = Time between injection of the neuromuscular blocker and 
first measurable neuromuscular effect; Onset time = Time 
between injection of the neuromuscular blockers and maximal 
block; Twitch height at 1 min = Twitch height 1 min after the 
end of injection of the neuromuscular blocker; CD = Clinical 
duration; RI = Recovery index; D75 = Duration until 75% 
recovery of twitch height; *P < 0.05; **P < 0.01 





Rocuronium 
0.6 mg kg? (n=35) 0.9 mg kg” (n=35) 








Lag time (s) 37 (12) 33 (14) 

Onset time (s) 193 (47) 118 (23)** 

Twitch height at 1 min 42 (24) 25 (19)* 
(%) 

CD (min) 21 (4) 34 (11)** 

RI (min) 9 (3) 10 (4) 

D75 (min) 30 (6) 44 (4)** 








Recovery index was similar in both groups: 9 (3) min 
after 2xEDos and 10 (4) min after 3xED,, (table 4). 


Discussion 

We have investigated for the first time the potential of 
rocuronium for rapid sequence induction in chil- 
dren. The doses of rocuronium represented 2xED95 
and 3xED,, for this age group’. The most important 
finding was that after both rocuronium 2xED,, (0.6 
mg kg") and 3xEDgs (0.9 mg kg"), intubating condi- 
tions evaluated at 60 s after administration of the 
neuromuscular blocking agent were good to excellent 
(table 2). 

There is some controversy on whether or not 
measurement of end-points such as onset time is 
meaningful in the context of defining optimal 
intubating conditions. Agoston stated that “onset 
time has become overestimated as a predictive 
parameter for the rate of development of adequate 
intubating conditions”, and “is not a meaningful, 
quantifiable end-point defining optimal intubating 
conditions”. Conversely, Magorian, Flannery and 
Miller “have chosen to monitor twitch tension as an 
end-point defining optimal intubating conditions, 
because this technique is quantifiable and reliable”. 
Intubation score is the principal measure in the con- 
text of rapid sequence induction, as it indicates 
whether or not the patient’s airway can be adequately 
secured reliably. Measurement of the time course of 
neuromuscular block is also important because 
information on onset characteristics (e.g. lag time, 
twitch height at 1 min and onset time) are 
complementary to information provided by the intu- 
bation score. However, both intubating conditions 
and time course of neuromuscular block are 
influenced by the depth of anaesthesia”. To 
overcome this problem in the context of 
measurement of the time course of neuromuscular 
block, re-calibration of the Relaxograph is needed 
when steady state concentration of the volatile anaes- 
thetic is achieved. Any additional change in inspired 
concentration may directly influence the results’ 
thus compromising the relevance of the data. With 
regard to intubating conditions, only those drugs 
needed for rapid sequence induction should be 
given, with no drug supplement before the tracheal 
tube is inserted and intubating conditions scored”. 
We evaluated both intubation score and times of 
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rocuronium-induced neuromuscular block. In order 
to overcome the methodological problem described, 
we evaluated intubating conditions and neuromuscu- 
lar pharmacodynamics in separate groups of patients. 

Thus in the first part of the study we investigated 
the potential of rocuronium for rapid sequence 
induction, using it strictly according to the scenario 
for rapid sequence induction but in elective cases. 
Factors affecting intubation conditions, such as the 
dose of hypnotic or opioid”, were controlled in a 
very narrow range (table 3), and were comparable 
between both groups. No volatile anaesthetic or 
other drug supplement was given until after intuba- 
tion. In all 70 patients, the trachea was intubated 
rapidly and without difficulty, and intubating condi- 
tions were clinically acceptable (table 2). In the 
group receiving 3xED,., a trend towards a higher 
frequency of excellent intubating conditions was 
found. However, this difference was not statistically 
significant. 

It would be of interest to compare intubating con- 
ditions after rocuronium with those after suxametho- 
nium, the gold standard for rapid sequence induc- 
tion. However, in view of the controversy on the use 
of this compound in elective paediatric anaesthe- 
sia", and clinical practice in our institution which 
limits suxamethonium to paediatric emergencies, we 
dismissed this possibility. In our opinion, these two 
drugs should be compared in children undergoing 
emergency intubation, where the use of suxametho- 
nium is generally accepted. 

To date, there are few data available on intubating 
conditions with rocuronium in paediatric patients. In 
a study of 12 children, intubating conditions 60 s 
after rocuronium were found to be excellent in nine 
and good in three patients’. Unfortunately the 
authors did not provide information on the potential 
of rocuronium for rapid sequence intubation, as 
intubating conditions were evaluated under steady 
state halothane anaesthesia. In adults, there is one 
published investigation on the potential of rocuro- 
nium for emergency intubation, using it strictly 
according to the scenario for rapid sequence 
induction but still in elective cases‘. These authors 
found a higher frequency of excellent intubating 
conditions when the dose of rocuronium was 
increased from 0.6 to 0.9 mg kg’. They concluded 
that the higher dose of rocuronium should be used 
for “real” rapid sequence induction. This conclusion 
was supported indirectly by the results of Abouleish 
and colleagues who found in four of 40 patients 
undergoing Caesarean section poor or inadequate 
intubation conditions 60 s after rocuronium 0.6 mg 

18 

In the second part of this study, we measured the 
time course of neuromuscular block after rocuro- 
nium 0.6 and 0.9 mg kg” in children. Particular 
attention was given to assessing the onset character- 
istics of rocuronium. These were assessed measuring 
lag time, twitch height at 1 min and onset time. In a 
study in adult patients, Wierda and colleagues” 
found that the lag time of rocuronium was less than 
that of vecuronium; neuromuscular block was 
initiated in less than 40 s, which is important in situ- 
ations where rapid control of the airway is required. 
However, in this study, an increase in the dose of 
rocuronium from 0.6 to 0.9 mg kg" did not lead to 
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further acceleration of lag time. In addition, the 
initial progression of rocuronium-induced neu- 
romuscular block was fast, leading to advanced 
motor block 1 min after injection of rocuronium, at 
the moment when rapid sequence intubation takes 
place. This phenomenon was more pronounced after 
the higher dose. In contrast with these findings, the 
onset time of rocuronium was not particularly fast in 
our patients. This confirms the findings of Wierda 
and colleagues who reported that rocuronium has an 
onset time comparable with that of vecuronium". It 
is the rapid initial development of neuromuscular 
block which distinguishes rocuronium from other 
non-depolarizing neuromuscular blocking agents, 
and this may explain the favourable intubating 
conditions observed. 

The duration of action of rocuronium was found to 
be intermediate after both 0.6 and 0.9 mg kg” (table 
4). Increasing the dose of rocuronium also increased 
its duration of action. This increase was statistically 
significant, but should not be clinically relevant as the 
profile of the drug did not change. Moreover, the 
recovery index was not affected by the increase in 
dose. These results are in accordance with those 
reported in the same age group by Woelfel and 
colleagues’. 

We conclude that in children, rocuronium at both 
doses investigated offered good to excellent intubat- 
ing conditions for rapid sequence induction in 
elective patients. Whether or not the intubating con- 
ditions of either rocuronium 0.6 or 0.9 mg kg” are 
comparable with those of suxamethonium should be 
investigated in real emergency situations. 
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Influence of induction technique on intubating conditions after 
rocuronium in adults: comparison with rapid-sequence induction 
using thiopentone and suxamethonium 
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Summary 

We have assessed the effect of anaesthetic tech- 
nique on intubating conditions after rocuronium 
0.6 mg kg’ in four groups (nm=25 each) of 
unpremedicated patients in whom anaesthesia 
was induced with either thiopentone 5 mg kg" or 
propofol 2.5 mg kg" alone, or supplemented with 
alfentanil 20 ug kg". Fifty control patients were 
anaesthetized with thiopentone followed by sux- 
amethonium. Laryngoscopy was commenced at 
45 s. Overall intubating conditions after rocuro- 
nium were similar to those after suxamethonium 
(good and excellent 96%) only when alfentanil 
was part of the induction regimen. However, 
intubation time was similar in all five groups and 
averaged 55 (sp 3.2) s, and the tube could be 
passed through open vocal cords within 70 s. 
After rocuronium the response of the diaphragm 
to intubation was more pronounced in the two 
groups of patients not receiving alfentanil 
(P<0.0001) and in patients anaesthetized using 
propofol with alfentanil (P<0.01) than in the con- 
trol group. Opioids (in doses equivalent to alfen- 
tanil 20 ug kg") constitute an integral part of an 
induction regimen containing rocuronium 0.6 
mg kg", regardless of whether or not thiopen- 
tone or propofol is used, in order to achieve 
overall intubating conditions similar to those 
after suxamethonium. (Br. J. Anaesth. 
1996;77:339-342) 
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Rocuronium offers the fastest onset of action of all 
clinically available non-depolarizing neuromuscular 
blocking agents. Intubating conditions at 60 s after 
administration of rocuronium 0.6 mg kg’ have been 
reported to be similar to those _ after 
suxamethonium’”, This similarity in intubating con- 
ditions is surprising, because the onset of action of 
rocuronium at the laryngeal adductor muscles is 
slower than that after suxamethonium, and the 
degree of block at these muscles is less intense*. 
Anaesthetic techniques used in previous studies’*, 
in particular the use of opioids, may have improved 
intubating conditions after rocuronium. When in- 


creasing doses of opioids were added to propofol, 
intubating conditions were similar to those after sux- 
amethonium, even in the absence of a neuromuscular 
blocking agent . Propofol rather than thiopentone 
may further facilitate intubation, as propofol was 
shown to depress laryngeal reflexes to a greater 
extent than thiopentone in comparable doses’. When 
anaesthesia was induced with thiopentone alone in 
unpremedicated adult patients, intubating conditions 
produced by rocuronium were less favourable than 
those produced by suxamethonium*. 

Consequently, we hypothesized that opioids 
should be used with an induction regimen containing 
rocuronium in order to achieve tracheal intubation 
within 60 s. In addition, we were interested in 
whether or not intubating conditions after rocuro- 
nium are more favourable if anaesthesia is induced 
with thiopentone rather than with propofol. There- 
fore, in this study we administered rocuronium to 
four groups of unpremedicated patients in whom 
anaesthesia was induced in a rapid-sequence man- 
ner, either with thiopentone or propofol alone, or 
supplemented with the opioid alfentanil. Rapid- 
sequence induction with thiopentone and suxam- 
ethonium was used in a control group. 


Patients and methods 

The study was approved by the Ethics Committee of 
the Medical Faculty of the University of Innsbruck. 
After obtaining written, informed patient consent, we 
studied 150 subjects, ASA I-O, aged 18-65 yr, 
undergoing minor elective surgery (orthopaedic or 
gynaecological) under general anaesthesia. None of 
the patients had a history of malignant hyperthermia 
or were receiving any medications known to interact 
with neuromuscular blocking agents. Pregnant pa- 
tients were excluded. A careful physical examination 
was performed to exclude patients with potential air- 
way problems. 


STUDY DESIGN 


Patients were allocated randomly to one of five study 
groups. In the control group, 50 patients received 
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thiopentone 5 mg kg” and suxamethonium 1 mg kg” 
in a rapid-sequence manner. Rocuronium 0.6 mg 
kg’, twice its ED95, was administered to four other 
groups of patients (25 patients in each group) in 
whom anaesthesia was induced with either thiopen- 
tone 5 mg kg” (group T-R) or propofol 2.5 mg kg" 
(group P-R) alone, or supplemented with alfentanil 
20 pg kg’ (groups AT-R and AP-R). The main vari- 
ables assessed in these patients were intubation time 
and intubating conditions. 


ANAESTHETIC TECHNIQUE 


Patients did not receive premedication. After 3 min 
of preoxygenation, anaesthesia was induced in a 
rapid-sequence manner (not applying cricoid pres- 
sure) with thiopentone or propofol followed by 
suxamethonium or rocuronium. When alfentanil was 
part of the induction technique, it was administered 
immediately before the i.v. anaesthetic. All drugs 
were given into a rapidly running infusion of lactated 
Ringer’s solution. Injection times were 10 s for alfen- 
tanil and thiopentone, 15 s for propofol, and less 
than 5 s for rocuronium and suxamethonium. Heart 
rate (determined by ECG), non-invasive arterial 
pressure, arterial oxygen saturation (Spo, and 
endtidal carbon dioxide concentration were moni- 
tored in all patients (Cardiocap, Datex, Finland). 


TRACHEAL INTUBATION 


A tracheal tube (Mallinckrodt Lo-Pro, Mallinckrodt 
Laboratories, UK) with an internal diameter of 8.5 
cm in males and 7.5 cm in females was used. A flex- 
ible plastic mounted stylet was inserted into the tube. 
The same fully trained anaesthetist (“intubator”), 
who was blinded to the treatment each patient 
received, performed all intubations using a Macin- 
tosh size 4 blade. In order to prevent the intubator 
from noting suxamethonium-related muscle fascicu- 
lations, the intubator was called to enter the study 
room 40 s after administration of the blocker, and 
another 5 s later he was instructed to start intubation. 
The tube was intended to be placed in the trachea as 
soon as possible, but only when the vocal cords were 
open and immobile. Otherwise insertion of the tube 
was delayed until the vocal cords were open and 
immobile. 


ASSESSMENT OF INTUBATION TIME AND INTUBATING 
CONDITIONS 


Intubation time was recorded as the number of 
seconds from the end of administration of blocker to 
insertion of the tube in the trachea, as measured by a 
stop-watch. Intubating conditions were assessed 
using the criteria of Cooper and colleagues’ (table 1). 
In addition, the occurrence of suxamethonium- 
related muscle fasciculations and movement of the 
limbs during and immediately after intubation were 
noted by both the attending anaesthetist and the 
intubator. 


STATISTICAL ANALYSIS 


Summary statistics (sample size, mean (SD)) were 
calculated for all quantitative variables of each group. 
We used one-way analysis of variance to compare 
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Table 1 Scoring of intubating conditions’. A total score of 8-9 = 
excellent; 6-7 = good; 3-5 = fair; 0-2 = poor 


Jaw relaxation 


(ease of Response to 
Score laryngoscopy) Vocal cords intubation 
0 Poor Closed Severe 
(impossible) coughing or 
bucking 
1 Minimal Closing Mild coughing 
(difficult) 
2 Moderate Moving Slight 
(fair) diaphragmatic 
movement 
3 Good (easy) Open None 





age, weight and height between the five groups, and 
the chi-square test to compare distribution by sex. In 
order to evaluate differences between the control and 
each of the other groups, intubation time was 
analysed using the Mann-Whitney U test, and 
intubating conditions assessed using the chi-square 
or Fisher’s exact test. Estimation of sample size was 
based on the results of a previous study’ in which 
60% of patients receiving rocuronium and 92% of 
patients receiving suxamethonium showed excellent 
intubating conditions after rapid-sequence induction 
with thiopentone. Using a two-group chi-square test 
(0.05 two-sided significance level with a correction 
factor for the four comparisons, 80% power) the 
minimum sample size thus determined was 45 
patients for the control and 23 patients for each of 
the groups given rocuronium. Calculations were car- 
ried out using the software package SPSS (version 
6.0 for Windows, SPSS Inc., Chicago, IL, USA). 


Results 


Mean age, weight and height of the 150 patients were 
34 (range 18-55) yr, 69 (sp 12.0) kg and 172 (8.7) 
cm. 
Intubation time was similar in all groups with a 
mean value of 55.0 (3.4) s. In seven patients (two 
patients in the control group, three in group T-R, and 
one each in groups P-R and AT-R) the tube was posi- 
tioned after 60 s because of problems with laryngos- 
copy or closed and mobile vocal cords. However, in 
all patients the tracheal tube was passed easily 
through open vocal cords within 70 s. Intubating 
conditions approximately 60 s after suzamethonium 
(control group) were rated as excellent in 88% and 
good in 12% of patients. Intubating conditions 60 s 
after rocuronium differed between the control and 
groups I-R and P-R, but were similar between the 
control and groups AT-R and AP-R, in which alfen- 
tanil was given during induction of anaesthesia. In 
groups T-R and P-R, intubating conditions were 
rated as excellent in only 40% and 32%, good in 40% 
and 60%, and fair in 20% and 8% of patients, 
respectively (P<0.0001 vs control) (fig. 1). 

Among the three variables contributing to assess- 
ment of intubating conditions, ease of laryngoscopy 
was similar in all patients. On average, laryngoscopy 
was judged to be easy in 80% and fair in 20% of 
patients. However, the condition of the vocal cords 
differed between the control group and rocuronium- 
treated patients who did not receive alfentanil (fig. 
2). In addition, in groups T-R and P-R and also in 
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Figure 1 Intubating conditions after suxamethonium (control 
group; n=50) or rocuronium (groups T-R, P-R, AT-R and AP-R; 
n=25 each) after rapid-sequence induction using different 
anaesthetic techniques. (Solid bars=excellent, shaded bars=good, 
open bars=fair.) ***P<0.0001 compared with control value. 


group AP-R, the response of the diaphragm to intu- 
bation was more pronounced than in the control 
group (fig. 3). 

Suxamethonium-related muscle fasciculations 
were not seen by the intubator, whereas the attending 
anaesthetist observed muscle fasciculations in 85% 
of patients given suxamethonium. During or imme- 
diately after intubation, or both, movement of the 
limbs (most frequently the hand, lower arm and foot) 
were observed in 8% of patients after suxametho- 
nium, but in 40% of patients in group T-R (P<0.002 
vs control), and 56% of patients in group P-R 
(P<0.001 ws control). In contrast, there was no 
difference in the incidence of movement of the limbs 
between the control and groups AT-R and AP-R, 
who were given alfentanil during induction. 


Discussion 


The results of this study indicated that in unpremedi- 
cated adult patients, intubating conditions after 
rocuronium were influenced by the induction 
technique. However, the anaesthetic technique used 
for induction of anaesthesia had no significant influ- 
ence on intubation time after rocuronium 0.6 mg kg” 
compared with suxamethonium. Overall intubating 
conditions after rocuronium were similar to those 
after suxamethonium when alfentanil 20 pg kg’ was 
part of the induction regimen. However, they 
differed from those after suxamethonium when 
anaesthesia was induced with either thiopentone or 
propofol alone in equipotent doses”. 

The findings of this study are supported by the 
results of previous studies in which intubating condi- 
tions after rocuronium were assessed. In one group of 
studies, where opioids were part of the induction 
regimen or used for premedication, intubating 
conditions at 60 s after rocuronium 0.6 mg kg” were 
similar to those after suxamethonium’’. Although 
opioids and i.v. anaesthetics had no influence on the 
neuromuscular blocking effects of rocuronium”, the 
use of opioids in these studies might have contrib- 
uted to the favourable intubating conditions 60 s 
after rocuronium. After addition of increasing doses 
of alfentanil to propofol or thiopentone, both used as 
induction agents, intubating conditions became 
more favourable‘ and were even similar to those 
after suxamethonium’*. However, when no neu- 
romuscular blocking agent was administered, intuba- 


341 


Patients (%) 











pee t 
TR P-R AT-R AP-R 


Group 


100 7 
76 ~ 
50 
2- 

0 


Control 


Figure2 Initial aspect of the vocal cords on laryngoscopy, 245 s 
after suxamethonium (control group; n=50) or rocuronium 
(groups T-R, P-R, AT-R and AP-R; n=25 each) after rapid 
sequence induction using different anaesthetic techniques. (Solid 
bars=open, lightly shaded bars=moving, open bars=closing, 
darkly shaded bars=closed.) ***P<0.001, group T-R compared 
with control; tP < 0.05, group P-R compared with control. 
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Figure 3 Response of the diaphragm to intubation after 
suxamethonium (control group; 7=50) or rocuronium (groups 
TR P-R, ATR and AP-R; n=25 each) after rapid-sequence 
induction with different anaesthetic techniques. (Solid 
bars=none, lightly shaded bars=diaphragmatic movement, open 
bars=mild coughing, darkly shaded bars=severe coughing.) 
***P<0.0001, groups T-R and P-R compared with control; 
ttP<0.01, group AP-R compared with control. 


tion failed in 50% of patients anaesthetized with pro- 
pofol 1.5-2 mg kg” and alfentanil 1 mg’. 

In another set of two studies, intubating conditions 
were found to be less favourable after rocuronium 
than after suxamethonium’’. In one of these studies, 
in unpremedicated adult patients, anaesthesia was 
induced in a rapid-sequence manner with thiopen- 
tone alone (6 mg kg. In the other, patients were 
premedicated orally, and anaesthesia was induced 
with small doses of thiopentone and fentanyl and 
maintained with increments of these agents for 
approximately 10 min before rocuronium was 
administered’. 

Evidence suggesting that anaesthesia does have an 
impact on intubating conditions after rocuronium is 
supported by the findings of another study on 
rocuronium, in patients undergoing Caesarean sec- 
tion. The dose of thiopentone was increased from 4 
to 6 mg kg", and intubation was commenced at 80 s 
instead of 60 s in order to achieve good or excellent 
intubating conditions in 90% of patients”. 

In contrast with other investigators’” °, we did not 
measure the time course of action of rocuronium, as 
the main purpose of this study was to challenge the 
efficacy of rocuronium in providing smooth intubat- 
ing conditions within 60 s by using different 
techniques of induction of anaesthesia. In addition, 
until now no conclusive correlation between onset 
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time at the adductor pollicis muscle and intubating 
conditions has been shown”. In our study, laryngos- 
copy revealed that the vocal cords were moving or 
closing in about 25% of rocuronium-treated patients 
who did not receive alfentanil during induction. The 
response of the diaphragm to intubation was more 
pronounced after rocuronium than after suxametho- 
nium, but was attenuated by alfentanil (fig. 3). 

These findings are supported by recent investiga- 
tions‘, The laryngeal adductor muscles and the 
diaphragm are more resistant to the effects of 
rocuronium than the adductor pollicis muscle’. 
However, the onset of action of small doses of 
rocuronium (0.4 and 0.5 mg kg”) at the laryngeal 
adductor muscles was shown to be faster than at the 
adductor pollicis muscle*’*. In contrast, the onset of 
rocuronium at the diaphragm was found to be slower 
than at the adductor pollicis muscle”. In addition, 
even after administration of higher doses of rocuro- 
nium (0.8 and 1.2 mg kg”), the onset of action at the 
laryngeal adductor muscles was slower than that after 
suxamethonium 1 mg kg” *. 

Hence, signs of incomplete neuromuscular block 
at the vocal cords, the diaphragm and other muscles 
may be observed more frequently after administra- 
tion of rocuronium 0.6 mg kg” than after suxametho- 
nium, if laryngoscopy with subsequent tracheal intu- 
bation is commenced at 45 s, in particular with a 
light plane of anaesthesia. In this study, movement of 
the limbs was noted only in exceptional cases after 
suxamethonium, and after rocuronium with alfen- 
tanil, but were observed frequently (240%) after 
rocuronium without alfentanil. 
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Spinal anaesthesia with 0.5% hyperbaric bupivacaine in elderly 
patients: effect of site of injection on spread of analgesia 
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Summary 

In this randomized, observer-blind study, we 
have examined, in elderly patients, the effect of 
site of injection on analgesia levels after spinal 
injection of 0.5% hyperbaric bupivacaine solu- 
tion. Thirty male patients, aged 68-87 yr, under- 
going minor urological surgery during spinal 
anaesthesia received 3 ml of a 0.5% hyperbaric 
bupivacaine solution at either the L34 (n=15) or 
L4—5 (n=15) interspace. The solution was in- 
jected with the patient in the sitting position. The 
patient remained sitting for 2 min and was then 
placed in the supine horizontal position. Analge- 
sia levels were assessed bilaterally using pin- 
prick. The highest analgesia levels did not differ 
between groups (medians were approximately 
T7). There were no significant differences in the 
time to maximum cephalad spread of analgesia, 
maximum degree of motor block or haemody- 
namic changes. We conclude that injection at the 
L4-5 interspace has no advantage compared 
with injection at the L3-4 interspace. (Br. J. 
Anaesth. 1996;77:343-346) 


Key words 
Anaesthetic techniques, subarachnold. Anaesthetics local, 
bupivacains. Age factors. 


Clinical studies have shown that the profile of spinal 
anaesthesia after subarachnoid administration of 
hyperbaric bupivacaine solutions changes with in- 
creasing age'”. The highest level of analgesia extends 
approximately 3—4 segments higher in elderly com- 
pared with young adult patients. Age and higher lev- 
els of analgesia appear to be the main factors associ- 
ated with the development of hypotension during 
spinal anaesthesia‘. The degree of arterial hypoten- 
sion after subarachnoid administration of local 
anaesthetics correlates with the level of sympathetic 
block, which is generally 2—4 spinal segments higher 
than the level of analgesia’. Therefore, it is important 
to limit the levels of analgesia and the associated lev- 
els of sympathetic block. This study was designed to 
determine and compare the levels of analgesia after 
injection of a hyperbaric bupivacaine solution at the 
L3-4 or L4—5 interspaces. 


Patients and methods 


We studied 30 male patients, ASA I-I, aged 68-87 
yr, undergoing minor urological surgery under spinal 
anaesthesia. The study was approved by the Medical 


Ethics Committee of the University Hospital Leiden 
and verbal consent was obtained from all patients. 
Patients with diabetes, a history of neurological 
disease or coagulopathy were excluded. Patients were 
allocated randomly to receive 0.5% hyperbaric bupi- 
vacaine solution at either the L3—4 (group 1, n=15) 
or L4—5 (group 2, n=15) lumbar interspace. A rand- 
omization table was made before the start of the 
study and codes were stored in sealed envelopes, 
which were opened shortly before the extradural pro- 
cedure. 

Patients were premedicated with temazepam 10 
mg orally and atropine 0.25 mg i.m., 45 min before 
induction of spinal anaesthesia. Before spinal injec- 
tion, 500 ml of glucose in saline were administered 
by rapid i.v. infusion. The appropriate lumbar inter- 
space was determined independently by two anaes- 
thetists. The spines of the vertebrae were counted 
from both the cranial and caudal directions and the 
iliac crest was palpated to confirm the position of the 
fourth lumbar vertebra. Dural puncture was per- 
formed with the patient in the sitting position by a 
standard midline approach using a 25-gauge 
Quincke spinal needle via an 18-gauge introducer. 
When a free flow of clear cerebrospinal fluid was 
obtained and after aspiration of 0.2 ml of spinal fluid, 
0.5% bupivacaine HCl 3 ml in 8% glucose 
(Marcaine heavy, Astra, Södertälje, specific gravity 
1.026 at 20 °C) was injected at room temperature at 
arate of 0.2 mls". Patients were kept sitting for 2 min 
after completion of the subarachnoid injection and 
were then placed in the supine horizontal position. 

Analgesia was assessed bilaterally in the anterior 
axillary line by pinprick using a short bevelled 
25-gauge needle. Assessments were made every 5 
min during the first 30 min after injection and at 45 
and 60 min thereafter. Analgesia was defined as 
inability to detect a sharp pinprick. When maximum 
cephalad spread of analgesia was produced, motor 
block of the lower limbs was assessed bilaterally using 
a modified Bromage classification by asking the 
patient to raise the extended leg, flex the knee and 
flex the ankle, and was rated per joint (0=no, 1=par- 
tial, 2=complete motor block). The results obtained 
on both extremities were added, giving a maximum 
score of 12 (complete motor block). The following 
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variables were recorded: time to maximum cephalad 
spread of analgesia; highest level of analgesia; and 
degree of motor block. The study was observer- 
blind, that is the investigator assessing the level of 
analgesia and intensity of motor block was unaware 
of the site of injection. 

Systemic arterial pressure, measured with an auto- 
matic cycling device (Accutor 1, Datascope, Hel- 
sinki, Finland) and heart rate (from the electrocar- 
diogram) were monitored before injection, during 
induction, during surgery and in the recovery room 
at the following times: at 5-min intervals during the 
first 0.5 h and then at 15-min intervals until the 
patient was returned to the ward. If systolic arterial 
pressure decreased more than 30% below the prean- 
aesthetic value or to less than 90 mm Hg, ephedrine 
5 mg was given i.v. Bradycardia (heart rate <55 beat 
min”) was treated with atropine 0.25 mg i.v. 

Group sizes were based on power analysis, which 
showed that with the variance in the highest level of 
analgesia observed in patients older than 65 yr in a 
previous study’, 15 patients would be required per 
group to achieve an 80% probability of detecting a 
difference of two segments between the groups at the 
0.05 level of significance. Data are presented as mean 
(sp), median (95% confidence intervals (CI) or fre- 
quencies, as appropriate. Medians and confidence 
limits were corrected for the presence of tied 
observations‘. Patient characteristics were analysed 
using the two-tailed, two-sample t test. Neural block 
characteristics were analysed with the two-tailed 
Mann-Whitney U test. Fisher’s exact test was used 
for comparison of proportions. Haemodynamic data 
were examined using a repeated measurements 
analysis of variance design. Maximum changes in 
systolic arterial pressures (SAP) and heart rate (HR) 
were compared between groups using the two-tailed 
Mann-Whitney U test. P<0.05 was considered 
statistically significant. 


Results 
The groups were comparable in age, height and 
weight (table 1). Block characteristics are summa- 
rized in table 2 and were comparable between the 
groups. In all patients symmetrical analgesia levels 
were obtained. The median highest level of analgesia 
was T7.0 (CI T4.6-T9) in group 1 and T7.2 (T5.7- 
T8) in group 2 (fig. 1). Median times to reach the 
highest level of analgesia were 15.0 (CI 11.7—23.0) 
min and 16.4 (CI 10.0-19.3) min in groups 1 and 2, 
respectively, All patients in group 1 and 14 patients in 
group 2 achieved the maximum degree of motor 
block (score 12) before the start of surgery. 
Analgesia was adequate for surgery in all patients. 
Changes in SAP and HR were similar in both groups 
(table 3). Two patients in group 1 and one patient in 


Table 1 Patient characteristics (mean (sp or range)). Group 1 = 
injection at the L3—4 interspace; group 2 = injection at the L4-5 
interspace. No significant differences between groups 


Group 1 (n=15) Group 2 (n=15) 
Age (yr) 75 (68-87) 76 (69-82) 
Height (cm) 174 (8) 175 (5) 
Weight (kg) 73 (11) 76 (10) 
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Tuble2 Neural block characteristics (median (95% CD or 
number of patients (%)). Group 1 = injection at the L3—4 
interspace; group 2 = injection at the L4-5 interspace. No 
significant differences between groups 








Group 1 Group 2 
(n=15) (n=15) 
Analgesia 
Highest level T7.0 T7.2 
(T4.6-T9.0) (T5.7-T8.0) 
Time to maximal cephalad 
spread (min) 15 (12-23) 16 (10-19) 
Motor block 
Patients with complete block 15 (100) 14 (93) 
T4 o e 
TS e0000 ° 
T6 eee 
T7 —oo oe 
T8 ooo eevee 
T9 (0) ee 
T10 oo 
T11 (e 
T12 . 
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Figure I Highest levels of analgesia in individual patients after 
injection of 0.5% hyperbaric bupivacaine 3 ml at the L3— or 
4-5 interspace. Horizontal lines=medians (corrected for ties). 


group 2 required ephedrine for treatment of 
hypotension. No patient developed post-spinal head- 
ache. 


Discussion 

Several studies have shown that analgesia levels 
obtained after subarachnoid injection of a hyperbaric 
local anaesthetic solution are approximately 3-4 spi- 
nal segments higher in elderly compared with young 
adults patients. The same presumably holds for 
levels of sympathetic block that are associated with 
analgesia levels, but are generally 2—4 segments 
higher. Consequently, the highest levels of sympa- 
thetic block are often in the upper thoracic region in 
elderly patients, which may explain the higher 


Table 3 Haemodynamic data (median (95% CI) or number of 
patients (%)). Group 1 = injection at the L3—4 interspace; group 
2 = injection at the L4—5 interspace. No significant differences 
between groups 


Group 1 (m=15) Group 2 (n=15) 


Maximum decrease in SAP 

(%) 23 (15-29) 18 (16-22) 
Time to maximum decrease 

in SAP (min) 30 (18-40) 18 (10-30) 
Maximum decrease in HR 

(%) 11 (6-19) 13 (7-25) 
Time to maximum decrease 

in HR (min) 43 (33-53) 34 (25-49) 
Patients requiring ephedrine 2 (13) 1(7) 


Spinal anaesthesia in the elderly 


frequency of cardiovascular side effects in elderly 
compared with young adult patients**. Factors that 
contribute to the more extensive block in the elderly 
include gradual degeneration of the central and 
peripheral nervous system’ *, changes in the anatomi- 
cal configuration of the lumbar and thoracic spine’, 
and possibly a reduction in the volume of the 
cerebrospinal fluid”. 

The main objective of this study was to determine 
if injection of a hyperbaric bupivacaine solution at a 
lower (L4-5) than usual (L3—4) lumbar interspace 
reduced cephalad spread of local anaesthetic solution 
and thereby limited the highest analgesia levels. The 
study was based on earlier observations which 
showed that a hyperbaric local anaesthetic solution 
produced bimodal spread when the patient was 
turned supine and remained on a horizontal plane 
after midlumbar (L3—4) subarachnoid injection. In 
this situation the solution is under the influence of 
gravity and migrates preferentially to the low levels of 
the subarachnoid space, that is below L3 in the lum- 
bosacral concavity or above L3 in the thoracic 
concavity". If, however, the epicentre of the injection 
lies at L4-5 in the declining portion of the lumbar 
lordosis, a greater portion of the solution may spread 
in a caudad direction. The study was encouraged by 
recent observations of Hirabayashi and colleagues” 
who examined the anatomical configuration of the 
spinal column in supine volunteers using magnetic 
resonance imaging (MRI). They demonstrated that 
the median highest point was not located at L3, as is 
commonly believed, but at L4 (range L3-4 to L4), 
explaining partly why a uniform dose of hyperbaric 
anaesthetic solution shows variable levels of analgesia 
when injected via either the L3—4 or L4—5 interspace. 
It should be emphasized, however, that Hirabayashi 
and colleagues studied younger patients (aged 16-63 
yr). In elderly patients, such as in this study, the 
highest point may have migrated because of degen- 
erative processes. 

As it is well known that lumbar interspaces may be 
easily misidentified”, identification in this study was 
made independently by two anaesthetists who 
counted the spines of the vertebrae from both the 
cranial and caudad directions and palpated the iliac 
crest to confirm the position of the fourth lumbar 
vertebra. Despite these precautions it is possible that 
misidentification occurred in some patients. More 
definite identification of the correct interspaces 
would have required x-ray marking. However, we 
abstained from such procedures for ethical reasons. 
Moreover, such identification techniques may invali- 
date the results for prospective use in routine clinical 
practice, where these techniques are not used. 

The results of this study confirm that there is con- 
siderable spread in the highest levels of analgesia 
when a hyperbaric solution is administered to elderly 
patients. Furthermore, the results are in keeping with 
those of two earlier studies from our institute on the 
influence of age on the quality of neural block after 
subarachnoid administration of hyperbaric bupi- 
vacaine at the L3—4 interspace’’. Median highest lev- 
els of analgesia in elderly patients (>65 yr) in those 
studies were approximately T9 and T7, respectively. 
The results of this study were, however, disappoint- 
ing in that injection at the L4—5 interspace did not 
result in lower analgesia levels compared with 
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injection at the L3—4 interspace, and haemodynamic 
changes did not differ between groups. The lack of 
effect of the site of injection on analgesia levels is 
consistent with the findings of Sundnes and col- 
leagues”, the only investigators who have reported on 
the effect of site of injection on analgesia levels 
attained with hyperbaric bupivacaine, and they 
observed no correlation between the site of injection 
(L2-3 or L3—4) and the highest level of analgesia. 
However, their study was designed primarily to study 
the effects of volume of injected solution and patients 
were not allocated randomly to the puncture site. 

The effects of varying sites of injection have not 
been studied as extensively with hyperbaric as with 
plain bupivacaine solutions. However, with plain 
solutions there are discrepancies between studies that 
have examined the influence of different injection 
sites on analgesic spread’. There was no significant 
difference in maximal level of sensory block when 
plain bupivacaine solutions were injected in elderly 
patients at different levels, with patients in the sitting 
position during injection and until 2 min thereafter, 
when patients were turned supine”, In contrast, 
when solutions were injected with the patient in the 
lateral horizontal position and then turned immedi- 
ately supine after injection, highest analgesia levels 
were 4 segments higher when the injection was at the 
L2-3 interspace compared with the L3-4 or L4-5 
interspace’’*. Although comparisons between stud- 
ies may be confounded by differences in the 
temperature of the injected solutions (room tempera- 
ture vs body temperature), which affects baricity (at 
room temperature 0.5% plain bupivacaine is usually 
slightly hyperbaric, at body temperature usually 
slightly hypobaric, depending on the density of the 
CSF, which may vary between patients), these obser- 
vations suggest that the effect of the site of injection 
is dependent on the positioning of the patient, at least 
with plain bupivacaine solutions. 
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Inflammatory changes after extradural anaesthesia may affect the 
spread of local anaesthetic within the extradural space 


T. Icarasut, Y. HirABAYASHI, R. SHIMIZU, H. Mrrsunata, K. Sarron, H. FUKUDA, A. KONISHI 


AND H. ASAHARA 





Summary 

We have assessed cephalad spread of analgesia 
in 491 patients undergoing extradural anaesthe- 
sia at the L2-3 or L3— interspace. Patients were 
classified into one of three groups based on the 
number of previous lumbar extradural anaesthe- 
sia procedures: none (group |, n=339), one 
(group Il, n=82), and two or more (group Ill, 
n=70). Caphalad spread of analgesia was greater 
in group | than in groups Hl and Ill, regardless of 
the puncture site. In addition, we examined the 
extradural space using a flexible extraduroscope 
in 32 patients who were excluded from the 
analysis of spread. Extraduroscopy showed the 
extradural space to be patent in patients with no 
history of prior lumbar extradural anaesthesia, 
but it was not clearly identified in patients who 
had received extradural anaesthesia one or 
more times because of aseptic inflammatory 
changes, including proliferation of connective 
tissue, adhesions between the dura mater and 
the ligamentum flavum, granulation and 
changes in the ligamentum flavum. Extradural 
anaesthesia may cause aseptic inflammatory 
changes in the extradural space which may 
reduce the spread of analgesia. (Br. J. Anaesth. 
1996;77:347-351) 
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Repeat extradural anaesthesia has been reported to 
be unreliable compared with initial extradural anaes- 
thesia, resulting occasionally in unilateral or failed 
block '?. However, the reasons for the unreliability of 
repeat extradural anaesthesia have not been investi- 
gated thoroughly. Extraduroscopy provides a clear 
view of the lumbar extradural space °*. Therefore, we 
have studied the effects of repeat extradural anaes- 
thesia on the spread of analgesia and on extraduro- 


scopic findings. 


Patients and methods 

The study was approved by the local Ethics 
Committee and informed consent was obtained from 
all patients. Data were obtained from 523 patients 
who received extradural anaesthesia for a variety of 
therapeutic or surgical procedures, including extra- 


corporeal shock-wave lithotripsy, transurethral resec- 
tion of the prostate and transurethral resection of 
bladder tumours. 

In order to estimate the effects of repeated 
extradural anaesthesia on the spread of analgesia, we 
assessed cephalad spread of analgesia in 491 patients 
undergoing lumbar extradural anaesthesia per- 
formed at the L2-3 or L3-4 interspace. Patients were 
classified into one of three groups based on the 
number of previous lumbar extradural anaesthesia 
procedures: none (group I, n=161 (L2—-3), n=198 
(L3-4)), one (group I, n=33 (L2-3), n=56 (L3-4)) 
and two or more (group IM, n=26 (L2-3), n=49 
(L3-4)). Patients with a history of prior extradural 
anaesthesia of the cervical, thoracic or sacral region 
were excluded. Each patient was premedicated with 
hydroxyzine 25-50 mg. Patients were then placed in 
the right lateral decubitus position on a horizontal 
operating table. A 17-gauge Tuohy needle was intro- 
duced at either the L2-3 or L3—4 interspace using 
the paramedian technique. The extradural space was 
identified using loss of resistance with a small 
amount of air. When no cerebrospinal fluid or blood 
flowed from the needle, 2% mepivacaine 20 ml were 
injected into the extradural space via the needle over 
a period of 20 s. An extradural catheter (outside 
diameter 1 mm; Hakko, Tokyo, Japan) was inserted 5 
cm in a cephalad direction into the extradural space, 
and the patient was placed in the supine position. 
Fifteen minutes after injection, the cephalad level of 
analgesia was determined using the pinprick test and 
referring to a dermatome chart’ by pre-selecting the 
dependent side to record. Additional local anaes- 
thetic was administered via the catheter 15 min after 
the initial injection if the level of analgesia was inad- 
equate for the planned therapeutic or surgical proce- 
dure. 

In order to evaluate the effects of repeated 
extradural anaesthesia on the extraduroscopic find- 
ings, we examined the lumbar extradural space in the 
other 32 patients. These patients underwent the 
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Figure 1 Photographs of the lumbar extradural space obtained by extraduroscopy in patients with no history of prior extradural 
anaesthesia. The views are cephalad. The extradural space in a 53-yr-old woman is observed as a patent canal (a). The upper part of the 
canal appears yellow and was identified as the ligamentum flavum. The lower part appears as a white membrane with associated blood 
vessels and was identified as the dura mater. Bleeding was induced by the introduction of the Tuohy needle in a 5i-yr-old man (s). The 
connective tissue in a 55-yr-old woman was so fragile (c) that the extraduroscope was able to break it easily (D). 


same technique of extradural puncture and addi- 
tional examination of the lumbar extradural space 
with a flexible fibrescope, either 0.5 or 0.8 mm in 
diameter (Olympus AF type 5 or type 8, Tokyo, 
Japan) immediately after identifying the extradural 
space. The fibrescope was connected to a television 
monitor system (Olympus OTV-A and CLYV-A, 
Tokyo, Japan) and introduced into the extradural 
space easily through the Tuohy needle. Patients who 
underwent extraduroscopy were excluded from 
analysis of spread. 

Statistical analyses were performed with the 
StatView package version 4.02 (Abacus Concepts, 
CA, USA) on a Macintosh Quadra 650 (Apple 
Computer Inc., CA, USA). Age, weight and height 
are expressed as mean (sD or range), and values were 
compared using repeated measures analysis of 
variance after Dunn’s procedure. The level of analge- 
sia is expressed as median (range), and values were 
compared using the Kruskal-Wallis test after Mann- 
Whitney’s U test. P<0.05 was considered statistically 


significant. 


Table 1 Age, height, weight and cephalad spread of analgesia in 
patients undergoing extradural anaesthesia at the L2~3 interspace 
(mean (sD or range)) or (median [range]). *P < 0.05 vs group I 








Group I Group I Group M 
(n=153) (n=30) (n=23) 
Age (yr) 50 (22-77) 52 (24-75) 54 (25-85) 
Height (cm) 161 (8) 162 (7) 161 (8) 
Weight (kg) 61 (10) 61 G1) 63 (11) 
Cephalad 
spread T6 [T2-T11] Tv* [T4T11] T8* [T2-T12] 





Results 


Age, weight and height did not differ between the 
three groups of patients undergoing extradural 
anaesthesia at the L2—3 or L3—4 interspace (tables 1, 
2). Cephalad spread of analgesia was greater in group 
I than in both groups II and DI, regardless of the 
puncture site (tables 1, 2). There were no differences 
in cephalad spread of analgesia between groups II 
and IU, regardless of the puncture site. Unilateral 
block was not observed in any of the patients exam- 
ined. 

Figure 1 shows typical photographs obtained via 
the extraduroscope in patients with no history of 
prior extradural anaesthesia. The extradural space in 
a 53-yr-old woman was observed as a patent canal 
(fig. 14). The upper part of the canal appeared yellow 
and was identified as the ligamentum flavum. The 
lower part appeared as a white membrane with asso- 
ciated blood vessels and was identified as the dura 
mater. The introduction of the Tuohy needle 
induced bleeding in a 51-yr-old man (fig. 13). The 
connective tissue in a 55-yr-old woman (fig. 1c) was 


Table 2 Age, height, weight and cephalad spread of analgesia in 
patients undergoing extradural anaesthesia at the L3—4 interspace 
(mean (sp or range)) or (median [range]). *P < 0.05 os group I 





Group I Group IT Group HI 

(n=186) (n=52) (n=47) 
Age (yr) 53 (21-84) 57 (28-83) 54 (24-88) 
Height (cm) 163 (7) 161 (7) 162 (7) 
Weight (kg) 61 (10) 62 (9) 64 (10) 
Cephalad 


spread T7 [T2-T11] T8* [T3-T12] Ts* [T4-T12] 
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Figure 2 Photographs of patients with a history of previous extradural anaesthesia. Connective tissue has proliferated and the extradural 
space cannot be identified as a patent canal in a 67-yr-old woman with a history of three prior extradural anaesthesia procedures (a). 
When the endoscope was withdrawn, a channel was observed (B). Adhesions are seen between the dura mater and the ligamentum flavum 
in a 72-yr-old man who had undergone extradural angesthesia 1 month previously (c). Granulation is seen in a 61-yr-old man who 


underwent extradural anaesthesia 3 months previously (D). 


so fragile that the extraduroscope was able to break it 
easily (fig. Ip). 

Figures 2 and 3 show typical photographs in 
patients with a history of previous extradural 
anaesthesia. The connective tissue had proliferated 
and the extradural canal could not be identified 
clearly in a 67-yr-old woman with a history of three 
prior extradural anaesthesia procedures (fig. 2a). The 
contents were a homogeneous fat pad without 
fibrous septation. It was possible to advance the 
extraduroscope through this connective tissue with- 
out resistance. When the extraduroscope was with- 
drawn, a channel produced by the scope was 
observed in the connective tissue (fig. 28). Other 
extraduroscopic findings were as follows: adhesion 
between the dura mater and the ligamentum flavum 
in a 72-yr-old man who had undergone extradural 
anaesthesia 1 month previously (fig. 2c), granulation 
in a 61-yr-old man who had undergone extradural 
anaesthesia 3 months previously (fig. 2D), irregulari- 
ties in the ligamentum flavum in a 68-yr-old man 
who had undergone extradural anaesthesia 1 month 
previously (fig. 3a) and irregular proliferation of con- 
nective tissue and blood vessels in a 64-yr-old man 
who had undergone extradural anaesthesia six times 
within a 3-yr period, the most recent 3 months previ- 
ously (fig. 3B). This proliferation of connective tissue 
was seen to occlude the extradural space. 

We encountered no accidental dural punctures and 
observed no signs of neurological injury in any of our 
patients. 


Discussion 

We have found that cephalad spread of analgesia was 
reduced in patients with a history of prior lumbar 
extradural anaesthesia, and extraduroscopic examin- 


ation revealed significant inflammatory changes 
occluding the extradural space in these patients. 
These inflammatory changes may have affected the 
spread of local anaesthetic within the extradural 
space. Similar findings were observed in patients who 
had undergone only one prior extradural anaesthetic 
procedure, and the spread of analgesia in patients 
who had received extradural anaesthesia only once 
was similar to that in patients who had received 
extradural anaesthesia two or more times. 

Repeated extradural anaesthesia has been reported 
to be unreliable in patients undergoing extracorpor- 
eal shock-wave lithotripsy’. In our study, we con- 
firmed the reduction in cephalad spread of analgesia 
in patients undergoing repeated extradural anaesthe- 
sia. Why does repeat extradural anaesthesia become 
unreliable? We suggest that inflammatory changes in 
the extradural space, resulting from prior extradural 
anaesthesia, may play an important role in limiting 
cephalad spread of analgesia. In this study, the 
inflammatory changes observed included prolifera- 
tion of connective tissue, adhesions between the dura 
mater and the ligamentum flavum, and granulation 
and irregularities in the extradural space. Prolifera- 
tion of connective tissue, whether homogeneous or 
irregular, occluding the extradural space may hinder 
cephalad spread of anaesthetic. Adhesions between 
the dura mater and the ligamentum flavum may also 
interfere with spread. Granulation and irregularities 
in the extradural space may interfere with penetra- 
tion of anaesthetic into the spinal nerve roots because 
the anaesthetic is absorbed through the connective 
tissue. 

It should be noted, however, that this reduction in 
cephalad spread of analgesia was not observed in all 
patients undergoing repeat extradural anaesthesia. 
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Figure 3 Photographs of patients with a history of prior extradural anaesthesia. Irregularities are seen in the ligamentum flavum in a 
68-yr-old man who had undergone extradural anaesthesia 1 month previously (a). Irregular proliferation of connective tissue and blood 
vessels is observed in a 64-yr-old man who underwent extradural anaesthesia six times in a 3-yr period, the most recent 3 months 


previously (8). 


Wide variations in the level of analgesia were seen in 
patients who underwent repeat extradural anaesthe- 
sia, and these variations were similar to those 
encountered in initial extradural anaesthesia. Inflam- 
matory changes, including proliferation of connec- 
tive tissue and adhesions between the dura mater and 
the ligamentum flavum, may play a role in limiting 
cephalad spread of anaesthetic. On the other hand, 
narrowing of the extradural space resulting from 
these inflammatory changes might be expected to 
increase cephalad spread of anaesthetic in repeat 
anaesthesia, as when the same volume of solution is 
injected into a narrower space, it might spread over a 
wider area. This may explain the observation that 
some patients with a history of prior extradural 
anaesthesia were found to have significant cephalad 
spread of analgesia. Therefore, the inflammatory 
changes in the extradural space alone cannot explain 
the variations in spread observed in patients under- 
going repeat extradural anaesthesia. The specific 
findings observed by extraduroscopy may play an 
important role in determining the spread of local 
anaesthetics in extradural anaesthesia. 

The absence of any differences in the spread of 
analgesia between groups H and IN is extremely 
interesting, and suggests that inflammatory changes 
can be induced by a single extradural anaesthesia 
procedure. However, the connective tissue after 
initial extradural anaesthesia differed from that seen 
after repeat anaesthesia. In the former, the connec- 
tive tissue was found to be fragile and elastic, whereas 
in the latter case, it was dense and hard. When the 
extraduroscope was withdrawn, these differences 
were immediately obvious. The connective tissue was 
more easily broken in the former than in the latter. In 
our patients, prior extradural anaesthesia always 
involved introduction of a Tuohy needle and a cath- 
eter, followed by administration of local anaesthetic. 
Inflammatory changes induced by the introduction 
of an extradural catheter have been demonstrated in 
both animals*’ and humans*’. Administration of local 
anaesthetic alone may also cause inflammation®”’. 
In addition, bleeding induced by the introduction of 
the Tuohy needle was observed frequently in 
extraduroscopic examinations. The factors responsi- 
ble for the inflammatory changes in the extradural 
space are unclear. 

In assessing the results of this study, we should also 
consider the fact that the extradural space was 
observed after introducing a small amount of air. The 


extradural space is sometimes described as a 
potential space, rather than a true cavity". The 
introduction of air may therefore have affected our 
extraduroscopic findings, expanding the extradural 
space and stretching the connective tissues. However, 
in our study, all patients received identical extradural 
punctures, and the effects of the air introduced into 
the extradural space should have been similar in all 
cases. Therefore, we believe that this factor had no 
influence on our comparative findings. In addition, 
patients who underwent extraduroscopy were ex- 
cluded from the analysis of spread, because extradu- 
roscopy made channels in the extradural space and 
broke down the adhesions, thereby altering the 
spread of drug in the extradural space. 

The incidence of unilateral block after administra- 
tion of local anaesthetic via a catheter has been 
reported to be higher in repeat block than in initial 
block’. In this study, we observed no unilateral block 
after administration of local anaesthetic via the 
needle. The laterality of the block may occur after 
administration of local anaesthetic via a catheter, 
presumably because of the misplaced catheter into 
the lateral side in the extradural space by aseptic 
inflammatory changes. Further observations are 
required. 

In summary, extradural anaesthesia caused inflam- 
matory changes characterized by proliferation of 
connective tissue, adhesions and granulation, and 
irregularities in the extradural space. These inflam- 
matory changes may affect the distribution of local 
anaesthetic within the extradural space. 
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Acid-base state of cerebrospinal fluid during pregnancy and its effect 


on spread of spinal anaesthesia 


Y. HIRABAYASHI, R. SHIMIZU, K. Sarron, H. FUKUDA AND T. IGARASHI 


Summary 

To assess the possible rəlationship between 
changes in acid-base state of cerebrospinal fluid 
(CSF) and enhanced spread of spinal anaesthe- 
sia during pregnancy, we have measured CSF 
pH, carbon dioxide tension (Pco,) and HCO, val- 
ues in 73 women undergoing spinal anaesthesia 
with hyperbaric amethocaine 8 mg. Patients 
were allocated to one of four groups according 
to gestational period: non-pregnant group 
(n=13), first trimester group (8-13 weeks, n=19), 
second trimester group (14-26 weeks, n=11) and 
third trimester group (27-39 weeks, n=30). The 
pH of the CSF was greater in the second and 
third trimester groups than in the non-pregnant 
group. CSF Fco, decreased by 0.53-0.8 kPa 
throughout pregnancy. CSF HCO, was de- 
creased throughout pregnancy. Overall, no clini- 
cally significant correlation was found between 
maximum cephalad spread of analgesia and CSF 
pH, Fco, or HCO.” . We conclude that pregnancy- 
induced changes in acid—base state of CSF have 
little effect on the spread of spinal anaesthesia, 
although there is a clinically different spread of 
spinal anaesthesia between non-pregnant and 
pregnant states. (Br. J. Anaesth. 1996;77:352- 
355) 


Key words 


Anaesthetic techniques, subarachnoid. Anaesthesia, obstet- 
ric. Acld-base equibrium, pH. Anaesthetics local, ameth- 
ocaine. Cerebrospinal fluid. Pregnancy. 


The spread of regional anaesthesia is reported to be 
enhanced in pregnant compared with non-pregnant 
women’. Mechanical** and hormonal*” changes 
have been implicated as possible factors for 
pregnancy-induced enhancement of regional anaes- 
thesia. In addition, acid-base changes during preg- 
nancy have been suggested to affect spread of extra- 
dural anaesthesia’. 

Cerebrospinal fluid (CSF) is in contact with the 
spinal cord and spinal nerve roots, and changes in 
acid—base state of CSF during pregnancy may there- 
fore affect spread of spinal anaesthesia. Although 
many investigators reported acid—base state of 
arterial blood during pregnancy’*”*, there are few 
studies which have dealt with acid-base state of CSF 
in pregnant women. The purpose of this study was to 
see if changes in acid-base state of CSF correlated 


with enhanced spread of spinal anaesthesia during 
pregnancy. 


Patients and methods 


The study was approved by the Hospital Ethics 
Committee and informed consent was obtained from 
all patients. We studied 13 non-pregnant and 60 
pregnant women. All patients, ASA I-O, had no 
major health problems and no contraindications to 
spinal anaesthesia. Patients were allocated to one of 
four groups according to gestational period: non- 
pregnant group (n=13), first trimester group (8-13 
weeks, n=19), second trimester group (14-26 weeks, 
m=11) and third trimester group (27-39 weeks, 
n=30). Operative procedures included arthroscopic 
operation on the knee (7=13) in the non-pregnant 
group; procedures for cervical incompetency in the 
first (n=19) and second (n=11) trimester groups; and 
procedures for cervical incompetency (m=6) and 
Caesarean section (n=24) in the third trimester 
group. 

None of the patients was-premedicated. Patients 
were placed in the lateral position on a horizontal 
operating table. Under aseptic conditions, lumbar 
puncture was performed at the L3—4 interspace with 
a 25-gauge Quincke needle using a median ap- 
proach. The needle was inserted with its bevel orien- 
tated parallel to the dural fibres and then rotated 90° 
to direct the bevel cephalad. To determine acid—base 
state of CSF, 1 ml of CSF was withdrawn just before 
administration of the drug. CSF pH, carbon dioxide 
tension (Pco,) and HCO, were measured using a 
blood-gas analyser (178 pH/blood gas analyser, Ciba 
Corning Diagnostics, Boston, MA, USA) within 5 
min. Amethocaine 8 mg in 2 ml of 10% glucose was 
given over 40 s. Lumbar puncture and sampling were 
performed by one anaesthetist who was unaware of 
the patient’s group assignment, although he knew the 
type of surgery and abdominal girth. Immediately 
after spinal injection, patients were turned gently to 
the supine horizontal position. No attempt was made 
to influence the level of sensory block by manipulat- 
ing the operating table. Patients undergoing proce- 
dures for cervical incompetency were placed gently 
in the horizontal lithotomy position, 30 min after spi- 
nal injection. Left uterine displacement was applied 
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to parturients undergoing Caesarean section until 
the beginning of the operation. A second anaesthetist 
who was blinded to the CSF data assessed the spread 
of analgesia bilaterally using pinprick at 5, 10, 15, 20, 
30 and 60 min after spinal injection according to a 
dermatomal chart. If the analgesic level differed on 
each side, the average value was used for analysis. In 
22 of the 73 patients, an aliquot of the CSF sample 
was provided for progesterone analysis, which has 
been reported previously”. 

Comparisons between the four groups were made 
by analysis of variance (ANOVA) followed by 
Fisher’s protected least significant difference test for 
parametric data, and Kruskal-Wallis followed by 
Mann-Whitney U test for non-parametric data. Cor- 
relation between indices of acid-base state and maxi- 
mum cephalad spread of analgesia was analysed 
using Spearman’s rank correlation coefficient (p). 
P<0.05 was considered significant. 


Results 


There were no differences in age and height between 
the four groups (table 1). Median gestational age 
indicated that patient characteristics in the first 
trimester group clustered at the end of the range, 
second trimester group at the beginning of the range 
and third trimester group at the end of the range. 
The characteristics of the third trimester patients 
were similar gestationally to term parturients. Maxi- 
mum cephalad spread of analgesia was higher in the 
second and third trimester groups than in the 
non-pregnant group. Times to maximum cephalad 
spread did not differ between the four groups (table 
2). 

CSF pH was greater in the second and third 
trimester groups than in the non-pregnant group 
(table 3). CSF pH did not correlate with maximum 
cephalad spread of analgesia (fig. 1A). CSF Pco, was 
decreased by 0.53-0.8 kPa below non-pregnant 
levels even during the early stages of pregnancy and 
was maintained at this decreased level for the 
remainder of the pregnancy (table 3). CSF Pco, cor- 
related inversely with maximum cephalad spread of 


analgesia (fig. 18). CSF HCO, was decreased ` 


throughout pregnancy (table 3). CSF HCO, corre- 
lated inversely with maximum cephalad spread of 
analgesia (fig.1c). Overall, although there were 
significant differences in the changes in CSF pH, 
Pco, and HCO,, changes in median values and 


Table 1 Patient characteristics (median [range] or mean (sD) 
[range]) in the non-pregnant, first trimester, second trimester 
and third trimester (term) pregnant groups. *P < 0.05 us 
non-pregnant group 


Non- First Second Third 
pregnant trimester trimester trimester 
n 13 19 11 30 
Gestational 
age 
(weeks) 12 [8-13] 16 [1426] 37 [28-39] 
Age (yr) 34 [21-47] 30 [24-39] 29 [20-34] 30 [22-41] 
Height 156 (8) 158 (3) 158 (6) 156 (6) 
(cm) [140-169] [153-162] [148-168] [144-172] 
Weight (kg) 53 (9) 55 (6) 55 (5) 61 (7)* 
[40-75] [44-65] [47-64] [46-73] 
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Table 2 Maximum cephalad spread of analgesia and times from 
spinal injection to maximum spread in the non-pregnant, first 
trimester, second trimester and third trimester (term) pregnant 
groups (median [range] or mean (sD)). *P < 0.05; *** P < 0.001 
vs non-pregnant group 





Non- First Second Third 
pregnant trimester trimester trimester 
Maximum T6 T5 T4* T3.5*** 
cephalad 
spread of 
analgesia [[10-T4] [T11-T2] [17.5-T2] [T5-T2] 
Time to 
maximum 
spread 
(min) 21 (8) 18 (7) 21 (8) 19 (8) 


ranges were such that these were unlikely to be clini- 
cally significant. 


Discussion 


We have shown that CSF Pco, began to decrease 
even in the early stages of pregnancy, and that CSF 
pH was unchanged during the early stages of 
pregnancy and then increased for the remainder of 
the pregnancy. These observations, however, are not 
surprising. Pregnancy induces an increase in minute 
ventilation to approximately 50% above non- 
pregnant levels‘. This increase in minute ventilation, 
beginning early in the first trimester, decreases 
maternal Paco, from 5.33 kPa to approximately 4.0 
kPa’*"* *, Arterial pH, however, remains near normal 
because of increased renal excretion of HCO, 7". 
The decrease in CSF Pco, and HCO, may be a 
direct result of changing Paco, and lower HCO, 
levels in arterial blood. Unlike arterial blood, 
increased CSF pH during the middle and later stages 
of pregnancy, observed in this study, suggests a par- 
tially compensated acid-base change from non- 
pregnant controls. 

Local anaesthetic solution applied to a nerve 
membrane exits in two forms: the non-ionized base 
and the ionized cation”. The Henderson- 
Hasselbalch equation for the equilibrium determines 
the levels of ionized and non-ionized forms. An 
increase in pH increases the amount of local 
anaesthetic in the non-ionized base form, which 
should enhance the rate of diffusion across the nerve 
sheath and nerve membrane, resulting in a more 
rapid onset time of nerve block. In this study, CSF 


Table 3 CSF pH, Pco, and HCO, (median [range]) in the 
non-pregnant, first trimester, second trimester and third 
trimester (term) pregnant groups. *P < 0.05; **P < 0.01; 
***P 0.001 vs non-pregnant group 





Non- First Second Third 
pregnant trimester trimester trimester 
pH 7.30 7.31 7.34* 7.334** 
(7.27— [7.26— (7.28— [7.24— 
7.34] 7.35] 7.42] 7.37] 
Pco, (kPa) 6.30 5.63%** 5.45*** 5.4 7*** 
[5.52- [4.65— [4.81- [4.48— 
7.10] 6.19] 6.20] 7.36] 
HCO, 23.3 21.5** 21.8* 21.5** 
(mmol [19.6- [18.6- {18.6— [17.3— 
litre’) 25.5] 24.1] 23.7] 25.4] 
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Figure 1 Maximum cephalad spread of analgesia vs CSF pH 
(a), Fco, (8) and HCO,” (c). CSF pH did not correlate with 
maximum cephalad spread of analgesia (p=0.19, P=0.1). CSF 
Pco, correlated inversely with maximum cephalad spread of 
analgesia (p=—0.32, P<0.01). CSF HCO,” correlated inversely 
with maximum cephalad spread of analgesia (p=—0.24, P<0.05). 


pH was greater in the second and third trimester 
groups than in the non-pregnant group; maximum 
cephalad spread of analgesia was higher in the former 
than in the latter group. The increase in CSF pH 
may, in part, contribute to the observed enhance- 
ment of analgesia in the middle and late stages of 
pregnancy. However, the spinal cord and spinal nerve 
roots within the dural sac are not covered with 
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sheaths, and thus diffusional delays may have little 
significance on local anaesthetic action when given 
directly into the CSF. In this study, CSF pH did not 
correlate with maximum cephalad spread of analge- 
sia, and times to maximum cephalad spread did not 
differ between groups. To what degree the change in 
CSF pH contributed to the observed enhancement 
of analgesia in the middle and late stages of 
pregnancy could not be determined. 

The presence of carbon dioxide has been reported 
to enhance both rate and potency of local anaesthetic 
action”. This effect is consistent with the ionized 
cationic form of local anaesthetics being the more 
active form. After penetration of the nerve sheath and 
nerve membrane, the non-ionized drug dissociates 
into the non-ionized base and the ionized cation. The 
quantity of each varies with the pH of the axoplasm. 
Carbon dioxide diffuses rapidly across the membrane 
and causes lowering of intracellular pH. A lowered 
pH increases the amount of local anaesthetic in the 
ionized cationic form, which should act as a potent 
blocker of sodium channels. The results of this study, 
however, demonstrated that CSF Pco, correlated 
inversely with maximum cephalad spread of analge- 
sia. The reason for this inverse correlation is unclear. 
We speculate that enhancement caused by factors 
other than carbon dioxide may overshadow the 
effects of carbon dioxide*”. 

A decreased buffering capacity during pregnancy 
has been suggested to explain enhanced extradural 
anaesthesia during the first trimester of pregnancy’. 
The decreased buffering capacity may allow the local 
anaesthetic to remain in a salt form for longer and, 
therefore, stay longer in the area of injection 
(extradural space). In this study, CSF HCO, was 
found to decrease during pregnancy. The degree of 
the decrease, however, was small, and hence local 
anaesthetics injected directly into the CSF might not 
be affected significantly. In addition, in accordance 
with the results of a previous study‘, we failed to 
demonstrate enhancement of spinal anaesthesia dur- 
ing the first trimester. Unlike extradural anaesthesia’, 
spinal anaesthesia during the first trimester may not 
be affected by pregnancy-induced decreases in buff- 
ering capacity. 

In contrast with spinal anaesthesia, alkalinization 
of local anaesthetics has been investigated in 
extradural anaesthesia. The investigators disagree 
about the efficacy of this preparation. Some authors 
reported faster onset and better quality of sensory 
and motor blocks”. Others have failed to show any 
clinical advantages of alkalinization over a plain 
solution”. Additional studies are needed to draw 
definitive conclusions on the onset of extradural 
anaesthesia with pH-adjusted local anaesthetics. 

We showed higher levels of analgesia in pregnant 
women during the second and third trimesters com- 
pared with non-pregnant controls, but did not assess 
the onset of the block. Therefore, we could not draw 
any conclusions on the onset of block during 
pregnancy. However, it is believed that, as a rule, 
onset of spinal anaesthesia is more rapid during 
pregnancy. Pregnancy-induced changes, including 
curvature of the spinal column’, soft-tissue anatomy 
within the spinal canal** and higher progesterone 
concentrations" ”, have been implicated as possible 
factors for the enhancement. 


Acid—base state of CSF in pregnancy 


A limitation of this study was the position of the 
patients examined. This study was performed in 
clinical patients undergoing various types of opera- 
tion, but not in volunteers who can be Kept in a uni- 
form position throughout the observation. Patients 
undergoing procedures for cervical incompetency 
were placed in the horizontal lithotomy position, 
which is thought to decrease the height of spinal 
block”. However, the horizontal lithotomy position 
has been reported to have little effect on the height of 
the block”. In addition, left uterine displacement 
was performed in patients undergoing Caesarean 
section. It could be argued that this manoeuvre might 
alter the spread of the block but the counter 
argument would be that in the interest of neonatal 
well being, the manoeuvre was the best compromise. 
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Nausea and vomiting after cardiac surgery 


C.R. GREBENIK AND C. ALLMAN 


Summary 

We have undertaken a prospective, randomized 
study to determine the incidence of postopera- 
tive nausea and vomiting during intensive care 
stay after cardiac surgery, and to study the effect 
of addition of droperidol to an infusion of 
morphine used for postoperative analgesia. Data 
from 398 patients were examined. The use of 
droperidol reduced complaints of nausea from 
92 of 198 (46.5%) to 46 of 200 (23%) and episodes 
of retching or vomiting from 73 of 198 (36.9%) to 
44 of 200 (22%). The number of patients 
requiring rescue antiemetic medication was also 
reduced significantly from 100 of 198 (50.5%) of 
those who did not receive droperidol to 44 of 200 
(22%) of those given droperidol. Mean duration 
of intubation was 4.9 h and was unaffected by 
the use of droperidol. Droperidol had no effect 
on mean length of stay in the recovery unit. (Br. 
J. Anaesth. 1996;77:356-359) 


Key words 


Vomiting, nausea. Vomiting, nausea, surgical factors. Vomit- 
ing, incidence. Surgery, cardiovascular. 


Nausea and vomiting are common and distressing 
symptoms during recovery from anaesthesia and sur- 
gery. Studies of postoperative nausea and vomiting 
(PONV) have concentrated frequently on women 
undergoing gynaecological procedures and there is 
little information on the incidence or management of 
nausea and vomiting after cardiac surgery. 

The aim of this study was to assess the incidence of 
nausea and vomiting in the first 24 h after cardiac 
surgery, in a unit in which early tracheal extubation is 
usual’. In addition, we wished to ascertain if the 
addition of droperidol to a continuous infusion of 
morphine would reduce nausea and vomiting with- 
out causing excessive sedation and thereby increase 
the duration of tracheal intubation and postoperative 
mechanical ventilation. 


Patients and methods 


After obtaining approval from the hospital Ethics 
Committee, we collected data on 442 patients 
undergoing elective or urgent open heart surgery. 
Premedication with papaveretum or morphine 
(10-20 mg) together with hyoscine 0.2-0.4 mg was 
given im. approximately 1 h before surgery. All 
patients received supplementary oxygen from the 
time of premedication. After insertion of i.v. and 


arterial cannulae, anaesthesia was induced with 
fentanyl 10-15 ug kg’ and etomidate 5-10 mg. Neu- 
romuscular block was produced with pancuronium 
and, after tracheal intubation, anaesthesia was main- 
tained with halothane in oxygen and air until the 
start of cardiopulmonary bypass. Ventilation was 
adjusted to produce normocapnia. Anaesthesia 
during bypass was provided by continuous infusion 
of propofol 6 mg kg’ h” and after bypass by halo- 
thane in oxygen and air. At the end of surgery, neu- 
romuscular block was antagonized with neostigmine 
and glycopyrronium and the patient transferred to 
the cardiac recovery unit (CRU). 

After age and sex stratification, patients were allo- 
cated randomly to one of two groups: group A 
received an infusion of morphine 60 mg in saline 58 
ml to which was added droperidol 10 mg; group B 
received a similar infusion of morphine to which 2 mi 
of normal saline were added. Both patients and 
nurses caring for them were unaware of the nature of 
the additive. 

After reconnection of monitoring cannulae and 
initial stabilization in the CRU, the infusion of mor- 
phine was commenced. Patients with a body weight 
greater than 60 kg received an initial bolus dose of 
morphine 4 mg followed by an initial infusion of 2 
mg h`’, with boluses of 2 mg as indicated. Patients 
weighing less than 60 kg received an initial dose of 2 
mg with an infusion of 1 mg h“ and a bolus of 1 mg. 
The infusion rate was adjusted at the discretion of 
the attending nurse. If analgesia was inadequate 
diclofenac 50-100 mg, by suppository, was given, 
provided there were no contraindications to its use. 
Patients’ lungs were ventilated mechanically until the 
following criteria for a trial of spontaneous respira- 
tion and extubation were met: 

(1) stable cardiovascular system with an adequate 
cardiac output. The need for cardiovascular sup- 
port with inotropic drugs or intra-aortic balloon 
pump was not a contraindication to extubation 
provided that haemodynamic state was stable or 
improving; 

(2) core temperature > 36 °C; 

(3) adequate gas exchange with Pao, >10 kPa with 
Fio, of 50% or less; and 

(4) no excessive mediastinal bleeding. 

The trachea was extubated if the patient was rous- 
able and breathing was clinically adequate, with a 
ventilatory frequency <30 bpm and oxygen satura- 
tion >90% with Fio,<0.6. Mild hypercapnia (Pco, 


C.R. GrREBENIK, FFARCS, C. ALLMAN, RN, Oxford Heart 
Centre, John Radcliffe Hospital, Oxford OX3 9DU. 
Accepted for publication: April 24, 1996. 


Vomiting after cardiac surgery 


up to 7.5 kPa) was not a contraindication to extuba- 
tion. After tracheal extubation patients were seated 
upright and allowed to breathe oxygen-enriched air. 

If the patient did not meet the criteria for tracheal 
extubation and required sedation to tolerate intuba- 
tion and ventilation, an infusion of propofol 1—4 mg 
kg? h’ was commenced until another trial of sponta- 
neous breathing was performed at the discretion of 
the nursing staff. 

Data collected included patient age, sex, height, 
weight and operation. When patients were awake, the 
presence of nausea was ascertained by hourly 
questioning. Retching or vomiting and need for other 
antiemetics were noted. As retching is similar to 
vomiting in all aspects except the production of 
vomitus, we elected to examine both retching and 
vomiting together. A “vomiter” was thus any patient 
who had at least one episode of retching or vomiting. 
Rescue medication of metoclopramide 10 mg, by 
slow i.v. injection, was prescribed for all patients and 
given as required by the nurse caring for the patient. 
Observations were continued until patients were dis- 
charged to the ward on the following day. Duration of 
intubation, total cumulative dose of morphine 
administered in the recovery unit, and duration of 
stay within the recovery area were also noted. 

Data were analysed using an unpaired ¢ test for 
patient data and chi-square analysis for comparison 
of events between groups. P<0.05 was considered 


significant. 


Results 


Complete data were collected for 398 patients. Data 
were discarded from 21 patients who had a second 
anaesthetic for repeat sternotomy or died in the 
recovery unit, or whose trachea remained intubated 
for the whole of the first 24 h, and from 20 patients 
for whom data were incomplete. Data from three 
other patients who were receiving dialysis for chronic 
renal failure were also discarded. Age, body weight 
and sex distribution are shown in table 1. There were 
no significant differences between the two groups. 
Operative details are shown in table 2 and were simi- 
lar for the two groups. 

Mean stay in the CRU and therefore number of 
hours recorded was 21.9 h and was not significantly 
different between the two groups. Mean morphine 
consumption during this time was 29 (sp 11.3) mg, 
with maximum consumption of 60 mg and minimum 
consumption of 6 mg. There was no correlation 
between body mass index (weight (kg)/height (m)’ ) 
and morphine consumption, or between age and 
morphine consumption. Mean duration of intuba- 
tion was 4.9 (4.3) h and was not significantly differ- 
ent between the two groups (table 3). 


Table 1 Patient characteristics (mean (range) or number) 





Group A (morphine Group B 





+ droperidol) (morphine + 
(n= 200) saline) (n= 198) 
Age (yr) 62.2 (41-85) 62.3 (30-87) 
Age of males (yr) 61.7 62.3 
Age of females (yr) 63.7 62.4 
Sex (M:F) 151:49 139:59 
` Body weight (kg) 76.9 75.3 
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Table 2 Details of operations. CAG = Coronary artery graft, 
AVR = aortic valve replacement 


Group A (morphine Group B 


+ droperidol) (morphine + 
Operation (n = 200) saline) (n = 198) 
CAG or repeat CAG 144 137 
AVR/AVR repeat 25 23 
Other valve 15 15 
Valve + CAG 9 11 
Other 7 12 


Table 3 Postoperative details (mean (sp) or number) 


Group A (morphine Group B 


+ droperidol) (morphine + 
(n = 200) saline) (n = 198) 
Duration of 
intubation (h) 4.8 (4.4) 4.9 (4.3) 
Length of stay in 
- recovery unit (h) 21.9 (3.0) 21.8 (4.0) 
Total morphine 
consumption (mg) 28.6 (11.3) 29.4 (11.4) 
No. of patients 
suffering episodes 
of nausea 46 92 
No. of patients with 
retching or 
vomiting 37 73 
No. of patients 
requiring rescue 
medication 44 100 








Table 4 Effect of sex on the incidence of postoperative nausea 
and vomiting 





Females 
Males (n = 290) (n= 108) 
No. affected by nausea 84 (29%) 54 (50%) 
No. affected by retching 
or vomiting 66 (23%) 44 (41%) 


Table 5 Effect of age on the incidence of postoperative nausea 
and vomiting 





51-60 61-70 71-80 81-90 
(n=3) (n=34) (n=114) (n=150) (n=91) (n=6) 








No. of patients 


with nausea 3 14 38 50 32 1 

(%) (100) (41) 63 63 65 (17) 
No. of patients 

with retching 

or vomiting 2 12 29 41 26 0 

(%) (67) 65 25 2D @9) (©) 








There were highly significant differences in the 
incidence of PONV between the two groups. 
Addition of droperidol! to infusion of morphine was 
associated with a reduction in complaints of nausea 
from 92 of 198 (46.5%) to 46 of 200 (23%) and in 
episodes of retching or vomiting from 73 of 198 
(36.9%) to 44 of 200 (22%). The number of patients 
requiring rescue medication was also significantly 
reduced from 100 of 198 (50.5%) of those not 
receiving droperidol to 44 of 200 (22%) of those 
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given droperidol (table 3). There was no correlation 
between body mass index and propensity for nausea 
or vomiting. 

When data were examined to investigate the influ- 
ence of sex on nausea and vomiting, it became 
apparent that women were significantly more likely 
than men to suffer nausea, retching and vomiting 
(table 4). Although droperidol was effective in 
significantly decreasing retching and vomiting in 
women, it did not significantly reduce the incidence 
of nausea. This last observation may be related to the 
relatively small number of women in the sample, 
reducing the power of the measurement. 

Data were also examined to assess the effect of age 
on PONV (table 5). There was a statistically signifi- 
cant reduction in the incidence of PONV in patients 
more than 80 yr of age. 


Discussion 


It is important to minimize vomiting and retching 
after surgery to avoid potential cardiovascular 
complications and to improve patient comfort and 
assist in rapid recovery. The latter is of particular 
importance with increasing financial pressure and 
the drive to reduce inpatient stay’. While there was 
no significant difference in the length of stay in the 
CRU between vomiters and non-vomiters, this is not 
surprising as PONV is unlikely to be a problem 
requiring an increase in the length of high depend- 
ency nursing. 

Until about 6 yr ago it was our standard practice to 
sedate patients after cardiac surgery and to ventilate 
the lungs for a period of 12-16 h after operation. 
Nausea and vomiting were not perceived as particu- 
lar problems with this regimen, and it is possible that 
a lengthy period of sedation and artificial ventilation 
reduced the incidence of postoperative emesis. More 
recently, we have tended to extubate the trachea 
much earlier after surgery’ and have become increas- 
ingly aware of the problem of PONV. Our study has 
shown that using a moderate dose of fentanyl, and 
extubating the trachea within the first 6-8 h after 
cardiac surgery, the incidence of nausea was approxi- 
mately 37% and that of postoperative retching or 
vomiting approximately 47%, despite the use of hyo- 
scine as premedication. The overall incidence of 
nausea and vomiting was therefore of a similar order 
to that after other types of major surgery‘. 

In common with Myles and colleagues’, we have 
found that many of our patients are unable to use 
patient-controlled analgesia effectively in the first 24 
h after cardiac surgery, and we therefore rely on a 
nurse-controlled regimen for the early postoperative 
period. Addition of droperidol to infusion of 
morphine reduced significantly the incidence of nau- 
sea and approximately halved the incidence of retch- 
ing and vomiting. While it has been argued that pro- 
phylactic administration of antiemetics is 
unjustified’, in view of the high incidence of PONV 
and its potential deleterious effects after cardiac sur- 
gery, the prophylactic use of droperidol has now 
become part of our standard practice. 

Droperidol is a neuroleptic agent with potent 
dopamine receptor antagonist properties and is an 
effective antiemetic in a variety of doses. Bolus doses 
are contraindicated after cardiac surgery as its a 
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blocking actions may cause hypotension. Low doses 
of droperidol have been shown to effectively reduce 
the incidence of postoperative nausea and vomiting 
when mixed with morphine and used for patient- 
controlled analgesia’® and it has been suggested as 
the agent of choice for prophylaxis’. Newer 5-HT, 
antagonist drugs have not been shown to be 
significantly more effective" and are considerably 
more expensive. 

Droperidol has a long duration of action and is 
associated with sedation and extrapyramidal reac- 
tions. When used in combination with morphine for 
patient-controlled analgesia, addition of droperidol 
appears to cause significantly greater sedation””, 
although in single low doses it has been shown to 
have no effect on recovery time’. We were concerned 
that routine use of droperidol might prolong the 
duration of intubation after cardiac surgery. Al- 
though we did not measure sedation scores, we found 
that the use of droperidol had no effect on duration 
of postoperative intubation, nor did it prolong patient 
stay in the CRU. The mean dose of droperidol was 
approximately 5 mg during a mean stay of 21.9 h, 
that is approximately 0.23 mg h”. While we would 
not dispute that there may have been some increase 
in sedation which was not measured, the sedative 
effects were not clinically important. 

In common with most other studies of vomiting, 
we found that both nausea and vomiting were associ- 
ated significantly with female sex. Lerman” has sug- 
gested that the incidence of PONV is approximately 
2-3 times greater in women than in men. In this 
study, PONV appeared to be about 1.5-2 times more 
common in women. 

When the effect of age on the incidence of nausea 
and vomiting was examined, although the number of 
patients aged more than 80 yr was small, octogenar- 
ians suffered significantly less PONV than younger 
patients. At the lower end of the age range there were 
only three patients aged less than 40 yr but all three 
suffered nausea and two vomited. Thus it appears 
that age does have some effect on the propensity for 
PONV after heart surgery. 

While obesity has been reported to increase 
PONV‘, in contrast with other studies”, we did not 
show any correlation between body mass index and 
nausea and vomiting. 

In summary, we found that the incidence of PONV 
after cardiac surgery was similar to that after other 
major surgical procedures. We also observed that the 
addition of droperidol to a continuous infusion of 
morphine significantly reduced the incidence of nau- 
sea and vomiting after cardiac surgery without 
prolonging the duration of intubation or postopera- 
tive intensive care stay. 
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Cardiopulmonary bypass-induced changes in plasma concentrations 
of propofol and in auditory evoked potentialst 


E. HAMMAREN, A. YLI-HANKALA, P. H. ROSENBERG AND M. HYNYNEN 


Summary 


Unbound, rather than total, plasma concentra- 
tions may be related to the anaesthetic action of 
propofol. Therefore, we measured plasma con- 
centrations of propofol and recorded Nb wave 
latencies of auditory evoked potentials (AEP) 
during continuous infusion of propofol in 15 
patients undergoing coronary artery bypass 
grafting (CABG) surgery. After induction of 
anaesthesia with fentanyl, propofol was infused 
continuously at a rate of 10 mg kg" h" for 20 min, 
and then the rate was reduced to 3 mg kg“ h”. 
Administration of heparin before cardiopulmo- 
nary bypass (CPB) did not affect total or 
unbound propofol concentration. Initiation of 
CPB decreased mean total propofol concentra- 
tion from 2.6 to 1.7 wg mi" (P<0.01). Simultane- 
ously, mean unbound propofol concentration 
remained at 0.06 ug ml” because of a slight 
increase in the mean free fraction of plasma pro- 
pofol (from 2.3 to 3.5%; P>0.05). During hypo- 
thermic CPB, mean total propofol concentration 
increased to concentrations measured before 
bypass (to 2.1 ug ml"; P>0.05 vs value before 
CPB) and the mean unbound propofol concen- 
tration was at its highest (0.07 ug ml”; P<0.05 vs 
value before heparin). After CPB and administra- 
tion of protamine, the mean total propofol 
concentration remained lowered (1.7 ug ml"; 
P<0.05 vs value before heparin) and the mean 
unbound propofol concentration returned to the 
level measured before heparin (P<0.001 vs value 
during hypothermia). The latency of the Nb 
wave from recordings of AEP increased after 
induction of anaesthesia, reached its maximum 
during hypothermia and was prolonged during 
the subsequent phases of the study. The latency 
of the Nb wave did not correlate with total or 
unbound propofol concentration. We conclude 
that the changes in total and unbound concen- 
trations of plasma propofol were not parallel in 
patients undergoing CABG. During CPB or at any 
other time during the CABG procedure, the 
unbound propofol concentration did not de- 
crease and Nb wave latency was prolonged 
compared with baseline values measured after 
induction of anaesthesia before the start of CPB. 
(Br. J. Anaesth. 1996;77:360-364) 
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Mean total propofol concentrations of greater than 
1 pg mI" in whole blood’ and plasma’ in conjunction 
with administration of opioids, have been reported to 
be associated with sufficient depth of anaesthesia to 
prevent recall of awareness in cardiac surgical 
patients. The measured total drug concentration may 
not represent adequate drug action in all circum- 
stances and it may be important to consider also the 
unbound drug concentration, especially with drugs 
that are bound to plasma proteins to a high degree’, 
such as propofol, with a bound fraction of 97-98% in 
healthy subjects*. It would be important to determine 
unbound plasma drug concentration in patients 
undergoing cardiac surgery with cardiopulmonary 
bypass (CPB), because in these patients there are 
several factors that may affect plasma concentrations 
and protein binding of drugs’*’. In this study, there- 
fore, unbound and total plasma concentrations of 
propofol were measured during cardiac surgery in 
patients receiving a continuous infusion of propofol 
as a supplement to fentanyl-based anaesthesia. We 
recorded also auditory evoked potentials (AEP) and 
measured the latency of the Nb wave’ as a possible 
indicator of anaesthetic depth, at the same times as 
propofol concentrations. 


Patients and methods 


The study was approved by the local Ethics 
Committee and informed consent was obtained from 
each patient. We studied 19 patients undergoing 
elective coronary artery bypass grafting (CABG) 
surgery. All patients had a preoperative left ventricu- 
lar ejection fraction >40%. After initial inclusion, one 
patient was excluded because of hypotension and 
difficulty in weaning from extracorporeal circulation 
and three patients because of technical problems in 
the measurement of auditory evoked potentials. 
Thus 15 patients completed the study, but three were 
excluded from the AEP analyses because of electri- 
cally contaminated measurements or difficulties in 
identifying the Nb wave adequately at some times. 
The characteristics of the 15 patients are given in 
table 1. On the morning of operation, patients 
received their regular doses of B adrenergic blockers, 
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calcium channel blockers and long-acting nitrates. 
Two hours before arrival in the operating theatre, 
patients were premedicated with lorazepam 60 pg kg” 
orally, approximated downwards to the nearest milli- 
gram. 

Anaesthesia was induced with fentanyl 30 pg kg” 
and diazepam 0.1 mg kg" and thereafter an infusion 
of fentanyl was started at a rate of 0.2 ug kg’ min”. 
Neuromuscular block was produced with pancuro- 
nium 0.1 mg kg”. After induction of anaesthesia, the 
trachea was intubated and the lungs ventilated 
mechanically with a mixture of oxygen and air (Fio, 
0.50). After induction of anaesthesia, a continuous 
infusion of propofol 10 mg kg" h’ was given for 20 
min and thereafter the infusion rate was reduced to 3 
mg kg’ h’ which was continued until the end of the 
study (5 min after administration of protamine). The 
infusion rates of propofol were chosen according to 
previous studies in patients undergoing cardiac 
surgery with opioid-based anaesthesia’. Ephedrine 
and nitroglycerin were given before and after CPB in 
increments of 5 mg and 100-200 ug, respectively, to 
maintain systolic arterial pressure at 80-150 mm Hg. 
The degree of neuromuscular block was estimated 
visually according to the train-of-four principle, 
using 2 Hz supramaximal stimulation of the ulnar 
nerve. Incremental doses of pancuronium (1-2 mg) 
were given to maintain block within 90-95%. 
Normocapnia was maintained by monitoring end- 
tidal carbon dioxide concentration continuously and 
by measuring arterial Pco, intermittently. During 
CPB, the lungs were ventilated to ambient air. 

For CPB, we used non-pulsatile pump flow, mem- 
brane oxygenation, moderate hypothermia (naso- 
pharyngeal temperature 30°C) and isovolaemic 
haemodilution. Myocardial protection during aortic 
cross-clamping was achieved with cold, crystalloid 
potassium cardioplegia solution (Plegisol, Abbott, 
North Chigago, IL, USA) given anterogradely and 
intermittently. Systemic anticoagulation was pro- 
duced with an initial dose of heparin 300 u. kg” and 
with subsequent additional doses of heparin to main- 
tain blood activated clotting time (ACT) >480 s. 
During the cooling and rewarming phases of CPB, 
pump flow was 2.4 litre min’ m° and during the 
hypothermic phase 1.8 litre min’ m°. After CPB, 
heparin anticoagulation was neutralized with pro- 
tamine sulphate 3 mg kg’. 

Blood samples for measurement of plasma propo- 
fol and serum albumin concentrations and blood 


Table 1 Characteristics of the 15 patients (mean (range or 95% 
confidence interval) or number of patient) 





Age (yr) 60 (range 43-70) 
Weight (kg) 83 (75-91) 
Height (cm) 171 (167-176) 
Ejection fraction of left 55 (49-61) 
ventricle (%) 
Sex (M/F) 13/2 
Preoperative medication 
Long-acting nitrates 13 
Calcium channel blockers 6 
B adrenergic blockers 14 
Aortic cross-clamp time (min) 64 (54-76) 
Cardiopulmonary bypass time 95 (81-110) 
(min) 
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packed cell volume (PCV) were obtained from the 
radial artery into prechilled heparinized tubes at the 
following times: (1) after induction of anaesthesia 
before administration of heparin, when propofol had 
been infused for a mean time of 57 (95% confidence 
interval 48-66) min; (2) 5 min after administration 
of the initial dose of heparin before the start of CPB; 
(3) 1 min after the start of CPB; (4) during 
hypothermic CPB when nasopharyngeal tempera- 
ture had stabilized to 30 °C; (5) after CPB before 
administration of protamine; and (6) 5 min after 
administration of protamine. The samples were cen- 
trifuged within 20 min at +4 °C at 3000 rpm for 10 
min and plasma was stored at —70 °C until assayed. 
The unbound fraction of plasma propofol was sepa- 
rated by equilibrium dialysis at 37 °C, as described 
by Teh and colleagues’. The dialysis membrane was 
Spectra/Por, with a molecular weight cut-off of 
12 000-14 000 (Spectrum Medical Industries, Inc. 
Houston, TX, USA). After dialysis, both plasma and 
buffer fractions were analysed separately for propofol 
concentration’. The detection limit was approxi- 
mately 3 ng ml". The within-day coefficient of varia- 
tion of the assay of relevant concentrations was 6% or 
less. The unbound fraction of propofol was calcu- 
lated as the ratio of unbound to total propofol 
concentration. 


AUDITORY EVOKED POTENTIALS 


We used the Neuropack Four Mini (Nihon Kohden, 
Japan) evoked potential device for acoustic stimula- 
tion and recording of evoked potentials. Rarefaction 
clicks of 0.1 ms and 90 dB above the normal hearing 
level were presented monaurally to the patient’s ear 
via headphones at a rate of 7.0 Hz. For recording, 
silver—-silver chloride cup electrodes were positioned 
at the Fz point (frontal lead) and contralateral ear 
lobe with an extracephalic ground. Inter-electrode 
impedances were maintained less than 5.0 kQ and 
the amplification bandpass was set at 20-1000 Hz. 
Evoked potential latencies of Nb waves were 
measured offline, after randomization, by one of the 
authors (A. Y.-H.) blinded to the measurement times. 
The auditory responses (two averages of 500 epochs) 
were recorded before induction of anaesthesia and 
also at the same six times as the samples for 
measurement of propofol concentrations (see above). 
To exclude any impairment in hearing function, con- 
ventional air conduction audiometry at frequencies 
of 0.25-8 kHz was performed on the day before 
operation. 


OTHER MEASUREMENTS 


Heart rate, mean arterial pressure (MAP) and other 
clinical signs of depth of anaesthesia (movement, 
sweating, tearing), and nasopharyngeal and rectal 
temperatures were measured at the same times as the 
AEP recordings. All patients were interviewed after 
operation for evaluation of intraoperative awareness 
and recall of intraoperative events. 


STATISTICAL ANALYSIS 


Analysis of variance for repeated measures was used 
to detect significant changes in the variables over 
time. Analysis of covariance for repeated measures 
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was used to define the relationship between total or 
unbound propofol concentrations in plasma and 
auditory evoked latencies and the relationship 
between the ratio of bound to unbound propofol 
concentration in plasma to blood PCV or serum 
albumin concentration. For subsequent multiple 
comparisons, Tukey’s method was used”. P<0.05 
was considered statistically significant. Results are 
expressed as mean (95% confidence intervals or 
range). 


Results 


EFFECT OF HEPARIN 

Administration of heparin did not change the total 
plasma concentration of propofol (table 2). Simulta- 
neously, because the mean unbound fraction of pro- 
pofol increased by 53%, the mean unbound propofol 
concentration increased by 64%. However, these 
increases were not significant. 


EFFECT OF CPB 


Initiation of CPB decreased the total concentration 
of propofol (P<0.01 vs value after heparin) (table 2). 
Concomitantly, because the unbound fraction of 
propofol tended to increase, the unbound propofol 
concentration did not change. Compared with the 
value before heparin, the unbound fraction of propo- 
fol was significantly (P<0.01) increased 1 min after 
the start of CPB. During hypothermic CPB, the 
mean values of unbound propofol concentration and 
the unbound fraction of propofol were at their high- 
est (P<0.05 and P<0.01, respectively, compared with 
values before heparin). 


POST-CPB PHASE 


After CPB, both before and after administration of 
protamine, total propofol concentration was lower 
than values before CPB (P<0.05 ws value before 
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heparin and P<0.01 vs value after heparin) (table 2). 
Administration of protamine had no significant effect 
on either total or unbound propofol concentration. 
However, after administration of protamine the 
unbound propofol concentration was at its lowest 
(P<0.001 compared with value during hypothermic 
CPB). After administration of protamine, the un- 
bound fraction had returned to baseline values, that 
is to the level observed before administration of 
heparin, and the unbound fraction was significantly 
(P<0.01) lower compared with the value during 
hypothermic CPB. 


BLOOD PACKED CELL VOLUME AND SERUM ALBUMIN 


Blood PCV and serum albumin concentration were 
unchanged during the period before bypass. After 
commencement of CPB, the values of these variables 
decreased significantly (P<0.001) and remained 
decreased during CPB. After CPB and administra- 
tion of protamine, PCV and serum albumin concen- 
tration increased (P<0.01 and P<0.05, respectively) 
from values measured during hypothermic CPB, but 
they remained lower (P<0.001) than those observed 
before CPB (table 2). The ratio of bound to unbound 
propofol concentration was not related significantly 
to serum albumin concentration (P=0.62) or PCV 
(P=0.23). 


NB WAVE OF THE AUDITORY EVOKED POTENTIALS 


Induction of anaesthesia increased the latency of the 
Nb wave (P<0.001) and thereafter it remained 
prolonged until the end of the study (table 2). During 
the hypothermic phase of CPB, the latency of the Nb 
wave was increased compared with the value before 
the start of CPB (P<0.05). After CPB, the latency of 
the Nb wave shortened to the level measured before 
the start of CPB. The latency of the Nb wave was not 
significantly related to the total or unbound propofol 
concentration. 


Table 2 Plasma total and unbound propofol concentration, unbound fraction of propofol-packed cell volume (PCV), serum albumin 
concentration and latency of the Nb wave from the AEP (mean (95% confidence interval)). n=15 patents, unless otherwise indicated 
('n=14 , *n=12)). NA = not available. *P < 0.05 vs value awake; + P < 0.05 vs value before heparin; P < 0.05 ws value before CPB; 


§P < 0.05 vs hypothermic CPB 
After heparin, 
Awake Before heparin before CPB 

Time from 87 (79-95) 96 (87-105) 
awake 
sample 
(min) 

Total propofol NA 2.4 (2.1-2.7) 2.6 (2.3-2.8) 
(ug ml") 

Unbound NA 0.04 0.06 
propofol (0.03-0.04) (0.040.07) 
(g ml’) 

Plasma NA 1.5 (1.11.9) 2.3 (1.7-2.9) 
unbound g 
fraction (%) 

Blood PCV NA 0.37 0.37 

(0.35-0.39) (0.34-0.39) 

Serum albumin NA 36 (34-38) 37 (35-39) 
(g litre”)’ 

Latency of Nb 41 (33-48) 71 (67-74)* 67 (62~71)* 


wave (ms)? 





During After CPB, 
During CPB hypothermic before After 
(1 min) CPB protamine protamine 


113 (104-121) 


142 (131-153) 


210 (194-225) 


228 (211-244) 


1.7 (1.5-2.0)}} 2.1 (1.7-2.4) 1.7 (1.4-2.0)t} 1.7 (1.5-2.0)t4 
0.06 0.07 0.04 0.02 
(0.040.07) (0.040.10)+  (0.030.05) (0.020.03)4§ 
3.5 (25-4.5)t 3.7(2.3-5.1)¢ 2.6 (1.9-3.3) 1.5 (1.2-1.7)§ 
0.25 0.25 0.28 0.29 
(0.23-0.27)¢¢ (0.24-0.27)t$ (0.26-0.30)tt  (0.28-0.30) 145 
22 (19-24)t¢ 21 (18-23)ł} 24 (22-26)TE§ 25 (24-2705 
73 (68-77)* 79 (73-85)* 66 (65-68)*§ 70 (65-76)* 
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Table 3 Heart rate, mean arterial pressure (MAP), sweating, tearing, and nasopharyngeal (7naso) and rectal (Trect) temperatures (mean 
or number of patients (95% confidence interval). n=15 patients, unless otherwise indicated (‘7=9, six patients were excluded because of 


the need for artificial pacing after CPB)). NA=not available 


























During After CPB, 
After heparin, During CPB hypothermic before After 
Awake Before heparin before CPB (1 min) CPB protamine protamine 
Heart rate 61 (56-66) 62 (56-67) 65 (59-71) NA NA 95 (89-101) 94 (84-104) 
(beat min‘) 
MAP 91 (88-94) 79 (71-86) 79 (68-90) 67 (56-78) 63 (52-73) 61 (58-64) 72 (66-78) 
(mm Hg) 
Sweating 0 2 2 0 0 0 0 
Tearing 0 0 0 0 0 0 0 
Tnaso (°C) NA 35.2 35.2 34.0 30.1 37.5 36.4 
: (35.0-35.5) (35.0—35.4) (33.9-34.3) (30.0-30.2) (37.2-37.8) (36.1-36.8) 
Trect (°C) NA 35.8 35.8 35.1 32.4 36.4 36.5 
(35.6-36.0) (35.6-36.0) (34.8-35.4) (31.9-32.9)-  (36.1-36.7) (36.2-36.8) 


OTHER CLINICAL SIGNS 


Data for other clinical signs are given in table 3. 
Before the start of CPB during surgery, two patients 
were sweating slightly (skin on the forehead moist, no 
visible beads of perspiration). Movement or tearing 
was not detected in any patient. Two patients needed 
increments of nitroglycerin because of hypertension 
before CPB. There was no recall of conscious aware- 
ness of intraoperative events reported by any patient. 


Discussion 


We have observed that the changes in plasma total 
and unbound propofol concentrations were not par- 
allel during cardiac surgery. The most prominent dif- 
ferences in the changes were observed during CPB. 
The decrease in total propofol concentration with 
initiation of CPB was probably mainly a result of the 
haemodiluting effect of the priming solution in the 
extracorporeal circuit. Binding of propofol to the 
extracorporeal circuit may be an additional factor in 
decreasing plasma concentration of propofol in 
patients undergoing CPB’. Decrease in total drug 
concentration with initiation of CPB has been 
demonstrated previously with various drugs’*", 
including propofol’’. In spite of the decrease in total 
propofol concentration, we did not notice any 
decrease in the unbound propofol concentration 
when CPB was started because the free fraction of 
plasma propofol increased. Russell and co-workers’ 
also observed a significant increase in the free 
fraction of plasma propofol concentration caused by 
CPB, but they did not report the unbound 
concentrations. During the later phase of CPB at 
30 °C, total propofol concentration increased to pre- 
bypass values from values measured immediately 
after commencement of CPB and unbound propofol 
concentration was at its highest. These increases in 
propofol concentration may have resulted from 
decreases in volume of distribution and clearance of 
propofol during hypothermia’. Russell and co- 
workers’ also described an “upward trend” in total 
propofol concentration during hypothermic CPB. 
Administration of heparin tended to increase the 
free fraction of propofol in plasma and a reversed 
change was observed after protamine. Although the 
changes observed in this study were not significant, 
heparin and subsequent neutralization with pro- 
tamine have been reported to affect significantly the 





unbound fraction of various other drugs in cardiac 
surgery patients’ ''? . Heparin activates lipoprotein 
lipase to hydrolyse plasma triglycerides into non- 
esterified fatty acids’. These compounds competi- 
tively inhibit the binding of various drugs to plasma 
proteins and may be attributed to the increase in the 
unbound fraction of the drug. 

It has been suggested that the depth of anaesthesia 
can be measured with AEP during anaesthesia with 
various anaesthetic agents®'*"*, We chose to measure, 
among all the AEP variables, the latency of the Nb 
wave, which may be one of the most reliable variables 
to indicate the adequacy of anaesthesia, that is loss of 
consciousness“ *. In this study, the means of the 
latencies of the Nb wave at different recording times 
during anaesthesia were significantly prolonged 
compared with the latency while awake, suggesting 
an adequate level of anaesthesia. Accordingly, there 
was no recall of conscious awareness of intraopera- 
tive events reported by any patient. The deepest level 
of anaesthesia probably occurred during hypother- 
mic CPB; at this stage Nb latency was longest and 
the unbound propofol concentration greatest. How- 
ever, we found no correlation between the latency of 
Nb wave and total or unbound propofol concentra- 
tion. This was probably because of simultaneous 
infusion of fentanyl and to some extent other 
confounding factors during cardiac surgery, such as 
hypothermia during CPB”, altered cerebral blood 
flow during CPB and changes in surgical stimula- 
tion. 
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On-line estimation of left ventricular stroke volume using 
transoesophageal echocardiography and acoustic quantification 


C.-A. GREIM, N. ROEWER, G. LAUX AND J. SCHULTE AM ESCH 


Summary 

We have examined the usefulness of trans- 
oesophageal echocardiography (TOE) and auto- 
mated endocardium detection for on-line calcu- 
lation of left ventricular stroke volume. In 12 of 
15 patients undergoing abdominal surgery, 
stroke volume was derived continuously from 
the multiple discs (MD) and area-length (AL) 
methods and compared with stroke volume cal- 
culated by thermodilution. In 10 patients (80%), 
more than three manipulations of the ultrasound 
transducer were required before measurements. 
Linear regression analysis of automated TOE 
methods and thermodilution revealed weak cor- 
relations (r<0.75) for stroke volume (114 
matched pairs) and its changes (105 matched 
pairs), Correlation of percentage changes in 
stroke volume calculated by thermodilution with 
those derived from MD (r=0.85) and AL (r=0.79) 
was better. Changes in MD (AL) derived stroke 
volume by more than 20% identified changes in 
thermodilution-derived stroke volume greater 
than 20% (n=57) with a sensitivity of 74% (70%) 
and a specificity of 82% (79%). Signal instability, 
lack of accuracy and only a moderate trend 
capability currently limit the intraoperative use- 
fulness of automated TOE techniques for con- 
tinuous estimation of stroke volume from a 
single long-axis plane. (Br. J. Anaesth. 
1996;77:365-369) 
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Echocardiographic automated border detection 
(ABD), which is based on the acoustic quantification 
of ultrasonic back scatter signals’, has recently been 
added to the intraoperative assessment of left 
ventricular (LV) function’*. ABD algorithms have 
been devised to derive real-time LV volumes from 
single-plane long-axis views on a beat-to-beat basis. 
This technique uses previously established area— 
length (AL) or multiple disc (MD) formulae** and 
provides the user with digitized information on end- 
diastolic and end-systolic LV volume. Few transtho- 
racic studies have investigated the potential of ABD 
methods for rapid on-line calculation of LV stroke 
volume’’®, This study was designed to assess the 
capability of ABD techniques for transoesophageal 


(TOE) monitoring of LV stroke volume during pro- 
longed surgical procedures. 


Patients and methods 


After obtaining approval from the local Ethics 
Committee, we studied 15 consenting patients (aged 
37-62 yr) undergoing prolonged major abdominal 
surgery. Measurement of cardiac output by ther- 
modilution using a pulmonary artery catheter (7.5 F, 
Baxter Healthcare Corp., Irvine, CA, USA) was part 
of the routine anaesthetic management. All observa- 
tions were made with the heart in sinus rhythm. 
After induction of anaesthesia and tracheal intuba- 
tion, a 5-MHz multiplane ultrasound transducer 
connected to an imaging system with an endocardial 
edge detection algorithm (Sonos 1500, Hewlett 
Packard, Andover, MA, USA) was introduced into 
the oesophagus. After a routine echocardiographic 
examination, the probe was positioned at the 
midoesophageal level and the transducer crystals 
rotated electronically (40-80°) until the two- 
chamber view with the longest LV axis was seen 
without imaging the LV outflow tract. This image 
was stored as cine loop for later reference. ABD was 
activated, and transmission, time-gain compensation 
and lateral gain control adjusted to obtain optimal 
back scatter imaging of the endocardium. Gain 
settings were maintained unchanged throughout the 
study. After limiting the region of interest, LV 
volumes at end-diastole and end-systole were calcu- 
lated continuously and displayed (fig. 1) by a proto- 
type software package integrated into the ultrasound 
system. The transducer was fixed at the operating 
table and its position corrected before each 
measurement of cardiac output when required to 
regain the reference two-chamber view. Studies were 
eliminated from analysis when ABD failed to detect 
more than 75% of the endocardial edge, compared 
visually with the standard two-dimensional image, or 
when regional wall motion abnormalities were 
detected. Real-time volumes were estimated from 
this view by two algorithms activated independently 
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(fig. 1). The method of discs (MD), a modification of 
Simpson’s rule, allowed automated volume calcula- 
tion from 20 equally spaced discs. The second was 
the area—length (AL) formula. MD and AL derived 
stroke volumes were calculated off-line as the differ- 
ence between end-diastolic and end-systolic LV 
volume. 

Measurements of cardiac output by thermodilu- 
tion were performed in triplicate during expiration 
using 10 ml of iced saline. Values of 15% variation, 
largest to smallest, were accepted for calculating 
mean cardiac output and mean stroke volume as the 
ratio of cardiac output and heart rate. Corresponding 
to each thermodilution bolus, echocardiographic 
sequences of at least 10 cardiac cycles were recorded 
on videotape. During a minimum operation time of 
4 h, a total of 10-14 mean cardiac output measures 
and serial echocardiograms were obtained for each 
patient. Measurements were made at intervals of 
approximately 15 min or at the request of the attend- 
ing anaesthetist. 

Videotape recordings were analysed by taking 
25 consecutive cardiac cycles from each series of 
echocardiograms corresponding to each measure- 
ment of mean cardiac output by thermodilution. 
Mean values of MD and AL derived stroke volume 
were compared with stroke volume calculated by 
thermodilution by linear regression, Bland—Altman 
analysis’ and analysis of variance (ANOVA). 
Changes in MD and AL derived stroke volume were 
tested for sensitivity and specificity of indicating 
clinically relevant changes in thermodilution stroke 
volume (defined as changes of more than 20%). To 
account for the variability in ABD determined LV 
volumes, we calculated 95% confidence limits of LV 
stroke volume, obtained from 25 consecutive cardiac 
cycles at each measurement. Only stroke volume data 
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with a confidence range of less than +20% from the 
mean were accepted for direct comparison with ther- 
modilution stroke volume. Consequently, only 
changes in mean ABD derived stroke volume of more 
than 20% were considered significant. 


Results 

Technically adequate echocardiograms with acti- 
vated ABD were obtained in 12 patients within a few 
minutes after insertion of the probe. Three additional 
patients were excluded after being entered into the 
study because intraoperative echocardiographic cri- 
teria were not fulfilled. In 10 patients (83%) more 
than three measurements required prior manipula- 
tions of the probe to correct for the pre-selected view 
or regain good image quality. In total, 114 corre- 
sponding measurements of ABD and thermodilution 
derived stroke volume (range 37-161 ml) and 105 
calculations of stroke volume changes (—65-117 ml) 
were available for comparison; 16% of all ABD data 
were excluded from comparison because of unac- 
ceptable variability. 

Underestimation of thermodilution stroke volume 
by ABD methods occurred throughout the study in 
all but one patient. Linear regression analysis 
revealed poor correlation between both ABD meth- 
ods and thermodilution in determining stroke 
volume (r=0.66 and r=0.68). Results of Bland- 
Altman analysis showed a mean systematic stroke 
volume difference of approximately 25 ml (fig. 2), 
with mean estimation of cardiac output being 2.5 
litre min” less than cardiac output calculated by ther- 
modilution. No significant effects of heart rate, end- 
systolic or end-diastolic volume were detected 
between the methods. Changes in thermodilution 
stroke volume correlated moderately with those for 
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Figure 1 Transoesophageal echocardiographic view of the left ventricle in its long axis. Left: Single-plane application of the method of 
discs allowed calculation of the volume of the left ventricle from 20 equally spaced discs (4i, with =1 to #=20) and the length of the long 
chamber axis (J). Right: Single-plane application of the area—length method allowed calculation of the volume of the left ventricle from the 


cross-sectional chamber area and long axis chamber length (/). 


Acoustic quantification and stroke volume 
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Figure 2. Bias analysis of stroke volume (SV) obtained by 
thermodilution (TD), and (a) the multiple disc (MD) method 
(mean —26 (sp 21) ml) and (B) the area-length (AL) method 
(—28 (22) ml). 


MD and AL derived stroke volume (r=0.75 and 
r=0.69). However, Bland-Altman analysis revealed 
high standard deviations for both ABD methods (fig. 
3). Significant good correlations between ABD 
methods and thermodilution were obtained for 
percentage changes in stroke volume (fig. 4). 

Direction of changes in thermodilution stroke vol- 
ume were indicated correctly in 79% (MD method) 
and 72% (AL method) of all measurements, Changes 
in MD derived stroke volume (AL stroke volume) by 
more than 20% identified thermodilution stroke vol- 
ume changes greater than 20% (n=57) with a sensi- 
tivity of 74% (70%) and a specificity of 82% (79%). 
The mean positive predictive value of significant 
ABD derived stroke volume changes for thermodilu- 
tion stroke volume changes >20% was 0.60. The 
mean negative predictive value of non-significant 
ABD derived stroke volume for thermodilution 
stroke volume changes <20% was 0.75. 


Discussion 


We have examined an advanced transoesophageal 
echocardiographic technique for its accuracy and 
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Figure 3 Bias analysis of changes in stroke volume (ASV) 
obtained by thermodilution (TD), and (a) the multiple disc 
(MD) method (mean —1 (sp 18) ml) and (B) the area—length 
(AL) method (—1 (16) ml). 


trend capability in estimating LV stroke volume dur- 
ing abdominal surgery. With reference to thermodi- 
lution, both ABD methods had poor accuracy in 
determining actual stroke volume, while they cor- 
rectly identified approximately 75% of changes in 
stroke volume greater than 20%. The technique was 
applicable during operation in 80% of patients. The 
use of the methods required frequent probe manipu- 
lations and was associated with signal instability. 
There are few methods currently available for 
monitoring stroke volume on a beat-to-beat basis. 
Stroke volume is commonly derived from thermodi- 
lution, which is invasive and gives only intermittent 
data. In contrast, acoustic quantification analyses 
continuously radiofrequency data and applied to 
transoesophageal echocardiography has the potential 
to accurately measure LV cavity area*”. ABD 
algorithms for on-line calculation of LV volumes 
from single long-axis views are based on formulae 
recommended by the American Society of Echocar- 
diography"'*. Recent transthoracic studies in a 
canine heart model’ and in humans?’ have confirmed 
that ABD derived stroke volume from a single long- 
axis plane correlates closely with stroke volume 
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Figure 4 Linear regression of percentage changes in stroke 
volume (SV) obtained by (a) the multiple disc (MD) method 
(y=1.0x+1.6; r=0.85; SEE=32; n=105) and (B) the areatength 
(AL) method (y=0.9x+2.0; r=0.79; SEE=24; n=105) in relation 
to changes in thermodilution (TD) stroke volume. 


obtained by other established methods. In common 
with this study, however, ABD methods consistently 
underestimated actual stroke volume and the limits 
of agreement were wide. A major drawback of this 
single-plane approach is the inability to see the apex 
of the left ventricle, which makes assessment of LV 
areas and axes by more than one plane a preferable 
technique for volume determination” “*. However, in 
the intraoperative situation, single-plane measure- 
ments provide practical advantages, because they 
allow rapid, serial estimates of cardiac filling and do 
not require data work up on various standard images. 

While our results suggest that single-plane ABD 
methods reflect percentage changes in stroke volume 
and may be suitable for intraoperative trend analysis 
of stroke volume, they are disappointing with regard 
to measurement of stroke volume. Correlation of 
ABD methods with thermodilution showed better 
agreement in a previous transoesophageal study’. 
Katz and coworkers calculated regression coefficients 
from r=0.74 to r=0.82 for MD and AL derived stroke 
volume compared with thermodilution stroke vol- 
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ume, when a maximum of two data sets were 
obtained in each of 18 patients’. An excellent corre- 
lation between transthoracic ABD and the thermodi- 
lution technique was reported recently by Tardif and 
colleagues who measured cardiac output in critically 
ill patients’. In our study, the different approach and 
design may have contributed to the lower agreement 
between the ABD methods and thermodilution for 
several reasons. First, careful technical settings are 
critical to maintain precision of ABD data over 
hours. In our study, repeated manipulations of the 
probe were necessary as a result of surgical manoeu- 
vres such as chest retraction or upper abdominal 
exploration. Artefacts and worsening of signal trans- 
mission with time may have occurred as a result of 
drying of the ultrasound transmission gel between 
the oesophageal mucosa and the transducer head. In 
addition, changes in end-diastolic LV volume re- 
quired repeated adjustment of the limiting region of 
interest and played a role in the continuous perform- 
ance of ABD methods. These factors may have con- 
tributed to the high variability in 16% of automated 
TOE data that required exclusion from further 
analysis. 

Although there are several sources for ABD signal 
instability, we believe that a more important short- 
coming of this monitoring technique is its lack of 
accuracy in true volume determination. This may 
become more prominent during major surgery 
involving various haemodynamic states that affect 
cardiac filling and contractility. Possibly, the error of 
a foreshortened long-axis image is potentiated by 
major changes in LV volume or heart rate that might 
result in significant variation in the selected imaging 
planes. Evaluation is required on the use of other sin- 
gle planes such as the standard four-chamber view 
which, in common with the two-chamber view, is 
reproducible and offers the potential for applying 
ABD methods. Another possible approach for intra- 
operative monitoring of stroke volume by acoustic 
quantification, which is based on the LV short-axis 
view, has been examined extensively by Gorcsan and 
colleagues’. This technique; however, most often 
requires intra-gastric positioning of the transducer 
probe and from our experience has a very high inci- 
dence of signal instability during abdominal surgery. 

In summary, our results suggest that monitoring 
stroke volume with single-plane ABD methods does 
not hold promise as a clinically reliable technique 
because of the poor accuracy in computing stroke 
volume and signal instability, even during stable 
haemodynamic states, and its only moderate ability 
to detect acute changes in stroke volume during 
abdominal surgery. 
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Patient-controlled sedation for cataract surgery using peribulbar block 


C. K. Pac-Soo, S. Deacock, G. LocKwoop, C. CARR AND J. G. WHITWAM 


Summary 

Patients undergoing cataract surgery using 
peribulbar block were allocated randomly to 
self-administer doses of either midazolam 0.1 
mg or propofol 3.3 mg without a lock-out facility; 
in the control group the syringe was charged 
with saline, not as a placebo, but to “blind” the 
surgeon and the nurse observer. For midazolam 
and propofol, median doses were 2.54 (0.1-6.0) 
mg and 87.4 (0-145) mg, respectively. Patient- 
controlled sedation significantly reduced the 
level of anxiety, with median visual analogue 
anxiety scores in the midazolam, propofol and 
saline groups of 5 (0-38) mm, 5 (0-25) mm and 
15 (0-92) mm, respectively (P<0.05). Some 
patients did not administer the sedative when 
available while others in the saline group would 
have benefited from anxiolytic drugs. While both 
drugs prevented an increase in heart rate, only 
midazolam prevented an increase in arterial 
pressure during surgery. (Br. J. Anaesth. 
1996;77:370-374) 
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Hypnotics benzodiazepine, midazolam. Anaesthetic tech- 
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Cataract is predominantly a disease of old age'*. The 
number of elderly patients in the UK, together with 
earlier referral of patients for treatment, is increasing 
the demand for cataract surgery’‘, using day-care 
facilities’ °. 

Despite the availability of new anaesthetic drugs 
which allow rapid recovery, for example propofol, 
desflurane and sevoflurane, the use of local anaesthe- 
sia is increasing as it provides not only satisfactory 
operating conditions, but also advantages in terms of 
health economics’. A major disadvantage of local 
anaesthesia alone is anxiety, so that patients may be 
restless when immobility is required’. This may be 
overcome with anxiolytic drugs causing only minimal 
sedation. Unfortunately, a patient’s response to a 
predetermined dose of a sedative drug may be 
unpredictable, particularly in the elderly where only 
relatively small doses are required*”’. 

An alternative would be patient-controlled seda- 
tion (PCS) which has been used successfully during 
surgery performed under local anaesthesia’ *. In 
early studies, the technique included an initial prede- 
termined dose of the sedative drug before the patient 
took over which, by allowing the possibility of initial 


over sedation, may be a disadvantage. Recently, a 
modified patient-controlled analgesia pump 
(Graseby 3300, Watford, UK) without a lock-out 
period has been used to allow small doses of either 
propofol or midazolam to both initiate and maintain 
sedation”. The only restriction of access to the drug 
is the duration of injection of each dose, which was 
5.4 s in these studies”. Patients use a much wider 
range of doses to achieve similar levels of psychomo- 
tor depression, with maintenance of verbal commu- 
nication, than would be expected during physician 
administration. 

We have evaluated this new method of total 
patient-controlled sedation in an elderly population 
undergoing cataract surgery during local anaesthesia. 


Patients and methods 


After obtaining approval from the Ethics and 
Research Committee (No. L94/1) and written 
informed consent, we enrolled 77 patients in the 
study. Exclusion criteria included age greater than 85 
yr, clinical evidence of heart failure, severe pulmo- 
nary disease, sedative medication within the previous 
month, difficulty with language or communication, 
and poor vision in the nonoperated eye. Patients were 
allocated randomly to one of three groups by opening 
a sealed numbered enveloped containing the study 
group (120, 4cm square labels, 40 each labelled 
midazolam, propofol, and placebo, were folded into 
four and mixed thoroughly in a box approximately 30 
cm square by stirring and shaking, and were then 
taken out, placed in an envelope and numbered in 
the selected order). Three senior registrar anaesthet- 
ists and four ophthalmic surgeons of senior registrar 
or consultant status participated in the study. This 
was a single-blinded study with patients in the saline 
group informed that they were not receiving any 
sedation while the research nurse and the surgeons 
were blinded. We felt that it was inappropriate and 
unethical to allow patients to try to sedate themselves 
with saline. 
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Sedation and cataract surgery 


SEDATION EQUIPMENT 


The use of the sedation pump (modified Graseby 
3300, Watford, UK, no lock-out, infusion rate 200 ml 
h”) was explained to the patients. They were told that 
they may not feel the need to administer any drug. If 
they started to feel less relaxed or anxious they 
should press the button as often as required until 
they were no longer anxious and “felt good”, and 
while they could press the button again whenever 
they felt they needed more drug, they should not 
attempt to become unconscious. The pump con- 
tained 30 ml of one of three solutions: 0.9% saline, 
with or without midazolam or propofol 10 mg (1%). 
It was set to administer 0.33-ml aliquots of solution, 
that is midazolam 0.1 mg or propofol 3.3 mg. A 
21-gauge cannula was inserted into a vein in the 
forearm on the contralateral side to the arterial pres- 
sure cuff and connected to the patient-controlled 
sedation pump via a primed infusion cannula (stand- 
ard intravascular monitoring catheter length 150 cm, 
internal diameter 1 mm). Patients who were 
allocated to the saline group were then informed that 
the pump did not contain any sedative drug and that 
they were the control group. The number of 
demands, and successfully administered boluses of 
drugs, were recorded. 


PATIENT ASSESSMENT 

Sedation 

The level of sedation was graded before performing 
peribulbar block by an independent “blinded” 
research nurse using the following scale: (1) awake, 
anxious; (2) awake, not anxious; (3) sedated, speech 
slurred; and (4) eyes closed with appropriate 
response to verbal command”. Awake patients were 
asked by the nurse if they felt anxious. Intraoperative 
assessment was made by the operating surgeon. 


Anxtety 

Two hours after surgery, patients were reviewed by a 
different anaesthetist. The level of anxtety experi- 
enced in the intraoperative period by the patients was 
assessed retrospectively using a linear visual analogue 
scale (VAS) from 0 to 100 mm, where 0=feeling nor- 
mal and not anxious and 100=extreme anxiety. 


Psychomotor test 

The use of the psychomotor test equipment was 
explained during an initial period of familiarization. 
Two ascending and descending readings were 
obtained for critical flicker fusion, a simple response 
time was repeated six times and a computerized digit 
span memory test was also applied. The psychomo- 
tor tests were performed by a nurse trained in the use 
of a portable notebook computer (Compaq Contura, 
Compaq Computer Corporation, Singapore). Base- 
line tests were performed before the start of each 
study and repeated 10, 30, 60 and 120 min after the 
end of surgery. It was not possible to apply the tests 
satisfactorily when the treatment pathway had 
started, because of the speed of events, changing 
conditions and limited access to the patients. 


MONITORING 


The electrocardiogram (Cardiorecorder 364 AM, 
UR), heart rate and arterial oxygen saturation (Spo,) 
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(Novametric 515 A, USA) were monitored continu- 
ously together with intermittent measurements of 
non-invasive arterial pressure (Dinamap Criticon A 
45, UK). Baseline readings were recorded before 
sedation and repeated at 5-min intervals thereafter, 
including the phase I recovery area after surgery. 


PERIBULBAR BLOCK 


All patients, whether receiving saline, sedation or 
those not taking sedation, indicated that they were 
ready for the block when assessed within 5-10 min 
after connection of the sedation apparatus, which in 
the saline group was there to blind the observers. 
After the research nurse had assessed the level of 
sedation, which took approximately 2—4 min, a 
peribulbar local anaesthetic block was performed on 
the operated eye using 8 ml of a mixture of equal vol- 
umes of 0.5% bupivacaine and 2% lignocaine to 
which 150 iu of hyaluronidase had been added. A 
Honan balloon was applied for 20 min to facilitate 
spread of the local anaesthetic into the muscle cone 
and subsequently to reduce intraocular pressure. 
Additional local anaesthetic was administered when 
required to ensure satisfactory block. 


PROCEDURE 


After transfer to the operating theatre, the surgical 
field was prepared. Oxygen was delivered at 6 litre 
min” by a cannula placed close to the nostrils under 
the drapes. The PCS apparatus was positioned near 
the patient’s feet under the surgical drapes but easily 
accessible to the anaesthetist. Before surgery, the 
surgeon, who was blinded to the sedative technique, 
assessed the degree of ocular movement using a rec- 
ognized scale’. 

In the intraoperative period, patients maintained 
their own level of anxiolysis and the anaesthetist was 
present throughout. The surgeon ascertained that 
patients were not over sedated by maintaining verbal 
contact. At the end of the operation, the surgeon 
recorded the quality of the local anaesthesia and also 
the patient’s cooperation during surgery. Assessment 
of cooperation was left to the discretion of the 
surgeon and was considered good if the patient 
responded appropriately to his request and did not 
move unexpectedly during the procedure. Sedation 
was then discontinued and the duration of use of the 
sedation pump and surgery were recorded. 

Patients were then transferred to the recovery unit 
(phase I) where they remained until completion of 
the study. After step down (phase ID), patients were 
reviewed by a second anaesthetist before discharge. 


STATISTICAL ANALYSIS 


Analysis of variance (ANOVA) was applied to 
normally distributed data. The difference between 
the highest systolic and diastolic pressures and heart 
rate and baseline pressure in each patient were com- 
pared between groups using one-factor ANOVA. 
Within each group, comparison with baseline was 
made using Student’s paired t tests with Bonferroni’s 
correction. Sedation scores were compared using 
chi-square analysis and the median anxiety scores 
were compared using the Mann-Whitney U test. The 
results of the psychometric tests were analysed using 
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Friedman’s two-way analysis of variance for repeated 
measurements. P<0.05 was considered statistically 


significant. 


Results 

Two patients were removed from the study; one 
became over sedated with midazolam and its effects 
were reversed with flumazenil 0.5 mg i.v. before the 
local anaesthetic block was performed; the other in 
the non-sedated group, suffered a posterior capsular 
tear with vitreous loss. 

There were no significant differences in patient 
characteristics between the groups (table 1) and no 
differences in duration of surgery, quality of local 
anaesthesia (table 2) or ocular muscle paralysis. In 
one patient in the midazolam group and two in the 
propofol group, local anaesthetic action wore off 
during surgery and was supplemented with 1% topi- 
cal amethocaine. Cooperation of the patients, 
assessed by the surgeon, was good, except for one 
non-sedated patient, three patients in the midazolam 
group and one in the propofol group (table 2). 

The median total doses of midazolam and propofol 
were 2.54 mg and 87.4 mg, respectively (table 2). 
Three patients in the propofol group did not use the 
pump but their anxiety scores were 0—6 mm on the 
VAS. Three patients in the midazolam group fell 
asleep during surgery but were awakened immedi- 
ately by verbal communication, without distress or 
restlessness, and with appropriate responses to 
instructions. 

Sedation scores before performing peribulbar 
block were grouped as inadequate (group 1) and 
adequate (groups 2-4). There were significantly 
more patients in the saline group who were 
inadequately sedated compared with those in the 
midazolam and propofol groups (table 3). There was 
no significant difference in the degree of sedation 
between the midazolam and propofol groups and 
only two patients were considered retrospectively to 
have used too little sedation. 

Overall, the non-sedated group was significantly 

more anxious during surgery. They had a median 
VAS of 15 mm compared with 5 mm in the 
midazolam and propofol groups (table 3). However, 
seven (27%) patients in the non-sedated group when 
assessed after surgery had a VAS anxiety score of 0 
mm. 
The results of the psychomotor tests, which were 
performed before and after the procedure, were not 
significantly different either between the three groups 
or within each group (table 4). Three patients in the 
midazolam group had complete amnesia for intraop- 
erative events. 

Only one patient (in the midazolam group) devel- 
oped an arterial saturation of less than 90% for more 


Table 1 Patient characteristics for the three groups (mean (sD or 
range) or number) 


Non-sedated Midazolam Propofol 
group (n=26) group (n=24) group (n=25) 
Age (yr) 70 (52-85) 70.3 (44-85) 67 (45-82) 
Weight (kg) 71 (15.3) 70.1 (13.4) 70 (14.8) 
Sex (M:F) 13:13 12:12 11:14 
ASA GALI)  13/13/0 14/10/0 9/16/0 
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Table 2. Duration of surgery and patient-controlled sedation 
(PCS) (mean (sp), total amount of drug used (median (range)), 
number of patients who could not recall operative events and 
quality of anaesthesia and co operation of the patients in the 
three groups, no significant differences between groups 


Non-sedated Midazolam Propofol 
group (n=26) group (n=24) group (=25) 





(min) 43.9 (23.5) 40.1 (14.4) 42.6 (15.2) 


93.3 (33.4) 89.6 (20.1) 


1.62 (0.1-4.8) 40.1 (0-145) 


2.54 (0.1-6.0) 87.4 (0-195) 


No 26 21 25 


Good 25 23 23 


Cooperation of 
patient 
during 
surgery 
Good 25 21 24 
Bad 1 3 1 


Table 3 Assessment of sedation and anxiety. Degree of sedation 
before peribulbar block and anxiety experienced during surgery 
(retrospective) using a visual analogue scale ((VAS) of 0-100 
mm). Sedation state was analysed using the chi-square test and 
anxiety score using the Mann-Whitney U test. *P < 0.05 





Non-sedated Midazolam Propofol 
group (n=26) group (n=24) group (n=25) 
Sedation score 
1 2 0 
2 17 15 19 
3 0 6 5 
4 0 1 1 
Inadequate (1) 9* 2 0 
Adequate 
(24+3+4) 17* 22 25 
Anxiety score 
(mm) 
(median 
(range)) 15 (0-92)* 5 (0-38) 5 (0-25) 


than 1 min. This occurred 20 min after initiation of 
sedation while breathing air. Saturation improved 
immediately when the patient was asked to inhale a 
few deep breaths and remained greater than 92% 
throughout the remainder of the study. 

‘There were no significant differences in mean con- 
trol systolic and diastolic arterial pressures, which 
were 148.8 (sp 17.3) mm Hg and 86.2 (21.5) mm 
Hg in the placebo group, 157.5 (13.9) mm Hg and 
85.7 (11.4) mm Hg in the midazolam group, and 
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Table 4 Psychometric studies. Effect of midazolam, propofol and placebo on psychometric tests before sedation and after surgery (mean 
(sp)). SRT = Simple response time, CFF = Critical flicker fusion, DS = Digital span memory test (maximum number of digits scored 
correctly). Data were compared using two-way analysis of variance. No significant differences between groups 





Time after surgery (min) 
Group n Before sedation 10 30 60 120 
SRT (ms) 
Placebo 26 331 (104) 368 (183) 363 (157) 353 (140) 367 (185) 
Midazolam 24 335 (74) 477 (456) 447 (472) 344 (123) 350 (133) 
Propofol 25 375 (158) 535 (617) 346 (112) 352 (114) 334 (87) 
CFF (Hz) 
Placebo 26 34.0 (3.0) 34,1 (3.0) 34.0 (3.4) 34.4 (3.1) 33.8 (3.4) 
Midazolam 24 34.0 (2.3) 34.3 (3.8) 33.9 (4.3) 35.3 (3.8) 33.9 (2.2) 
Propofol 25 34.3 (2.9) 34.0 (2.1) 34.6 (2.7) 34.0 (2.4) 35.0 (2.9) 
DS Wo.) 
Placebo 26 5.0 (1.3) 5.0 (1.1) 5.1 (1.4) 5.4 (1.4) 5,3 (1.2) 
Midazolam 24 5.5 (1.1) 4.5 (1.1) 5.2 (1.0) 5.0 (1.0) 5,0 (1.3) 
Propofol 25 5.8 (1.0) 5.2 (1.1) 5.2 (1.1) 5.6 (1.0) 5.6 (1.3) 


150.1 (18.8) mm Hg and 86 (12.1) mm Hg in the 
propofol group. In the saline and propofol groups 
there were significant peak increases of 14.6 and 9.4 
mm Hg in mean systolic pressure (P<0.05 in each). 
In contrast, in the midazolam group, mean arterial 
pressure changed by only 2.4 mm Hg (ns). In all 
groups arterial pressure returned to near control val- 
ues by the end of the procedure. There were no sig- 
nificant changes in mean diastolic pressure. 

One non-sedated patient was restless and his 
systolic and diastolic arterial pressures increased to 
200 and 120 mm Hg, respectively, and were restored 
to normal control levels with labetalol (total dose 30 
mg i.v.). The patient was not known to suffer from 
hypertension but was extremely anxious during 
surgery, with a retrospective anxiety score of 92 mm 
on the VAS. 

Mean control heart rates were 73.2 (10.8), 72.4 
(11.4) and 74.4 (11.1) beat min” in the saline, mida- 
zolam and propofol groups, respectively. There were 
no significant changes in heart rate throughout the 
study in the midazolam and propofol groups, and 
although the unsedated group demonstrated a 
significant peak increase in mean heart rate during 
surgery, it was only 4.2 beat min`’ and therefore not 
clinically important. Heart rate exceeded 90 beat 
min” in approximately 33% of patients. 


Discussion 


We have demonstrated that elderly patients can use 
patient-controlled sedation during cataract surgery 
to induce and maintain anxiolysis and conscious 
sedation with minimal drowsiness (table 3). 

The term sedation used in the study dose not refer 
to the degree of drowsiness but rather describes a 
state of anxiolysis. When patients feel very relaxed, 
they can become very drowsy but verbal communica- 
tion is retained. This method of sedation is as safe as 
other methods and may have advantages over other 
techniques where an anaesthetist or other 
practitioner induces and maintains sedation *”. Both 
midazolam and propofol were effective in obtunding 
an increase in heart rate during surgery, which 
occurred in the non-sedated group, but only 
midazolam prevented an increase in arterial pressure, 
which confirms a previous report in patients 
undergoing cataract surgery’. 


Clearly sedation is not required in all patients 
undergoing cataract surgery with local anaesthesia 
but although the 26 patients in the control group 
managed without sedation, some were very anxious, 
as demonstrated retrospectively by the VAS anxiety 
scores. All patients in the midazolam group received 
some drug even though their median anxiety score 
(VAS) was only 5 mm (range 0-38 mm) (table 3). In 
contrast, three patients in the propofol group with 
VAS anxiety scores less than 6 mm did not receive 
any drug and seven (27%) patients in the non- 
sedated group had an anxiety score of 0 mm during 
surgery. Therefore, 10 of 75 patients (13%) did not 
require any sedation and for several other patients, 
drug consumption was minimal (table 2). Thus as 
the need for sedation is unpredictable and clearly 
there is no requirement for routine use, a case may be 
made for demand sedation in all patients. In these 
situations security and confidence are provided by 
patients’ knowledge of the immediate availability of 
sedation should they become acutely anxious”. 
Moreover, intervention with sedative drugs adminis- 
tered i.v. by anaesthetists or surgeons can be 
disastrous when surgery has started. This has been 
demonstrated in a study where administration of 
infusions of either midazolam or propofol by 
anaesthetists during cataract surgery, to achieve a 
predicted level of sedation with cooperative dysar- 
thria, caused loss of airway patency in some 
patients”, 

In one patient in the midazolam group, verbal 
communication was lost before peribulbar block was 
performed because of “stacking” of doses to a total of 
more than 5 mg. This is predictable in some elderly 
patients with slow circulation times. It is caused by 
the slow onset time of midazolam” and is reversed 
easily with flumazenil. A similar problem during 
cataract surgery has been reported after administra- 
tion of midazolam 20 ug kg" i.m. where 33% of 
patients fell asleep’. 

The absence of a formal lock-out time implies that 
the time between successful demands was only 5.4 s, 
that is the duration of injection of each bolus. In pre- 
vious studies using the same demand sedation system 
in healthier younger patients, none become over 
sedated”. In this study, no patient receiving propofol, 
which has a shorter onset time’”, became over 
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sedated. Thus although midazolam is very effective 
at relieving anxiety and suppressing a cardiovascular 
response to surgery, in elderly patients small doses 
and a lock-out time during patient-controlled 
sedation are to be recommended. 

In terms of respiratory depression, our sedation 
technique compared favourably with other studies. 
For example, apnoea was reported in five (16.1%) 
patients who received fentanyl 0.5 ug kg? and mida- 
zolam 0.0015 mg kg" i.v.’. Both midazolam and pro- 
pofol depress hypoxic ventilatory drive in humans”” 
and although our method of sedation appears to be 
better than others’, we recommend routine use of 
supplementary oxygen whenever possible, as the 
alternative of deep breathing may cause coughing. 

Three (12.5%) patients in the midazolam group 
were completely amnesic for all surgical events. This 
is less than in a previous study where premedication 
with temazepam 10 mg orally combined with 
midazolam in a mean total dose 1.41 mg for cataract 
surgery resulted in an incidence of amnesia of 
29.4%". 

There were no significant differences in the results 
of the psychomotor tests before and after surgery 
which, on average, lasted 40 min (table 2). Because 
of clinical constraints, the group of psychomotor 
tests could not be reapplied in a valid way until the 
postoperative period. Patients administered only 
small amounts of either midazolam (median 2.54 
mg) or propofol (mean 87.4 mg) (table 2), 
approximately 50% of the dose before peribulbar 
block and most of the remainder at the beginning of 
surgery. As the psychomotor tests were performed 
after the end of the procedure, that is on average 
more than 50 min after the last dose of either drug, it 
is not surprising that potential small differences 
between the drugs were not detected. Also, in 
another study where drugs were administered in pre- 
determined doses by an anaesthetist, recovery meas- 
ured by the response time was similar for both mida- 
zolam and  propofol*. Midazolam is the 
recommended anxiolytic drug for use by non- 
anaesthetically trained practitioners” and has the 
advantage of the possibility of immediate reversibility 
of effect by flumazenil. Nevertheless, patients should 
be supervised continuously by a competent person, 
as has been recommended recently for propofol”. 
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Synergistic interactions between midazolam and alfentanil in isolated 


neonatal rat spinal cord 


J. FENG AND J. J. KENDIG 


Summary 

Benzodiazepines, which may themselves have 
analgesic properties, display complex interac- 
tions with opioids. This study was designed to 
investigate the effects of midazolam on nocicep- 
tive neurotransmission in isolated neonatal rat 
spinal cord, and the interactions between mida- 
zolam and alfentanil. Slow ventral root poten- 
tials (sVRP) were recorded from a lumbar root of 
spinal cords isolated from 1-7-day-old rats and 
superfused at 27-28 °C. Midazolam (35 nmol 
litre’ to 15 umol litre’) significantly (P<0.05) 
depressed sVRP area in a concentration- 
dependent manner. Midazolam depression was 
antagonized by flumazenil, bicuculline and 
naloxone. Midazolam and alfentanil interacted 
synergistically, as determined by a combination 
index of less than 1. Midazolam blocked the 
rebound hyperexcitability observed when alfen- 
tanil was reversed by naloxone. The results of 
the study are relevant to benzodiazepine—opioid 
analgesia and to the effectiveness of benzo- 
diazepines in mitigating the development of 
opioid tolerance and dependence. (Br. J. 
Anaesth. 1996;77:375-380) 


Key words 


Hypnotics benzodiazepine, midazolam. Analgesics opioid, 
alfentanil. Spinal cord. Rat. Pharmacology, synergism. 


A benzodiazepine combined with an opioid analgesic 
is commonly used for i.v. anesthesia. There is contro- 
versy on whether or not benzodiazepines are 
analgesics’; given spinally, their effects appear to be 
analgesic’ but systemically their sedative and anxi- 
olytic properties may interfere with the assessment of 
pain’. Complex interactions between benzodi- 
azepines and opioids have been reported with respect 
to analgesia 7°*, sedation—hypnosis*” and develop- 
ment of opioid tolerance". We have previously 
reported the effects of opioids on nociceptive 
neurotransmission in isolated neonatal rat spinal 
cord'*’®, In response to stimulation of a lumbar dor- 
gal root, a slow ventral root potential (sVRP) lasting 
20-40 s can be recorded at the corresponding ipsilat- 
eral ventral root. The sVRP is related to nociception 
by several criteria. The fully developed sVRP 
requires C-fibre activation”. Both NMDA and 
neurokinin receptors are involved in sVRP genera- 
tion”, and both are linked to pain neurotransmission. 
An sVRP can be evoked by true noxious stimula- 


tion””, The sVRP is highly sensitive to analgesic 
agents, including opioids“ and a, adrenoceptor 
agonists”. 

The sVRP is depressed by the benzodiazepine 
diazepam”. This study was designed to examine the 
effects of the benzodiazepine midazolam on the 
sVRP, and to investigate the interactions between 
midazolam and the p opioid alfentanil. 


Materials and methods 

After obtaining approved from Stanford’s Animal 
Care and Use Committee, newborn (1—6-day-old) 
Sprague-Dawley rat pups were anaesthetized with 
enflurane and decapitated. The spinal cord from the 
mid-thoracic to sacral level was removed rapidly and 
perfused at a rate of 4 ml min” with artificial cerebro- 
spinal fluid (ACSF) at 27-28 °C, equilibrated with 
95% oxygen-5% carbon dioxide, pH 7.3-7.4. This 
temperature is physiological for rats of this age when 
not in close contact with the mother. The ACSF 
consisted of (mmol litre’): NaCl 123, KCl 5, 
NaH,PO, 1.2, MgSO, 1.3, NaHCO, 26, CaCl, 2, 
glucose 30. This concentration of glucose was chosen 
because it increases viability in a more demanding 
version of this preparation, the spinal cord with 
brainstem attached in which spontaneous fictive res- 
piratory discharges are maintained”. 

Suction electrodes were arranged to stimulate a 
lumbar dorsal root and record from the correspond- 
ing ipsilateral ventral root. Stimuli were single square 
wave pulses of 0.2 ms in duration. Stimulus intensity 
was adjusted to be supramaximal for eliciting the 
sVRP, and frequency was maintained at 0.02 Hz 
throughout the study. Responses were digitized, 
averaged in groups of 5 and stored for later analysis. 

Controls for each experiment were the mean of 
4-7 averaged responses obtained 30 min before 
administration of drug. Intermittently throughout 
the study, time-matched control experiments were 
carried out. Controls for individual drug experiments 
and time-matched controls over the duration of a 
typical experiment were within the range 95-105% 
of control means. Drugs obtained as pure compound 
were made up as stock solutions in distilled water, 
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Control 


Mid 1 pmol titre! 


Bic 1 pmol litre’ 


Ko 


Control 


Mid 5 pmol litre! 


Flu 1 pmol litre’ 


Figure 1 Examples of the effects of midazolam (Mid) on the slow ventral root potential (8 VRP). a: Midazolam 1 umol litre’ depressed 
the sVRP and the depression was antagonized by the GABA, antagonist bicuculline (Bic) 1 pmol litre’. g: Midazolam 5 pmol litre” 
depressed the sVRP and the depression was antagonized by the benzodiazepine antagonist flumazenil (Flu) 1 pmol litre”. 


diluted to the desired concentration in ACSF and 
applied to the cord in the perfusate for 30-60 min. 
The pH of the solution of diluted drug was 7.3-7.4. 
In single-drug studies, each preparation was exposed 
for 30 min to a single concentration of one agent, 
then to either drug-free ACSF or an antagonist for 
I h. In combination studies, a fixed concentration of 
one agent was co-administered with one of a range of 
concentrations of the other for 30 min; again each 
preparation was exposed to only one concentration 
of the second agent. 

sVRP was quantified as the area under the curve. 
In a more detailed analysis, the sVRP was divided 
into an early area, maximally sensitive to NMDA 
antagonists, from 80 to 440 ms, and a late area, 
probably mediated via metabotropic receptors of 
more than one type, from 2.5 to 7.8 s'*. Results were 
normalized to control. Slopes of dose-response 
curves were calculated by linear regression analysis of 
the log dose-response curve. To test for synergism 
against additive interactions of midazolam and alfen- 
tanil, the combination index (CI) was calculated 
from median-effect plots for each agent and com- 
pared with the predicted value for additivity”. 


Results 


MIDAZOLAM DEPRESSION OF S8VRP 


Midazolam, in concentrations of 35 mmol litre’ to 
15 pmol litre’, significantly (P<0.05 to P<0.0001) 
depressed sVRP area; examples are shown in figure 
1. Depression of the entire sVRP area by midazolam 
was concentration-dependent (fig. 2). As we have 
reported previously, alfentanil also depressed the 
sVRP area more potently than midazolam (fig. 2). 
Although it appeared that the slope of the midazolam 
concentration—response curve was shallower than 
that for alfentanil (midazolam slope ~15.62 (SEM 
2.375), alfentanil —20.92 (4.622) by linear regression 
analysis), the difference was not significant. 

In previous studies we have shown that both u and 
xK opioids selectively depressed the slower late phase 
of the sVRP compared with a relatively fast region 
sensitive to NMDA receptor antagonists“. The 
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Figure 2 Dose-response curves for alfentanil (O) and 
midazolam (@) depression of the slow ventral root potential 
(sVRP). Midazolam exerted significant depressant effects at 
concentrations of 35 nmol litre! and above. Midazolam was less 
potent than alfentanil on an equimolar basis and its maximum 
depressant effect was much less. Data points are mean (SEM) of 
4-13 experiments, in each of which the preparation was exposed 
to a single concentration of one of the agents. 


same was not true for midazolam. Midazolam up to 
1 umol litre’ exerted similar effects on the early (80- 
440 ms) and late (2.5-7.8 s) phases of the response 
(fig. 3). At higher concentrations, however, an appar- 
ently biphasic effect of midazolam on the early phase 
was revealed; 5 and 15 pmol litre’ continued to exert 
a concentration-dependent depressant effect on the 
late phase but appeared to be less effective than lower 
concentrations in depressing the early phase (fig. 3). 
This biphasic effect contributed to the shallow dose— 
response relationship for overall midazolam depres- 
sion, and to the modest maximum depressant effect. 


MIDAZOLAM~ALFENTANIL INTERACTIONS 


Interaction between midazolam and alfentanil was 
examined by calculating a combination index (CD. 
The equation for the CI (eqn (1)) was solved in two 
ways: for CI using actual concentrations of agents in 
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Figure 3 Effects of midazolam on the early area of the slow 
ventral root potential (sVRP) maximally sensitive to NMDA 
antagonists, 80-440 ms after the stimulus (NMDA area, @) 
compared with effects on the slower metabotropic 
receptor-mediated component of the sVRP (late area, @). The 
effects of midazolam on the two components were similar at 
concentrations of up to 100 nmol litre’. Above 100 nmol litre”, 
the effectiveness of midazolam on the early area decreased while 
the later area continued to decline. Data points are mean (SEM) of 
5-9 experiments, in each of which the preparation was exposed 
to a single concentration of midazolam. 


combination and the concentration of each agent 
required to produce a given effect by itself; and for 
the predicted concentration of one agent required to 
be added to a known concentration of the other to 
produce a median effect assuming additivity (CI=1). 
The latter was then plotted on a graph of the actual 
combination drug effects (fig. 4), 

ClI=Ca/a+CmM/M+(CMxCa/Ma) qd) 
where Cl=combination index, Ca and CMmM= 
concentrations of alfentanil and midazolam given in 
combination to produce a given level of effect, and a 
and M=concentrations of each agent separately 
required to produce the same level of effect. A CI 
value of 1 indicates additivity, less than 1 synergism 
and greater than 1 antagonism. 

When CI was determined with known concentra- 
tions of agents to produce a given effect, values 
ranged from 0.1 to 0.5, depending on the effect level 
chosen. This result indicates that interactions be- 
tween alfentanil and midazolam were synergistic. 
Synergism was confirmed by the finding that 
midazolam 15 nmol litre’, a concentration with no 
effect on sVRP, significantly potentiated the depres- 
sant effect of alfentanil (fig. 4). When CI was 
assigned a value of 1 under an assumption of additiv- 
ity, and the predicted concentration of midazolam or 
alfentanil required to produce the median effect in 
combination with the other drug was calculated, the 
actual curves for midazolam—alfentanil combinations 
were shifted markedly to the left from the points pre- 
dicted by the assumption of additivity (fig. 4). 


RECEPTOR SPECIFICITY OF MIDAZOLAM AND ALFENTANIL 
ACTIONS 


Midazolam is presumed to act at the benzodiazepine 
receptor site on the GABA, receptor. The benzodi- 
azepine antagonist flumazenil and the GABA, 
antagonist bicuculline were examined for their own 
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Figure 4 Concentration—effect plots determined when alfentanil 
was fixed at 0.5 nmol litre” and midazolam was varied (@) and 
when midazolam was fixed at 35 nmol litre’ and alfentanil was 
varied (¢). These actual combinations were compared with the 
predicted median effective concentrations of midazolam in 
combination with alfentanil 0.5 nmol litre’ (O) and of alfentanil 
in combination with midazolam 35 nmol litre’ (©), respectively, 
under an assumption of additivity. Data points from the actual 
combinations are mean (SEM) of 4—6 experiments, each 
preparation exposed to one mixture. Predicted concentrations 
were derived from equation (1) with the value for CI fixed at 1. 
Predicted concentrations use median effect plots derived from 
transformed dose-response curves. Horizontal error bars=95% 
confidence limits of the regression line drawn through the 
median effect plots. Both combinations were more effective than 
predicted by additivity; midazolam and alfentanil interacted 
synergistically to depress sVRP. 


effects and for ability to antagonize the effects of 
midazolam. Both agents increased sVRP area at con- 
centrations of 500 pmol litre’ and above (fig. 5). Both 
flumazenil and bicuculline antagonized the effect of 
low (50 nmol litre") concentrations of midazolam at 
concentrations at which they themselves did not 
increase sVRP area (50 nmol litre”); at higher mida- 
zolam concentrations (lpmol litre’), effective an- 
tagonism was observed only with higher antagonist 
concentrations, in the ranges in which the antago- 
nists themselves increased sVRP area (1 pmol litre”). 

There was unidirectional cross-antagonism be- 
tween opioid receptor antagonist and the benzo- 
diazepine receptor agonist. The effects of midazolam 
1 pmol litre’ were antagonized by the non-specific 
opioid antagonist naloxone at a concentration that 
itself had no significant effect on the sVRP (200 nmol 
litre’). The GABA, antagonist bicuculline (200 
nmol litre") did not antagonize the effects of 
alfentanil (200 nmol litre"). 


MIDAZOLAM EFFECTS ON OPIOID~INDUCED HYPER- 
RESPONSIVENESS 


We have observed previously that naloxone, given 
after u opioids, precipitated an increase in sVRP area 
to levels above pre-drug controls’. Midazolam 35 
and 1000 nmol litre", but not 15 nmol litre’ blocked 
this increase (fig. 6). Bicuculline 200 nmol litre’ did 
not affect the increase, suggesting that the latter was not 
mediated via disinhibition at GABA, receptors (fig. 6). 


Discussion 


Midazolam itself depresses spinal nociceptive neuro- 
transmission, as measured by changes in the 


378 


: 
j 


N 

© 

o 
i 


= 
N 
a 
a 


sVRP area (% of control) 
d g 
i 





8 
i | 


10° 10 
Concentration (nmol litre”) 


Figure 5 Both flumazenil (@) and bicuculline (O) alone 
increased sVRP area. The increase was significant (P<0.05) at 
concentrations of 500 nmol litre’ and above for each agent. Data 
points are mean (sEM) of 4-6 individual experiments, each 
preparation exposed to a single concentration of one of the 
agents. 
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Figure 6 Midazolam prevented the rebound 
hyperresponsiveness observed when alfentanil 200 nmol litre’ 
was followed by naloxone 200 nmol litre’. In each pair of bars, 
the agonist effect is on the left, followed by antagonist on the 
right. Midazolam 15 nmol litre’! co-administered with alfentanil 
was not effective, but 35 nmol litre? and 1 pmol litre’ were. Pale 
grey=alfentanil followed by naloxone; open bars=alfentanil and 
midazolam 15 nmol litre’, with and without naloxone; dark 
grey=alfentanil and midazolam 35 nmol litre’, with and without 
naloxone; medium grey =alfentanil and midazolam 1 pmol litre”, 
with and without naloxone; solid bars=alfentanil and bicuculline 
200 nmol litre’, with and without naloxone. Data are mean (SEM) 
of 5—14 individual experiments. 








nociceptive-related slow ventral root potential. The 
effect, however, is complicated by a biphasic 
concentration—response curve for the early NMDA 
receptor-mediated component of the sVRP. The sig- 
nificance of this with respect to analgesia is unclear, 
although it may be related to a plateau effect and 
contribute to the very high midazolam doses 
required for immobility in response to a noxious 
stimulus J. Mandema, personal communication). Its 
implication for midazolam—alfentanil interaction is 
discussed below. 

In an experimental animal model of pain, flumaze- 
nil and bicuculline attenuated analgesia produced by 
subarachnoid administration of midazolam in the 
lumbar region’. Analgesia and a decrease in sVRP 
area thus result from the action of midazolam on the 
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benzodiazepine site of a GABA, receptor population 
in spinal cord. Naloxone also antagonized the 
analgesic effect of both alfentanil and midazolam in 
animal models”™, indicating that some benzodi- 
azepine effects may be mediated via an opioid path- 
way in spinal cord. GABA antagonists failed to 
antagonize opioid effects in animal models’”. The 
results of our study are consistent with these 
findings, and suggest that the opioid receptor is 
downstream from the benzodiazepine receptor in the 
pathway. Benzodiazepines may act by enhancing 
release of endogenous opioids or potentiating their 
effects, or both. In light of marked benzodiazepine 
potentiation of exogenous opioid agonist effects, the 
latter possibility seems likely. 

The effectiveness of flumazenil and bicuculline as 
antagonists confirms the reasonable assumption that 
the effects of midazolam primarily result from 
actions on the benzodiazepine receptor site on the 
GABA, receptor-ionophore. The increase in sVRP 
area in the presence of bicuculline alone is not 
surprising, as there is a marked level of tonic GABA 
inhibition in the isolated spinal cord, as there is gly- 
cine inhibition”. The increase observed with fluma- 
zenil is surprising. Flumazenil is not known to have 
inverse agonist effects and is considered to be a pure 
antagonist at the benzodiazepine site. If this is the 
case, then the effect of flumazenil itself on the sVRP 
implies an endogenous ligand at the benzodiazepine 
receptor. 

The synergism observed between midazolam and 
alfentanil, the ability of naloxone to antagonize the 
effects of both, and the tendency of midazolam to 
prevent naloxone-precipitated hyperresponsiveness 
and the development of opioid tolerance and 
dependence” may share a common mechanism, at 
least in part. We have shown that naloxone- 
precipitated hyperresponsiveness after u opioids is 
blocked by the non-competitive NMDA receptor 
antagonist MK-801'*'*. MK-801 also potentiated the 
effect of morphine’. To account for these observa- 
tions, we have proposed that u opioids exert a 
long-lasting underlying excitatory effect that opposes 
their overwhelming depressant effect, and that is 
revealed when the depressant effect is abolished by 
the antagonist. The excitatory effect is proposed to 
be related to the initial steps in the development of 
tolerance or dependence. In common with the 
latter, it appears to be dependent on NMDA 
receptors”. It has been proposed that opioids acti- 
vate protein kinase C, leading to phosphorylation of 
the NMDA receptor and increased activity through 
the latter”. 

The effect of benzodiazepines on this system may 
be to decrease activity through NMDA receptors, 
thus blocking the excitatory effects of alfentanil and 
apparently potentiating the opposing depressant 
effects. The mechanism may involve the relative 
hyperpolarization that occurs when currents are 
increased at the GABA, receptor. Magnesium block 
of the NMDA receptor is voltage-dependent and 
enhanced by hyperpolarization. Thus benzodi- 
azepines may block NMDA receptors indirectly and 
reduce the excitatory effects of alfentanil. In 
agreement with this hypothesis, propofol, another 
agent which increases activity at GABA receptors, 
also potentiates the effect of alfentanil (Feng and 
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Kendig, unpublished data). Alternative hypotheses 
are possible, including actions of midazolam on sites 
other than the GABA, receptor and a non-linear 
summation of the effects of enhanced GABA activity 
mediated via benzodiazepines and membrane hyper- 
polarization caused by actions of morphine on a sec- 
ond messenger-modulated potassium channel. 

The results of this study are relevant to 
benzodiazepine—opioid analgesia at the spinal level 
and to benzodiazepine attenuation of the develop- 
ment of opioid tolerance. Opposing benzodiazepine 
effects at supraspinal levels may complicate the situ- 
ation in intact animals when benzodiazepines are 
administered systemically. Benzodiazepines given 
intrathecally potentiate opioid analgesia, but given 
intracerebroventricularly inhibit opioid analgesia” ”. 
GABAergic agonists in periaqueductal grey and ros- 
tral ventromedial medulla may inhibit descending 
inhibition of spinal nociceptive neurotransmission. 
Benzodiazepines, which enhance GABA, actively, 
may exert opposing spinal and supraspinal effects 
on nociceptive neurotransmission. Such opposing 
effects may contribute to the uncertainty regarding 
their analgesic properties. 
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Differential effects of ketamine and pentobarbitone on acetylcholine 
release from the rat hippocampus and striatum 


K. Sato, J. Wu, T. Kuc, Y. Wang, I. WATANABE AND F. OKUMURA 


Summary 

Using microdialysis, we examined the effects of 
ketamine and pentobarbitone on acetylcholine 
(ACh) release from the rat hippocampus and 
striatum. Ketamine 25 and 50 mg kg” increased 
ACh release from the hippocampus to 295% and 
353% of basal release, respectively, but not from 
the striatum. SCH 23390 1 umol litre’, a D1 
antagonist, significantly inhibited the facilitatory 
effect of ketamine 50 mg kg" on hippocampal 
ACh release (to 241% of basal level). In contrast, 
pentobarbitone 20 and 40 umg kg" decreased 
basal ACh release from both the hippocampus 
by 41% and 69%, respectively, and the striatum 
by 37% and 58%, respectively. The results 
suggest that ketamine and pentobarbitone exert 
opposite effects on ACh release from the rat hip- 
pocampus and that the stimulating effect of 
ketamine may involve dopamine D1 receptors. 
(Br. J. Anaesth. 1996;77:381-384) 


Key words 


Anaesthetics i.v., ketamine. Acetylcholine. Hypnotics bar- 
biturate, pentobarbitone. Braln, hippocampus. Brain, stria- 
tum. Rat. 


Glutamate receptors coupled to ion channels are 
classified into two major groups: those that are pref- 
erentially stimulated by the agonist N-methyl-p- 
aspartate (NMDA) and those that respond preferen- 
tially to other agonists (AMPA/kainate or non- 
NMDA receptors)'. It is generally accepted that 
ketamine, an i.v. general anaesthetic, is a non- 
competitive antagonist of NMDA receptors’*. Keta- 
mine has been termed a “dissociative” anaesthetic 
because patients who receive ketamine alone appear 
to be in a cataleptic state’. The effects of ketamine on 
the gross electrical activity of the brain show marked 
differences from that of “depressant” anaesthetics, 
such as pentobarbitone’. Ketamine increases electri- 
cal activity in the brainstem reticular formation and 
limbic structures but the mechanisms are not yet 
fully understood. 

Neurones releasing acetylcholine (ACh) are dis- 
tributed widely in the brain and may be involved in 
memory, learning and motor functions‘. The hippo- 
campus receives abundant extrinsic cholinergic 
innervation from the medial septal area which 
contains choline acetyltransferase-positive neurones. 
The septo~hippocampal cholinergic system is con- 
sidered to be under the control of dopaminergic neu- 


rones. Indeed, several studies suggest that the 
hippocampus is regulated by dopamine activity, 
primarily at dopamine-1 (D1) receptors and that D1 
agonists increase ACh release in the hippocampus’ *. 
In contrast, the striatum is very important for the 
control of motor activity, and intrinsic neurones of 
the striatum are believed to be mostly GABA 
(gamma-aminobutyric acid)ergic and cholinergic’ ”. 
The most important afferent projections appear to be 
the nigrostriatal dopaminergic pathway and the 
glutamatergic corticostriatal bundle’. We hypoth- 
esize that the differences in anaesthetic mechanisms 
between dissociative and depressant anaesthetics 
may be because of different effects on ACh release in 
several brain regions. 

The aim of this study was to investigate the effects 
of ketamine and pentobarbitone on hippocampal and 
striatal cholinergic neurones, and also to examine the 
relationship between ketamine and D1 receptor 
mechanisms in the rat hippocampus. 


Materials and methods 


We used the microdialysis technique in freely moving 
rats. The study was approved by the Animal Welfare 
Committee of Yokohama City University School of 
Medicine. We studied 61 male, adult Sprague- 
Dawley rats (weighing 250-350 g), anaesthetized 
with sodium pentobarbitone 40 mg kg’ i.p. and 
placed in a stereotaxic apparatus (Model SR-6, Nar- 
isige Scient Instrument Lab., Japan). The guide can- 
nula (CMA 10, Carnegie Medicine, Sweden) for 
penetration of a microdialysis probe was implanted 
stereotaxically into the right hippocampus (coordi- 
nates obtained from the bregma with the skull flat: A: 
-5.6 mm, L: 5.0 mm, V: 3.8 mm from the atlas of 
Paxinos and Watson”) or the right striatum (coordi- 
nates from the bregma : A: 1.0 mm, L: 3.0 mm, V: 4 
mm) and fixed in place with cranioplastic cement. 
After allowing at least 2 days for surgical recovery, 
microdialysis experiments were performed. The 
probe (CMA 11, Carnegie Medicine, Sweden) 
(3-mm long dialysis membrane, od 0.24 mm, 
molecular weight cut-off of 20 000 Da) was inserted 
into the guide cannula during light anaesthesia with 
diethyl ether. Microdialysis probes were perfused 
with Ringer’s solution containing eserine sulphate 10 
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Figure 1 a: Effects of ketamine (K) 25 mg kg™ (O) (n=4), 50 mg kg’ (@) (n=5) and 100 mg kg" (C1) (n=5) i.p. on acetylcholine (ACh) 
release from the rat hippocampus. s: Effect of pentobarbitone (P) 20 mg kg’ (O) (n=4) and 40 mg kg (@) (n=4) i.p. on ACh release 
from the rat hippocampus. *P<0.05 compared with pre-drug values by ANOVA followed by Srudent’s ¢ test. Data are mean, SEM. 


umol litre’ (Wako Pure Chemical Industries Ltd, 
Japan), an inhibitor of choline esterase, at 2.0 pl 
min”, using a microdialysis pump (Model CMA 102, 
Carnegie Medicine, Sweden). Implanted probes 
were pre-perfused with Ringer’s solution for 120 
min, and then every 20-min perfusate was collected 
in chilled polyethylene tubes containing 10 pl of 
ethylhomocholine 1 pmol litre’, an internal standard 
for HPLC measurement. 


The test drugs used for these experiments were: 
ketamine 25-100 mg kg’ i.p. (Sankyo Ltd, Japan), 
pentobarbitone 20-40 mg kg" i.p. (Abbott Laborato- 
ries, USA), MK-801 [ (+)-5-methyl-10, 1 1-dihydro- 
5H-dibenzo [a, d] cyclohepten-5,10-imine hydrogen 
maleate] 1 mg kg" i.p. (RBI: Research Biochemicals 
Incorporated, USA), a non-competitive antagonist of 
the NMDA receptor and non-anaesthetic agent, and 
SCH 23390 1 pmol litre’ (local infusion) (RBI: 
Research Biochemical Incorporated, USA), a D1 
antagonist. A new rat was used for each drug dose 
tested. After four collections, ketamine, pentobarbi- 
tone and MK-~-801 were administered i.p. SCH 
23390 was added to the perfusion solution from the 
start of experiments and continued throughout the 
experiments. 

ACh release was measured by HPLC-ECD using a 
polymeric reversed-phase column (Eicom-pak AC- 
GEL, 6.0x150 mm, Eicom, Japan). An AC- 
Enzympak column (ACh esterase and choline 
oxidase-immobilized, Eicom, Japan) was used to 
convert ACh and choline to hydrogen peroxides, 
which were detected (Model ECD-100, Eicom, 
Japan) at 450 mV. The mobile phase was phosphate 
buffer 100 mmol litre” (pH 8.5), containing tetra- 
methylammonium chloride 65 mg litre’ and decan- 
sulphonic acid sodium salt 200 mg litre’. The limit 
of sensitivity, defined as a signal-to-noise ratio >5, 
was 100 fmol (100 fmol/50-l injection ) for ACh and 
the coefficient of variation (cv) was 2.5% (n=5). 

At the end of the experiments, rats were killed by 
overdose of diethyl ether, and the position of the 
probe in the brain was confirmed by visual 
examination. Percentage recovery of the dialysis 
probes was determined at the end of the experiment 
by dialysing a beaker containing known concentra- 
tions of ACh (here 1 umol litre’) at 37 °C. Recovery 
in vitro=C,,,, /Ci,, where Cour =concentration in the 
perfusate and C,,=concentration in the medium. 
Average ACh recovery through the probes at a flow 
rate of 2 pl min” was 16.2 (SEM 1.5) % (n=11). Basal 
release was obtained from the mean of four initial 


collections before administration of test drugs and 
data are expressed as percentage of basal ACh 
release. The significance of differences between 
mean values was determined by ANOVA followed by 
Student's ¢ test. 


Results 


ACh release was stable for 120 min with baseline 
ACh concentrations in 20-min samples of 1.1 (SEM 
0.2) pmol per sample from the hippocampus (n=39) 
and 6.7 (0.8) pmol per sample from the striatum 
(n=22). 

Figure la and 18 show the effects of ketamine and 
pentobarbitone on ACh release from the hippocam- 
pus. Ketamine 25 and 50 mg kg” i.p. increased ACh 
release from the hippocampus in a concentration- 
dependent manner. The mean maximum increases 
in ACh release by ketamine 25 and 50 mg kg" i.p. 
were 295% and 353% of basal levels, respectively. 
Peak values of the mean increase were measured in 
the second sample after i.p. injection of ketamine 25 
and 50 mg kg” (fraction No. 6), and ACh release 
declined gradually. Ketamine 100 mg kg” increased 
ACh release from the rat hippocampus more slowly, 
but ACh release remained elevated 120 min after i.p. 
administration (fig. 1a). There were no significant 
differences between the effects of ketamine 50 and 
100 mg kg” i.p. in the hippocampus. 

MK-801 1 mg kg” i.p. significantly increased ACh 
release from the rat hippocampus to 338 (22.5)% 
(n=4) of baseline. In contrast, pentobarbitone 20 and 
40 mg kg’ i.p. decreased ACh release from the 
hippocampus in a concentration-dependent manner. 
Mean maximum decreases produced by pentobarbi- 
tone 20 and 40 mg kg" i.p. were 41% and 69% of 
basal levels, respectively (fig. 18). 

In the hippocampus, SCH 23390 1 pmol litre” (a 
D1 antagonist) significantly inhibited the facilitatory 
effect of ketamine 50 mg kg" i.p. (peak value 241% of 
basal levels) (n=4), while SCH 23390 1 pmol litre” 
alone failed to alter ACh release (fig. 2). 

Figure 3a and 3B show the effects of ketamine and 
pentobarbitone on ACh release from the striatum. 
Ketamine 25, 50 and 100 mg kg” i.p. did not affect 
ACh release, while pentobarbitone 20 and 40 mg kg" 
i.p. decreased ACh release by 37% and 58% of basal 
levels, respectively. 


Discussion 


“In vivo” brain microdialysis techniques, coupled 
with a highly sensitive analytical method based on 
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Figure 2 Effect of ketamine (K) 50 mg kg” i.p. (@) (n=5) and 
SCH 23390 1 pmol litre’ (SCH) (local infusion), alone (0) 
(n=7) or in combination (O) (n=6), on ACh release from the rat 
hippocampus. Ketamine was administered i.p. and SCH was 
added to the perfusion solution. *P<0.05 compared with 
pre-drug values by ANOVA followed by Student’s t test; ¢P<0.05 
compared with ketamine 50 mg kg” i.p. by Student’s t test. Data 
are mean, SEM. 


HPLC-ECD, have recently made it possible to meas- 
ure various neurotransmitters in freely moving rats. 
This permits a precise analysis of the effects of vari- 
ous anaesthetic agents on neurotransmission in the 
various brain regions”. For example, previous studies 
indicated that diazepam reduced release of dopamine 
in both the nucleus accumbens and striatum of con- 
scious rats”, and morphine increased release of sero- 
tonin in the rat forebrain'*. Our study examined the 
differential effects of ketamine and pentobarbitone 
on ACh release from the hippocampus and striatum 
using in vivo microdialysis combined with HPLC- 
ECD. 

Pentobarbitone decreased ACh release from the 
rat hippocampus and striatum, which may suggest a 
powerful “depressant” anaesthetic effect of pentobar- 
bitone. Previous studies have shown that benzodi- 
azepine agonists decreased ACh release in the 
hippocampus” or striatum’. In contrast, ketamine 
25-100 mg kg" i.p. increased ACh release from the 
rat hippocampus. Our data demonstrated that the 
facilitatory effect of ketamine 100 mg kg’ was slower 
and sustained, while that of ketamine 25 or 50 mg 
kg’ was monophasic, although the underlying 
mechanisms remain to be determined. 

Cocaine and amphetamine have also been shown 
to increase ACh release from the rat hippocampus”. 
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As cocaine and amphetamine are known to increase 
extraneuroneal concentrations of endogenous 
dopamine in different dopaminergic areas”, it 
appears that, in the hippocampus, ketamine may 
have a facilitatory role in controlling dopamine 
release. Furthermore, it might be suggested that 
these opposite effects of ketamine and pentobarbi- 
tone on ACh release from the rat hippocampus 
underlie the different properties of dissociative and 
depressant anaesthetics. 

ACh release from the rat hippocampus may be 
linked to cognitive function”. Cholinergic projec- 
tions to the hippocampus originate from the 
perikarya in the medial septum and vertical limb of 
the diagonal band of Broca. Cholinergic activity in 
the hippocampus is increased during arousal, defined 
by behaviour or electroencephalography’*. Increased 
levels of hippocampal ACh accompanied by im- 
proved memory were demonstrated. It appears that 
elevated hippocampal cholinergic function may 
improve performance of certain cognitive tasks’. A 
report that ketamine prevented the formation of fla- 
vour memories supports these findings’. Ketamine 
may have a direct effect on learning or memory stor- 
age according to our data and this may be why 
patients anaesthetized with ketamine experienced 
bad dreams. Our study does not allow a clear conclu- 
sion as to the precise mechanism through which 
ketamine increases ACh release from the hippocam- 
pus. However, SCH 23390, a D1 antagonist, signifi- 
cantly attenuated the effect of ketamine on ACh 
release in our study, indicating that the facilitatory 
effect of ketamine might involve D1 receptor mecha- 
nisms, at least in part. Day and Fibiger, and 
Imperato, Obinu and Gessa demonstrated that 
cholinergic activity in the hippocampus is increased 
via D1 receptor mechanisms’ °. 

In the striatum, ketamine did not affect ACh 
release, while pentobarbitone decreased ACh release. 
We have reported that ACh release from the striatum 
was increased via D1 receptor mechanisms and 
decreased via D2/D3 receptor mechanisms” ", It 
might be suggested that ketamine has an important 
role in the regulation of ACh release from the rat 
hippocampal region, but not from the rat striatum, 
indicating regional selectivity between depressant 
anaesthetics such as pentobarbitone. 

The highest density of NMDA receptors is found 
in the hippocampus’. As MK-801also increased ACh 
release in the hippocampus, NMDA block seems to 
underlie the effects of ketamine and is not simply a 
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Figure 3 a: Effects of ketamine (K) 25 mg kg’ (O) (n=4), 50 mg kg” (@) (n=5) and 100 mg kg" (O) (n=5) (i.p.) on acetylcholine (ACh) 


release from the rat striatum. B: Effects of pentobarbitone (P) 


20 mg kg? (O) (n=4) and 40 mg kg” (@) (7=4) i.p. on ACh release from the 


rat striatum. *P<0.05 compared with pre-drug values by ANOVA followed by Student’s t test. Data are mean, SEM. 
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result of different anaesthetic properties. However, 
the in vivo effects of NMDA receptors on the activity 
of cholinergic neurones in the hippocampus are still 
poorly understood. Recent molecular evidence 
showed that block of NMDA receptors increased the 
effects of dopamine on D1 receptors”. Considering 
these results, NMDA receptor antagonists, such as 
ketamine or MK-801, might be expected to increase 
ACh release from the rat hippocampus via D1 recep- 
tor mechanisms. Although our study of the effects of 
ketamine on ACh release needs further elaboration, 
it might help to explain the relationship between 
NMDA and D1 receptors in the rat hippocampus. 

In summary, ketamine increased ACh release from 
the hippocampus, but not from the striatum, while 
pentobarbitone decreased ACh release from both the 
hippocampus and striatum. These results may 
underlie the differences between dissociative and 
depressant anaesthetics. Further, our data showed 
that the stimulatory effect of ketamine on ACh 
release from rat hippocampus may involve dopamine 
D1 receptors. 
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I.v. anaesthetic agents do not interact with the verapamil binding site 
on L-type voltage-sensitive Ca” channels 


K. HiroTa AND D. G. LAMBERT 


Summary 

In this study we have examined if the i.v. anaes- 
thetic agents thiopentone, pentobarbitone, keta- 
mine, etomidate, propofol and alphaxalone 
interact with the verapamil binding site on 
L-type voltage-sensitive Ca* channels in rat cer- 
ebrocortical membranes. Binding assays were 
performed in 1 ml volumes of Tris HCI 50 mmol 
litre’, pH 7.4, for 90 min at 20 °C, with cerebro- 
cortical membranes (200 pg of protein), the vera- 
pamil binding sites of which were radiolabelled 
with [SH]verapamil. Non-specific binding was 
defined in the presence of verapamil 10° mol 
litre’, The interaction of i.v. anaesthetics was 
determined by displacement of [H]verapamil 0.2 
nmol litre’. The mean concentrations of anaes- 
thetic producing 25% inhibition of specific bind- 
ing (corrected for the competing mass of 
[H]verapamil), K,, were (mmol litre’): thiopen- 
tone 0.68 (sem 0.14); pentobarbitone 1.22 (0.13); 
propofol 0.66 (0.10); etomidate 0.24 (0.03); 
alphaxalone 0.19 (0.02); and ketamine 0.75 
(0.04). These concentrations exceeded those 
seen during anaesthesia and suggest that the 
neuronal verapamil binding site may not be an 
important target for i.v. anaesthetic agents. (8r. 
J. Anaesth. 1996;77:385-386) 
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We have suggested previously that the dihydropyrid- 
ine (DHP) binding site on neuronal L-type voltage- 
sensitive Ca** channels (VSCC) may be a target site 
for i.v. anaesthetic agents’. It is not known if other 
binding sites on the L-type VSCC, such as verapamil 
or diltiazem sites, are also involved. However, Maze 
and colleagues reported that verapamil significantly 
augmented anaesthetic potency (see Hirota and 
Lambert'*). As the verapamil binding site resides, 
together with the DHP binding site, on the a, subu- 
nit of the channel, we have examined if this site is a 
target for i.v. anaesthetic agents. 


Materials and methods 

Female Wistar rats (250-300 g) were stunned and 
then decapitated. The brain was removed rapidly, the 
cerebrocortex detached from its internal structures, 
and homogenized at 4 °C using a tissue Tearor (set- 


ting 5,5x30-s bursts) in Tris HCI 50 mmol litre’, pH 
7.4. The homogenate was centrifuged at 18 000 g for 
10 min and the pellet resuspended in Tris HCl 
buffer. This procedure was repeated three times. 
Membranes were frozen in aliquots at —40 °C. 

All binding assays were performed in 1 ml volumes 
of Tris HCl buffer for 90 min at 20 °C using approxi- 
mately 200 ug of cerebrocortical membrane protein. 
In order to determine if an i.v. anaesthetic agent 
interacts with the verapamil binding site on neuronal 
L-type VSCC, the binding site was labelled with 
[PH] verapamil ([N-methyl-’H]-verapamil hydrochlo- 
ride, 60.8 Ci mmol"). Increasing concentrations of 
i.v. anaesthetic agents as unlabelled displacers were 
then added. Displacement of PH]verapamil binding 
by i.v. anaesthetic agents indicates that they are 
interacting at the same site as the radiolabel. A fixed 
concentration of PH]verapamil (0.2 nmol litre’) was 
displaced by the following unlabelled anaesthetics: 
thiopentone (n=6: 3x10*-10° mol litre’), pentobar- 
bitone (n=6: 3x10*-10° mol litre), ketamine (n=6: 
10*-107 mol litre”), etomidate (n=6: 10*-3x10* mol 
litre”), propofol (n=6: 3x10°%-10° mol litre’) and 
alphaxalone (n=6: 10*-3x10* mol litre’). Stock solu- 
tions were made as follows: thiopentone (100 mmol 
litre’ stock in NaOH 0.1 mol litre"), pentobarbitone 
(50 mmol litre’ stock in distilled water), propofol 
(100 mmol litre’ stock in DMSO), alphaxalone (50 
mmol litre’ stock in DMSO), etomidate (50 mmol 
litre’ stock in HC] 0.1 mol litre’) and ketamine (500 
mmol litre’ stock in distilled water). Appropriate sol- 
vent concentrations were added to control tubes. 
Non-specific binding was defined in the presence of 
excess (10° mol litre’) verapamil (25 mmol litre’ 
stock in distilled water). 

After incubation, each sample was filtered under 
vacuum through Whatman GF/B filters using a 
Brandell cell harvester to separate bound and free 
radioactivity. Filter retained (bound) radioactivity 
was extracted for at least 8 h in 4 ml of scintillation 
fluid and then estimated using a beta scintillation 
counter. The estimated radioactivity was quench 
corrected with an average [H] counting efficiency of 
60.4%. The highest anaesthetic concentration used 
was usually limited by agent solubility. 

The concentration of displacer producing 25% 
and 50% displacement of specific binding (Cj, and 
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Table 1 Effects of i.v. anaesthetic agents on ["H] verapamil 
binding (mean (sEM), n=6. *Peak plasma concentration during 
anaesthesia (see Hirota and Lambert’) 


Plasma 
Kas Kyo (umol 

Agent (mmo! litre”) (mmol litre’) _litre)* 
Thiopentone 0.68 (0.14) 1.29 (0.19) 83 
Pentobarbitone 1.22 (0.13) 4.86 (0.94) 155 
Propofol 0.66 (0.10) 1.04 (0.08) 39 
Etomidate 0.24 (0.03) 0.49 (0.07) 4.1 
Ketamine 0.75 (0.04) 1.52 (0.13) 8.0 
Alpaxalone 0.19 (0.02) 0.36 (0.06) 7.5 


IC5o) was calculated by computer-assisted curve fit- 
ting (Graphpad-Prism) and corrected for the com- 
peting mass of PH]verapamil using a K, of 94 nmol 
litre” ’, according to Cheng and Prusoff‘, to yield the 
affinity constants (Kj, and K,,.). All data are 
expressed as mean (SEM). 


Results 


All i.v. anaesthetics displaced specific PH]verapamil 
binding in a dose-dependent manner. Kj, and Kso 
values are shown in table 1. These concentrations 
exceeded those seen during anaesthesia. 


Discussion 


Two studies'* have suggested that L-type VSCC may 
be involved in the mechanism of general anaesthesia 
because L-type VSCC blockers enhanced anaes- 
thetic potency. Previous work from our laboratory’ 
indicated that DHP binding sites on neuronal L-type 
VSCC may be a target site for i.v. anaesthetic agents. 
We hypothesized that i.v. anaesthetic agents should 
interact with the verapamil binding site as we have 
shown previously an interaction with the DHP bind- 
ing site. Both verapamil and DHP sites reside on the 
a, subunit of the channel, although at different 
structural motifs’. Our data clearly demonstrated 
that the verapamil binding site is not an important 
target for i.v. agents as the Kz, (and Ko) exceeded 
the plasma concentration seen during anaesthesia 
(see Hirota and Lambert’’). K,, values are quoted in 
addition to Ks, values, as clinically relevant concen- 
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trations of many anaesthetic agents depress Ca” 
entry by 20-30%’. Collectively, our data suggest that 
a specific region of the L-channel may act as a target 
for i.v. agents. 

However, verapamil has been reported to decrease 
the MAC for halothane in dogs and significantly 
augment the anaesthetic potency of dexmedetomi- 
dine or ketamine (see Hirota and Lambert'’). 
Chikhale, Burton and Borchard‘ suggested that vera- 
pamil caused a significant increase in the permeabil- 
ity of the blood-brain barrier, although verapamil 
itself does not pass the blood-brain barrier. There- 
fore, this enhancement of anaesthetic potency may 
not be a direct interaction with the channel (consist- 
ent with our data) but may simply enhance agent 
delivery to the CNS target site(s). 

In conclusion, these data indicate that i.v. anaes- 
thetic agents are unable to interact with the 
verapamil binding site on L-type VSCC at clinically 
relevant concentrations. 
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Flow cytometry evaluation of the in vitro influence of four i.v. 
anaesthetics on respiratory burst of neutrophils 


J. Heme, M. Leuwer, D. SCHEINICHEN, L. ARSENIEV, K. JAEGER AND S. PIEPENBROCK 


Summary 

Exposure of neutrophils to anaesthetic agents 
may alter their functional characteristics and in 
patients undergoing long-term sedation this 
may be clinically relevant. We have investigated 
the in vitro influence of propofol, thiopentone, 
methohexitone and midazolam on phorbol 12- 
myristate 13-acetate (PMA)-induced respiratory 
burst of neutrophils by the intracellular oxidative 
transformation of dihydrorhodamine-123 to the 
fluorescent dye rhodamine-123 via flow cyto- 
metry. We tested in vitro concentrations similar 
to sedating, anaesthetic, 10-fold sedating and 
10-fold anaesthetic plasma concentrations. All 
drugs showed similar inhibition of respiratory 
burst at sedating concentrations (1-6%). At 
anaesthetic concentrations, propofol produced 
significantly higher mean inhibition (7.3%) com- 
pared with thiopentone (4.5%) and methohexi- 
tone (0.9%). At 10-fold anaesthetic concentra- 
tions inhibition of respiratory burst by propofol 
was almost complete (90.8%) and significantly 
higher than that by thiopentone (29.2%) and 
methohexitone (1.8%). Methohexitone and mi- 
dazolam had only minimal effects at all concen- 
trations. The effect of the solvent of propofol 
(10% Intralipid) was similar to that of propofol. 
Thus suppression of respiratory burst of neu- 
trophils by propofol may be caused by this lipid 
carrier. (Br. J. Anaesth. 1996;77:387-392) 
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Blood neutrophils are one of the major cell 
populations acting against microbial infections. 
Alteration of neutrophil function by i.v. anaesthetics 
is currently under intensive laboratory investigation’. 
O’Donnell and colleagues found significant suppres- 
sion of neutrophil polarization by propofol and thio- 
pentone, which is a change in morphology as a 
response to a chemotactic stimulus’. Another group 
described a decrease in chemotaxis produced by pro- 
pofol and its lipid carrier Intralipid after zymosan 
stimulation’. 

Another important aspect for bacterial Killing is 
neutrophil respiratory burst. The respiratory burst 
enzyme in the plasma membrane of neutrophils 


catalyses the oxidation of NADPH which leads to the 
production of superoxide anion. This production of 
oxygen radicals is responsible for Killing phagocy- 
tosed micro-organisms**, The importance of respira- 
tory burst for defence of bacterial infections is 
evident in patients with chronic granulomatous 
disease, which is a congenital disturbance of respira- 
tory burst enzyme activity. These young patients suf- 
fer from recurrent severe bacterial infections because 
their phagocytes are unable to produce superoxide 
anion, or at best produce only very low levels’. Thus 
it is possible that impairment of neutrophil respira- 
tory burst by i.v. anaesthetics may be hazardous, 
especially for intensive care patients at risk. 

Rothe, Oser and Valet have shown that oxygen 
radical production during respiratory burst can be 
quantified in real-time with multiparameter flow 
cytometry (MFC) using the dye dihydrorhodamine- 
123 (DHR) which reacts with free radical-derived 
oxidants to become the brightly green fluorescent 
thodamine-123 (rho-123)*, MFC simultaneously 
assesses five variables per measured event: relative 
cell (particle) size, density (granularity) and three 
fluorescences, representing surface, intracellular or 
cell cycle characteristics. Compared with chemilumi- 
nescence, which estimates only non-specific oxygen 
radical generation, the methodology of this study has 
the advantage of assessing specific intracellular 
oxygen radical production by plasma membrane res- 
piratory burst oxidase of a certain cell population 
such as neutrophils. 

Thus we have evaluated if propofol, thiopentone, 
methohexitone or midazolam can modulate phorbol 
12-myristate 13-acetate (PMA)-induced respiratory 
burst of human neutrophils. The concentrations of 
the drugs tested in vitro were adjusted to be similar to 
plasma concentrations reported for anaesthesia or 
sedation and also 10-fold higher concentrations’’. As 
propofol is dissolved in 10% Intralipid for i.v. use and 
it has been reported that parenteral lipid emulsions 
can influence the cellular immune response”, we 
also investigated the effect of 10% Intralipid on 
respiratory burst. 
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Subjects and methods 


The study was approved by the Institution Ethics 
Committee. Informed consent was obtained from 
the blood donors. 


ANAESTHETIC AGENTS 


Different concentrations of propofol (Disoprivan, 
ICI Pharma, Plankstadt, Germany), its lipid carrier, 
10% Intralipid (Pharmacia, Erlangen, Germany), 
thiopentone (Trapanal, Byk Gulden, Konstanz, Ger- 
many), methohexitone (Brevimytal Natrium, Eli 
Lilly, Bad Homburg, Germany) and midazolam 
(Dormicum, Hoffmann-La Roche, Grenzach- 
Wryhlen, Germany) on neutrophil respiratory burst 
were studied. As midazolam is suitable for anaesthe- 
sia only in combination with other agents, there are 
no anaesthetic plasma concentrations defined. Thus 
midazolam was analysed only at reported sedating 
doses. Thiopentone and methohexitone were pur- 
chased as dry material and dissolved in isotonic 
saline solution (0.9% NaCl). The desired concentra- 
tions of all tested drugs were standardized with 
phosphate-buffered saline (PBS, Dulbeco’s without 
Ca” and MgCl, Gibco BRL, Eggenstein, 
Germany). 


SAMPLE PREPARATION 


Heparinized (10 u. ml’, Liquemin N, Hoffmann-La 
Roche, Grenzach-Wyhlen, Germany) venous blood 
samples (3 ml) were obtained from healthy blood 
donors (n=20). Blood was layered on equal Ficoll 
quantity (Ficoll-Paque: density 1.077 g di’, Bio- 
chrom, Berlin, Germany). PBS was portioned (1 ml) 
and warmed to 37 °C. The nucleated blood cells of 
the supernatant were harvested after 1 g sedimenta- 
tion at 22 °C for 45 min and resuspended in PBS. 
Then 30 ul of the leucocyte sample (containing 5x10 
cells ml’) and DHR 15 ul (1x10* mol, MoBiTec, 
Goettingen, Germany) were added to the PBS and 
incubated at 37 °C for 5 min. Subsequently, the cell 
suspensions were incubated with the drug and 
concentrations tested at 37 °C for 10 min. Neu- 
trophils from the samples were stimulated with PMA 
10 ul (1x10* mol, Sigma, Deisenhofen, Germany) at 
37 °C for 20 min. Stimulation was then terminated 
by transferring the samples onto ice. Viability 
discrimination was performed by addition of propid- 
ium iodide (PD 10 pl (3x10° mol, Serva, Heidelberg, 
Germany) just before measurement. Internal positive 
(fall PMA stimulation) and negative (no PMA) con- 
trols for each sample were carried out without addi- 
tion of the tested substances. Full stimulation of neu- 
trophil respiratory burst for the positive controls was 
titrated and considered 1x10° mol PMA (data not 
shown). 


MULTIPARAMETER FLOW CYTOMETRY 


Samples were analysed on a fluorescence-activated 
cell scanner (FACScan, Becton Dickinson Immuno- 
cytometry Systems- BDIS, Heidelberg, Germany). A 
minimum of 15 000 events per sample were ac- 
quired, The flow cytometer was equipped with an 
argon ion laser, adjusted to an excitation wavelength 
of 488 nm and 0.5 W. Rho-123 fluorescence 
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emission was filtered and acquired from the corre- 
sponding photomultiplier (FL1) in the band spec- 
trum 515-545 nm. The photomultiplier for FL2 and 
FL3 was used for acquisition of PI emission over the 
range 563-607 nm. Forward light scatter (FSC), 
sideward light scatter (SSC) and fluorescence signals 
were adjusted with the negative and positive control 
samples. SSC data were collected in linear mode 
whereas FSC and the fluorescences were collected in 
logarithmic amplification mode without compensa- 
tion. A relatively high threshold level of FSC 
(channels >10°) was set to exclude erythrocytes and 
cell debris. Data files were stored in list mode using 
FACScan software and analysed with the PC-Lysis 
software (BDIS). Two analytical gates were used for 
precise discrimination of the desired neutrophils (fig. 
la, c and D). Briefly, neutrophils were included by 
setting an arbitrary leucocyte right-angled gate in 
FSC vs SSC (fig. 1a). Further restriction of 
neutrophils was performed after zooming leucocytes 
(R1) in the same dot plot (fig. 18), as shown 
elsewhere’. Additionally, dead cells were gated and 
excluded (R2) because of the high fluorescence in 
FL3 as a result of intracellular PI content (fig. Ic). 
Thus inhibition of neutrophil respiratory burst was 
estimated on approximately 5000 remaining events 
using the negative and positive controls, and an 
appropriate threshold in SSC vs FL1 (fig. 1p). 


CALCULATION AND STATISTICS 


The percentage of respiratory burst inhibition by the 
drugs was calculated using the formula: 
% inhibition=((positive control)—(tested drug)/ 
total viable neutrophils)x100 
where positive control=number of rho-123 positive 
events by full stimulation with PMA; negative 
control=number of rho-123 positive events without 
stimulation with PMA and without drug; tested 
drug=number of rho-123 positive events by stimula- 
tion with PMA in the actual drug incubated sample; 
viable neutrophils=PI negative neutrophils. 

As numeric data showed a Gaussian distribution, 
descriptive statistics, mean (sD), paired two-tailed 
Student’s ¢ test for inter-group significance (P<0.05, 
95% confidence intervals) and Forman’s regression 
were used for statistical analysis of the flow 
cytometry data (n=20 for each drug and concentra- 
tion). Otherwise, the non-parametric Mann- 
Whitney U test was used (SPSS/PC V6.01 software 
package, SPSS, Munich, Germany). 


Results 


Overall inhibition of neutrophil respiratory burst by 
propofol, thiopentone, methohexitone and mida- 
zolam is illustrated in figures 2 and 3. The 
percentages of PI positive neutrophils were low for all 
drugs and concentrations tested (<5%), 


SEDATING AND 10-FOLD SEDATING DOSES (FIG. 2) 


All drugs showed identical low mean inhibition of 
respiratory burst at the corresponding sedating con- 
centrations (1% and 6%). At 10-fold sedating doses, 
propofol 30 pg ml" produced significantly (P<0.001) 
more inhibition (68.6 (11.2)%) compared with the 
three other drugs. Thiopentone 200 pg ml” inhibited 
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Figure 1 Adjustment of the flow cytometer for acquisition of the desired events (a, c and D) and analysis of neutrophil respiratory burst 
inhibition (a-p). a: FSC vs SSC is depicted as acquired on the flow cytometer. B: Zoomed and localized leucocyte subgroups (R1 
granulocytes). c: Exclusion of PI positive cells (R2). D: Threshold setting by overlaying the internal positive and negative control, and by 


using the gate combination R1 and not R2. 


respiratory burst more (14.6 (10.7)%) than metho- 
hexitone 50 ug mI" (1.3 (1.4)%) and midazolam 6 pg 
ml" (3.4 (3.9)%) at 10-fold sedating concentrations 
(P<0.001). The difference between methohexitone 
and midazolam was also significant (P<0.05). 


ANAESTHETIC AND 10-FOLD ANAESTHETIC DOSES (FIG. 3) 


At concentrations normally required for anaesthesia, 
the following significant differences were observed: 
propofol 6 ug mI” and thiopentone 40 ug ml” 
produced greater suppression (7.3 (6.0)% and 4.5 
(5.3)%, respectively) (P<0.001) than methohexitone 
10 pg mi’ (0.9 (1.6)%). At the highest (10-fold 
anaesthetic) concentrations, inhibition by propofol 
60 ug ml’ was almost complete (90.8 (3.9)%) and 
greater (P<0.001) than that by thiopentone 400 pg 
ml? (29.2 (15.1)%) and methohexitone 100 pg mI" 
(1.8 (1.7)%), which had only minimal effects. 
Significant correlations (P<0.001) for the four 
concentrations with inhibition of respiratory burst 
were observed with propofol (0.93) and thiopen- 
tone (r=0.72). Methohexitone did not inhibit respi- 
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Figure 2 Percentage inhibition of neutrophil respiratory burst 
produced by propofol (open bars) 3 and 30 ug mI", thiopentone 
(dark shaded bars) 20 and 200 pg ml", methohexitone (solid 
bars) 5 and 50 ug mi” and midazolam (light grey bars) 0.6 and 
6 pg ml” at concentrations likely to be required for sedation and 
10-times these concentrations?®. 
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Figure 3 Percentage inhibition of neutrophil respiratory burst 
produced by propofol (open bars) 6 and 60 pg mf", thiopentone 
(shaded bars) 40 and 400 pg mI! and methohexitone (solid bars) 
10 and 100 pg mI" at concentrations likely to be required for 
anaesthesia and 10-times these concentrations? °. 


ratory burst in a dose-related manner. The four vol- 
umes of 10% Intralipid (0.3, 0.6, 3 and 6 ul ml”), 
which were carrying corresponding concentrations of 
propofol 3, 6, 30 and 60 ug ml", inhibited respiratory 
burst to the same extent and with significant correla- 
tions between the dose inhibition relations of propo- 
fol (r=0.93) and 10% Intralipid (r=0.90). There were 
no significant differences between the effects of both 
drugs (fig. 4). 

Only in samples incubated with the highest 
concentration (10-fold anaesthetic) of propofol (60 
ug ml', 452(75)) and with the equivalent volume of 
10% Intralipid (6 pl ml', 443(80)) was there a 
significant decrease in mean side scatter signal inten- 
sity compared with the negative control (mean chan- 
nel numbers 550 (sp 143)) (fig. 5). 


Discussion 


METHODOLOGY 


We have studied the im vitro effects of thiopentone, 
methohexitone, midazolam and propofol on respira- 
tory burst of neutrophils from healthy blood donors 
after PMA stimulation via multiparameter flow 
cytometry (MFC). The discrepancy between the 
published data on the influence of different drugs on 
in vitro neutrophil function is probably because of the 
variety of techniques used and the sensitivity and fra- 
giliry of neutrophils. The applied MFC technique 
has different advaritages compared with other meth- 
odologies measuring non-specific oxygen radical 
production, such as chemiluminescence. With the 
present MFC technique it is possible to measure the 
direct effects on the responsible enzyme complex, the 
intracellular respiratory burst oxidase. Moreover, 
only the intracellular oxygen radical content of one 
selected cell population is investigated and several 
variables of each cell are evaluated at the same time. 
In this study, five variables of 15 000 cells for each 
sample were assessed and four variables of approxi- 
mately 5000 viable neutrophils were analysed. Thus 
the high number of analysed events resulted in data 
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Figure 4 Regression analysis of dose-response relationship of 
and between propofol (W) G=0.93, P<0.001) and its lipid carrier 
vehicle 10% Intralipid (A) (r=0.9, P<0.001). In vitro 
concentrations of propofol (solid line) likely to be required in, 
plasma during sedation, anaesthesia and 10 times these 
concentrations (3, 6, 30 and 60 pg mI") and the respective 
volumes of 10% Intralipid (broken line) (0.3, 0.6, 3 and 6 pl 
mf")?*, 


with low coefficients of variation. The objectivity of 
the procedure was maintained by repeated device 
adjustment and the use of external and internal posi- 
tive and negative controls. Cell toxicity as a possible 
explanation for the effects of the drugs studied was 
excluded by staining with fluorochrome propidium 
iodide (PI). PI can only attach to cellular DNA after 
destruction or disintegration of cell membranes, usu- 
ally subsequent to cell death™*. Only PI-negative cells 
(i.e, viable cells) were included in the estimation. 


THIOPENTONE 


The thiobarbiturate thiopentone produced dose- 
related suppression of respiratory burst. The highest 
mean suppression of up to 30% was reached with 
10-fold the concentrations found in plasma during 
anaesthesia. The oxybarbiturate methohexitone had 
only minimal effects at all concentrations studied, 
without any dose-effect correlation. A former study 
showed that thiopentone suppressed 
N-formylmethionyl-leucyl-phenylalanine (FMLP)- 
induced neutrophil chemiluminescence and chemo- 
taxis, even at plasma concentrations in the therapeu- 
tic range”. Suppression of neutrophil migration and 
chemiluminescence by thiobarbiturates was 10-100 
stronger than that by oxybarbiturates and was attrib- 
uted to the sulphur atom in the thiobarbiturate mol- 
ecule’*, Additionally, lymphocyte functions such as 
mitogen-induced blast transformation and cell pro- 
liferation appeared to be markedly more impaired in 
the presence of thiopentone than other barbiturates”. 
Eberhardt and colleagues reported an increase in 
pulmonary infections of up to 40% in patients with 
brain oedema undergoing mechanical ventilation and 
receiving thiopentone. Higher doses of thiopentone 
were associated with development of infections”. 
The reported observations and our observed sup- 
pression of intracellular oxygen radical production by 
thiopentone may favour the use of oxybarbiturates in 
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Figure 5 Decrease in SSC signals of neutrophils incubated with 10-fold anaesthetic doses of propofol (60 pg ml") compared with the 
negative control. a (negative control) and c (propofol 60 ug ml") are depicted as acquired on the flow cytometer. Changing FSC from 
logarithmic to linear scale and gating the neutrophils (R1) leads to figures s (negative control) and D (propofol 60 pg ml"). The SSC 
signals were decreased from B to C. As estimated in a SSC histogram over the gated neutrophils (R1), peak, mean (sp) and median 
channel numbers were as follows: 456, 452 (75) and 450 for propofol, and 553, 550 (143) and 550 for the negative control, respectively. 


induced barbiturate coma during brain oedema than 
thiobarbiturates. 


MIDAZOLAM 


The influence of midazolam on respiratory burst 
after PMA stimulation was negligibly low. Finnerty 
and colleagues described stimulus-dependent inhibi- 
tion of superoxide anion production by benzodi- 
azepines measured by chemiluminescence. Benzodi- 
azepines specifically repressed FMLP- but not 
PMA-stimulated neutrophil superoxide anion pro- 
duction”. Stimulation by FMLP is receptor- 
mediated by a formyl peptide receptor on the surface 
of the neutrophil granulocytes, whereas PMA 
activates respiratory burst oxidase through its ability 
to stimulate protein kinase Cf. Suppression of 
neutrophil respiratory burst oxidase by benzodi- 
azepines was found to be mediated by a specific 
peripheral receptor”. Thus stimulation with FMLP 
may not correlate with PMA stimulation. However, 
the clinical relevance of this phenomenon remains 
unclear. 


PROPOFOL 


Propofol produced the greatest inhibition of respira- 
tory burst with tested concentrations. At 10-fold 
anaesthetic concentrations, suppression was almost 
complete (90.8%). It is not clear if the effects of pro- 
pofol on leucocyte function are induced by its lipid 
carrier, 10% Intralipid. In a previous study, propofol 
was found to suppress whereas 10% Intralipid 
augmented neutrophil polarization’, which is in con- 
trast with another study, where propofol and 10% 
Intralipid suppressed neutrophil chemotaxis’. 


INTRALIPID 


We found that propofol and equal volumes of 10% 
Intralipid inhibited respiratory burst to the same 
extent and with a significant dose-response correla- 
tion. Thus the effects of propofol on respiratory burst 
may be attributed to its lipid carrier. Moreover, it is 
well known that parenteral lipid emulsions suppress 
some aspects of leucocyte function. Numerous 
authors have described impairment of antimicrobial 
defence’, chemotaxis” and T cell-mediated 
immunity” “7. Additionally, accumulation of parti- 
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cles was described in the cytoplasm of neutrophils, 
which correlated with reduced cell function after 
parenteral i.v. lipid infusions“. This observation cor- 
relates with the fact that polyunsaturated fatty acids 
can be incorporated rapidly into cell membranes” 
and increase membrane rigidity”. 

Intralipid 10% is composed of high concentrations 
of long chain triglycerides (LCT) containing unsatu- 
rated fatty acids. The increase in membrane rigidity 
in the presence of LCT may result in the observed 
reduction in chemotactic properties. These changes 
in membrane structure may also provide an explana- 
tion for the decrease in SSC signals of neutrophils 
found in this study, because SSC characterizes cell 
granularity, density or membrane folding. This 
decline was observed only with the highest concen- 
trations of propofol (10-fold anaesthetic dose, 60 ug 
ml’) and the corresponding volume of 10% Intrali- 
pid (6 ul ml”) alone. Cell death and a coating 
phenomenon were excluded, because both fluores- 
cences (FL 1 and 3) were not influenced. Many 
studies and the results of our study suggest that 
parenteral lipid emulsions can inhibit some leucocyte 
functions. 
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Atrioventricular conduction during adenosine-induced hypotension in 


dogs anaesthetized with sevoflurane 
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Summary 

We have studied the effects of adenosine- 
induced hypotension on A-H interval (atrioven- 
tricular (AV) nodal conduction time during sinus 
rhythm), St-H interval (intra-atrial plus AV nodal 
conduction time during atrial pacing), H-V inter- 
val (His—Purkinje conduction time) and H-S inter- 
val (total ventricular conduction time) by His- 
bundle electrocardiography in addition to 
surface electrocardiogram during both sinus 
rhythm and atrial pacing in nine dogs anaesthe- 
tized with 1 MAC of sevoflurane. Stepwise 
increases in infusion rates of adenosine to 0.1, 
0.3, 0.5 and 1.0 mg kg min" produced a 
dose-related decrease in mean arterial pressure 
from 91 (6) to 38 (2) mm Hg. Adenosine 
significantly increased the A-H interval at infu- 
sion rates of 0.5 mg kg“ min“ and above, and the 
St-H interval at 1.0 mg kg” min“. The H-V and H-S 
intervals remained unchanged. Heart rate de- 
creased significantly only at 1.0 mg kg’ min“ 
with a significant increase in the PR interval. 
Adenosine-induced hypotension did not have 
deleterious effects on AV conduction times and 
the surface electrocardiogram in dogs anaesthe- 
tized with 1 MAC of sevoflurane. This may 
indicate that the effects of adenosine on AV con- 
duction were small and therefore are unlikely to 
be a contraindication to the use of adenosine for 
inducing hypotension in patients with initially 
normal conduction during sevoflurane anaes- 
thesia. (Br. J. Anaesth. 1996;77:393-398) 
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Adenosine has been used as a hypotensive agent dur- 
ing major surgery’. Unlike other hypotensive agents 
such as sodium nitroprusside and trinitroglycerin, 
adenosine is a naturally occurring purine nucleoside 
and produces rapid and stable hypotension without 
evidence of biochemical or haematological toxicity’. 
Tachyphylaxis and rebound hypertension have not 
been reported after induced hypotension with 
adenosine’”. In addition, adenosine has an extremely 
short half-life (10-30 s) because of rapid uptake into 
cells, resulting in rapid termination of action when 
administration is discontinued‘. 


Although adenosine has been shown to cause 
depression of sinus node automaticity’ ° and atrio- 
ventricular (AV) nodal conduction în vitro’, it is 
known to be highly effective clinically in terminating 
re-entrant tachycardia involving the AV node”. How- 
ever, there has been no study on the electrophysi- 
ological effects of adenosine on the cardiac conduc- 
tion system in the presence of inhalation 
anaesthetics. 

Sevoflurane provides rapid control of arterial pres- 
sure as a result of its low blood solubility” ? and it has 
no adverse cardiac electrophysiological effects”. 
Therefore, a combination of sevoflurane and adenos- 
ine may be used to safely induce hypotension. 

We have studied atrioventricular conduction and 
the surface electrocardiogram during adenosine- 
induced hypotension in dogs anaesthetized with 
sevoflurane. 


Materials and methods 


ANIMAL PREPARATION 


The study was approved by the management 
committee of the Jichi Medical Laboratory of 
Experimental Medicine, based on the school’s 1993 
Guide for Laboratory Animals. 

Anaesthesia was induced in nine mongrel dogs, 
weighing 13-21 kg (mean 16.6 kg), by insufflating 
3—5% (1.3-2.1 MAC) sevoflurane via a funnel- 
shaped plastic mask fitted to the dog’s face 
connected to a Jackson~Rees circuit. The trachea was 
intubated and ventilation was adjusted to maintain 
normocapnia with a Harvard pump respirator (R-60, 
Aika, Co., Ltd). 

Anaesthesia for surgical preparation was main- 
tained with 2-3% end-tidal concentrations of 
sevoflurane and 50% nitrous oxide in oxygen 
delivered into the inspiratory limb of a Harvard 
pump respirator. Sevoflurane was vaporized using a 
Sevotec vaporizer (Penlon Inst., Ltd). A 
micromanometer-tipped catheter (7F 45326, Toyoda 
Instr., Ltd) was inserted via the left femoral artery 
into the abdominal aorta to measure systolic (SAP), 
diastolic (DAP) and mean (MAP) arterial pressures. 
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A catheter was inserted into the abdominal aorta via 
the right femoral artery to sample arterial blood for 
measurement of pH, Pao, Paco, and serum electro- 
lyte concentrations. Lactated Ringer’s solution was 
infused at a rate of 5-10 ml kg’ h“ via the left femo- 
ral vein throughout the study. Body temperature was 
measured with an oesophageal thermistor and main- 
tained at 36-37 °C using an external heating blanket. 

A right thoracotomy was performed at the fifth 
intercostal space. A quadripolar electrode catheter 
introduced via the right femoral vein was positioned 
under manual control across the tricuspid valve to 
obtain a stable His-bundle electrogram (HBE). The 
His-bundle catheter electrodes were connected to a 
switch box that allowed selection of any combination 
of two electrodes. The output of the switch box was 
connected to a preamplifier with bandwidth cutoff 
frequencies of 40-1000 Hz. The electrodes of the 
surface electrocardiogram (ECG: lead I ana V5) 
were connected to another preamplifier with a filter 
bandwidth of 0.1-120 Hz. The output from each 
preamplifier was recorded on a thermal recorder 
(8M15, NEC San-ei, Ltd, Tokyo, Japan) at a paper 
speed of 100 mm s”. Heart rate was determined by 
counting QRS complexes over 10 s. Arterial 
pressures and surface ECG were recorded on a mul- 
tichannel recorder (Recti-Horiz-8K, NEC San-ei, 
Ltd, Tokyo, Japan). 

HBE was recorded at a paper speed of 500 mm s" 
to calculate AV conduction intervals with 1.0-ms 
resolution (Visigraph 5137, NEC San-ei, Ltd, 
‘Tokyo, Japan). An electrode for atrial pacing was 
attached to the surface of the right atrial appendage. 
An R-wave coupled cardiac stimulator (3F61, NEC 
San-ei, Instr., Ltd) delivering rectangular mono- 
phasic pulses of 1 ms duration was used for all atrial 
pacing. 


ELECTROCARDIOGRAPHIC AND HLECTROPHYSIOLOGICAL 
MEASUREMENTS 


RR, PR and St-R intervals, QRS duration and QT 
interval were measured from ECG lead II. The PR 
interval during sinus rhythm was measured from the 
onset of the P wave to the onset of the Q wave of the 
QRS complex. The St-R interval during atrial pacing 
was measured from the beginning of the stimulus 
artefact (St) in the HBE to the onset of the Q wave of 
the QRS complex. The QT interval was corrected for 
heart rate by dividing the QT interval by the square 
root of the RR interval (s) to obtain the QTc 
interval", 

AV conduction times measured were as follows: 
A-H interval (AV nodal conduction time during 
sinus rhythm); St-H interval (intra-atrial plus AV 
nodal conduction time during atrial pacing); H-V 
interval (His—Purkinje conduction time); and H-S 
interval (total ventricular conduction time). The 
A-H interval was measured from the beginning of 
atrial deflection to the beginning of the His-bundle 
spike in the HBE”. The St-H interval was measured 
from the beginning of the St to the beginning of the 
His-bundle spike in the HBE". The H-V interval was 
measured from the beginning of the His-bundle 
spike to the beginning of the ventricular deflection in 
the HBE”. The H-S interval was measured from the 
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Figure 1 Surface electrocardiogram (ECG, lead I) and 
His-bundle electrogram (HBE) during sinus rhythm. The A-H 
and PR intervals were prolonged significantly with an infusion of 
adenosine 1.0 mg kg! min’ compared with control. A=Atrial 
deflection; H=His-bundle spike; V=ventricular deflection; A-H 
(atrioventricular nodal conduction time)=interval from the 
beginning of atrial defiection to the beginning of the His-bundle 
spike in the HBE; H-V (His—Purkinje conduction time)=interval 
from the beginning of the His-bundle spike to the beginning of 
the ventricular deflection in the HBE; H-S (total ventricular 
conduction time)= interval from the beginning of the His-bundle 
spike to the end of the rapid ventricular deflection in the HBE. 


beginning of the His-bundle spike to the end of the 
rapid ventricular deflection in the HBE" (fig. 1). 


EXPERIMENTAL PROCEDURE 


At the end of the surgical procedure, nitrous oxide 
was discontinued and the end-tidal concentration of 
sevoflurane was adjusted to 2.4% (1 MAC) and 
maintained for at least 20 min. After haemodynamic 
stabilization, control values of the variables noted 
above were obtained during both sinus rhythm and 
subsequent atrial pacing. The right atrium was 
constantly paced at 100 (8) beat min’, which was 
slightly faster than the control sinus rate during each 
infusion of adenosine. Twenty beats were recorded 
during sinus rhythm, and then the right atrium was 
paced for 1 min and 20 consecutive beats were 
recorded. Sinus rhythm returned immediately after 
pacing was discontinued. 

Crystal adenosine (Sigma Chemical Co., St Louis, 
MO, USA) was dissolved in normal saline at a 
concentration of 2 mg mI" and infused into the infe- 
rior vena cava. The infusion rate of adenosine was 
increased stepwise to 0.1, 0.3, 0.5 and 1.0 mg kg" 
min” every 3 min. All measurements and blood sam- 
pling were performed 2-3 min after each rate of 
adenosine was infused during both sinus rhythm and 
subsequent atrial pacing. Heart rate and arterial 
pressures were also measured for 5 min after discon- 
tinuation of the adenosine infusion. 


DATA ANALYSIS 


Data are given as mean (SEM). Statistical analysis was 
performed using analysis of variance (ANOVA) with 
repeated measures, followed by Scheffe’s F test. 
P<0.05 was considered statistically significant. 
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Table 1 Effects of adenosine on arterial pressures and heart rate during sinus rhythm (mean (semM)). SAP = Systolic 
arterial pressure; DAP = Diastolic arterial pressure; MAP = Mean arterial pressure. HR = Heart rate *P < 0.05 
compared with control value; +P < 0.05 compared with preceding value 





Infusion rate of adenosine (mg kg™ min ~’) 














5 min after 
Control 0.1 0.3 0.5 1.0 infusion 
SAP (mm Hg) 119 (7) 90 (8)* 68 (6)*+ 63 (5)* 57 (3)* 126 (4)¢ 
DAP (mm Hg) 76 (6) 47 (5)* 33 (3)*+ 31 (2)* 29 (2)* 85 (4)t 
MAP (mm Hg) 91 (6) 62 (6)* 45 (4)*+ 42 (3)* 38 (2)* 98 (4)t 
HR (beat min”) 90 (7) 89 (6) 82 (5) 79 (5) 73 (5)* 89 (8)+ 
Results ELECTROPHYSIOLOGICAL AND ELECTROCARDIOGRAPHIC 


HAEMODYNAMIC EFFECTS (TABLE 1) 


Adenosine produced dose-related stable decreases in 
SAP, DAP and MAP. MAP decreased significantly 
from 91(6) to 62 (6), 45 (4), 42 (3) and 38 (2) mm 
Hg with adenosine infusion rates of 0.1, 0.3, 0.5 and 
1.0 mg kg* min”, respectively. Heart rate remained 
unchanged at 0.1 mg kg’ min’ and tended to 
decrease at 0.3 and 0.5 mg kg” min", and decreased 
significantly at 1.0 mg kg’ min”. There were no sig- 
nificant differences in SAP, DAP and MAP between 
control values and those at 5 min after termination of 
adenosine infusion: rebound hypertension did not 
occur. 


EFFECTS (TABLES 2, 3 ) 


Adenosine significantly increased the A-H interval at 
infusion rates of 0.5 mg kg’ min” and above, during 
sinus rhythm, and the St-H interval only at 1.0 mg 
kg’ min” during atrial pacing. There were significant 
differences between the A-H and St-H intervals 
under control conditions and at each infusion rate. 
The H-V and H-S intervals were unchanged during 
both sinus rhythm and atrial pacing at all infusion 
rates. 

The RR interval was unchanged at an infusion rate 
of 0.1 mg kg? min”, tended to decrease at 0.3 and 0.5 
mg kg’ min’ and decreased significantly at 1.0 mg 


Table 2 Effects of adenosine on atrioventricular conduction times during sinus rhythm and atrial pacing (mean (sem)). A-H interval 
=Atrioventricular (AV) nodal conduction time, H-V interval =His-Purkinje conduction time, H-S interval =total ventricular 
conduction time, St-H interval = intra-atrial plus AV nodal conduction time during atrial pacing. *P < 0.05 compared with control 
value, TP < 0.01 compared with corresponding value obtained during sinus rhythm 


Infusion rate of adenosine (mg kg’ min™') 








Sinus rhythm 
A-H interval (ms) 
H-V interval (ms) 
H-S interval (ms) 


Atrial pacing 

St-H interval (ms) 
H-V interval (ms) 

H-S interval (ms) 


Control 0.1 0.3 0.5 
82.9 (6.7) 84.0 (7.5) 89.1 (8.0) 94.2 (7.6)* 
33.1 (3.1) 33.6 (2.9) 32.2 (2.7) 33.8 (3.1) 
109.4 (5.2) 109.3 (5.3) 108.8 (5.7) 108.7 (5.9) 


129.6 (12.1)tt 124.0 (10.7)}} 132.0 (10.8)t+ 138.7 (10.6) H+ 
33.6 (3.2) 33.6 (3.2) 32.9 (3.2) 32.9 (3.5) 
108.6 (5.2) 109.1 (5.3) 108.4 (6.0) 108.7 (6.1) 


1.0 


100.4 (7.0)* 
32.7 (3.5) 
108.7 (6.0) 


147.1 (9.8) *t+ 
32.7 (3.5) 
107.8 (6.3) 





Table 3 Effects of adenosine on the surface electrocardiogram during sinus rhythm and atrial pacing (mean (sBM)). QTc interval = 
QT interval/VRR (8) and St-R interval = interval from stimulus artefact to the onset of the QRS complex. *P < 0.05 compared with 
contro] value; }P < 0.05 compared with corresponding value obtained during sinus rhythm 


Infusion rate of adenosine (mg kg? min`’) 


QTc interval (ms) 


Control 0.1 
Sinus rhythm 
RR interval (ms) 723.7 (47.7) 696.4 (42.4) 
PR interval (ms) 127.4 (8.4) 127.2 (9.0) 
QRS duration (ms) 62.8 (2.2) 61.8 (2.2) 
QT interval (ms) 367.1 (23.1) 362.5 (22.0) 
QTc interval (ms) 430.9 (16.7) 433.2 (15.4) 
Atrial pacing 
RR interval (ms) 629.6 (47.4) 629.6 (47.4) 
St-R interval (ms) 159.6 (14.3)t 153.4 (12.3)t 
QRS duration (ms) 62.8 (2.1) 62.7 (2.5) 
QT interval (ms) 351.8 (21.4) 350.6 (23.2) 
443.3 (13.5) 441.1 (15.2) 


0.3 0.5 1.0 
750.1 (37.6) 783.2 (43.8) 849.9 (51.7)* 
129.9 (9.3) 133.9 (9.3) 139.7 (9.0)* 
62.0 (1.9) 63.2 (2.1) 63.9 (2.3) 
367.7 (19.4) 380.5 (20.5) 390.2 (24.0) 
424.0 (14.4) 429.8 (14.3) 423.3 (18.0) 


629.6 (47.4)+ 
161.1 (11.7)+ 
62.7 (2.1) 
353.4 (21.9) 
445.0 (13.2) 


629.6 (47.4)t 
167.7 (12.3)t 
62.6 (1.9) 
357.4 (22.9) 
449.8 (14.0) 


629.6 (47.4)t 
176.0 (12.1)*+ 
62.4 (2.4) 
365.6 (24.9) 
459.4 (15.4)+ 
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kg? min’. Pacing rate was 100 (8) beat min", which 
was slightly greater than the control rate at sinus 
rhythm (90 (7) beat min’). Adenosine significantly 
increased the PR interval during sinus rhythm and 
the St-R interval during atrial pacing, but only at an 
infusion rate of 1.0 mg kg’? min’. However, a PR 
interval longer than 200 ms and AV conduction 
block did not appear at any infusion rate. The QT 
interval tended to increase during sinus rhythm, 
while it was unchanged during atrial pacing. QRS 
duration and the QTc interval were unchanged dur- 
ing both sinus rhythm and subsequent atrial pacing. 


Discussion 

We have found that infusion of adenosine produced 
rapid and dose-related decreases in systolic, diastolic 
and mean arterial pressures and significantly in- 
creased the A-H interval at infusion rates of 0.5 mg 
kg’ min’ and above during sinus rhythm, and the 
St-H interval at 1.0 mg kg’ min" during atrial pacing 
under anaesthesia with 1 MAC of sevoflurane. 

Decreased arterial pressures became stable within 
1-1.5 min after the beginning of the infusion of 
adenosine at each rate. Adenosine-induced hypoten- 
sion can be attributed to systemic arterial vasodilata- 
tion, as shown previously in dogs”, pigs? and 
humans’*. Rebound hypertension did not occur. 
This finding is in agreement with a previous report”. 

The haemodynamic and electrophysiological ef- 
fects of adenosine are influenced by a complex inter- 
play of A, and A, receptors located on the surface of 
cell membranes and coupled to G proteins”. A, 
receptors in endothelial and vascular smooth muscle 
cells mediate vasodilatation in almost all vascular 
beds, including the coronary artery, whereas A, 
receptors in cardiomyocytes mediate two types of 
actions: one is cyclic AMP (cAMP)-independent 
(direct actions), shortens the action potential in atrial 
cells”, elicits sinus slowing and hyperpolarization of 
SA nodal cells’ ” and causes depression of the action 
potential in AV nodal cells’; the other is 
cAMP-dependent (indirect actions) and antagonizes 
positive chronotropic, dromotropic and inotropic 
effects through antagonism of the increase in activity 
of adenylate cyclase and accumulation of cAMP 
caused by 8 agonists and forskolin” ”. 

In general, adenosine-induced hypotension pro- 
duces reflex tachycardia via activation of baro- 
reflexes, as is the case with other hypotensive agents, 
in conscious dogs”, conscious humans” and patients 
anaesthetized with phenoperidine-droperidol’. In 
this study, adenosine-induced hypotension during 1 
MAC of sevoflurane anaesthesia was not accompa- 
nied by an increase in heart rate. In fact, heart rate 
tended to decrease with an increases in the infusion 
rate of adenosine and decreased significantly at an 
infusion rate of 1.0 mg kg’ min`. This finding is in 
agreement with previous results in pigs anaesthetized 
with methomidate”’, in dogs anaesthetized with 
phenoperidine—droperidol”, in rabbits anaesthetized 
with halothane” and in dogs anaesthetized with 
halothane—nitrous oxide*. These results may be 
attributed to a direct inhibitory effect of adenosine 
on the sinus node cells’ and an indirect inhibitory 
effect of adenosine on cardiac sympathetic neuro- 
transmission”. Our results also suggest that the direct 
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and indirect effects of adenosine on the sinus node 
during sevoflurane anaesthesia may predominate 
over activation of baroreflexes induced by hypoten- 
sion with adenosine. 

Inhalation anaesthetics have been shown to 
depress baroreflex function; the extent of depression 
varies between anaesthetics, with both halothane”” 
and enflurane” being more depressant than isoflu- 
rane”. Recently, sevoflurane has been shown to 
depress baroreflex function in chronically instru- 
mented dogs”. In addition, we found in our earlier 
study that sevoflurane suppressed tachycardia associ- 
ated with nicardipine-induced hypotension in dogs™. 
Therefore, the direct and indirect inhibitory effects 
of adenosine could be enhanced by sevoflurane 
anaesthesia. 

Prolongation of the A-H interval with adenosine 
0.5 and 1.0 mg kg" min” can be attributed to direct 
depression of the action potential in AV nodal cells’. 
This negative dromotropic effect of adenosine may 
be responsible for the significant prolongation of the 
PR interval at 1.0 mg kg” min’ compared with the 
control value. Because the sensitivity of the AV node 
to adenosine in the dog is known to be less than that 
in human”, the responses to approximately 5-10 
times the clinical dose?’ were examined in this study. 
Heart block did not develop at any infusion rate of 
adenosine in this study, even in the presence of pro- 
found hypotension. 

In this study, the right atrium was paced at a 
slightly higher rate than the original sinus rhythm to 
exclude the influence of heart rate on AV conduction 
times. Although the St-H interval increased signifi- 
cantly at 1.0 mg kg’ min", no significant differences 
were observed in the degree of increases between the 
A-H and St-H intervals at any infusion rate of 
adenosine. Although it is not clear why the St-H 
interval was 40-50 ms longer than the A-H interval 
during sinus rhythm, the differences between the 
A-H and St-H intervals probably reflected latency 
between the stimulus and atrial activation. Because 
incremental increases in atrial-paced rate were not 
performed, the effects of adenosine on the rate- 
dependence of AV nodal conduction times during 
sevoflurane anaesthesia is unclear. 

Adenosine did not affect the H-V interval, indicat- 
ing that the site of the dromotropic action of adenos- 
ine is proximal to the His bundle, that is the AV 
node’. Our results are consistent with this finding, 
because both the H-V and H-S intervals were 
unchanged during both sinus rhythm and subse- 
quent atrial pacing. The lack of effect of adenosine 
on QRS duration and the QTc interval during both 
sinus rhythm and subsequent atrial pacing might 
reflect the absence of effects of adenosine on the 
His—Purkinje ventricular conduction system and on 
the average action potential duration of ventricular 
muscle, respectively. 

Electrophysiological studies with inhalation anaes- 
thetics demonstrated that halothane and enflurane 
were more depressant of A-V nodal conduction time 
than isoflurane**. However, the electrophysiological 
effects of sevoflurane have not been studied fully. We 
compared the effects of 1 and 2 MAC of sevoflurane, 
isoflurane and halothane on specialized AV conduc- 
tion times in dogs anaesthetized with pentobarbi- 
tone” where we found that both sevoflurane and iso- 
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flurane did not affect the A-H, H-V and H-S 
intervals, whereas halothane significantly prolonged 
only the A-H interval at 2 MAC during sinus rhythm, 
although pentobarbitone might modify the effects of 
subsequently administered inhalation anaesthetics. 

A battery of electrophysiological tests, including 
measurements of sinus node recovery time, AV nodal 
refractory periods and Wenckebach cycle length 
should be performed to provide sufficient infor- 
mation for measurement of the possible clinical elec- 
trophysiological risk of adenosine. Non-invasive 
methods using more adenosine-sensitive animals and 
higher concentrations of sevoflurane may also be 
highly desirable. Although there are several limita- 
tions, as mentioned above, our results suggest that 
adenosine should not exert adverse effects on AV 
conduction times in combination with sevoflurane 
anaesthesia. 

In summary, adenosine-induced hypotension did 
not elicit reflex tachycardia and adenosine did not 
produce detrimental heart block during anaesthesia 
with 1 MAC of sevoflurane. Adenosine may therefore 
be used as a hypotensive agent during sevoflurane. 
However, the potential for coronary steal” ” and 
renal vasoconstriction” ® during adenosine adminis- 
tration may limit its clinical usefulness. 
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Effects of fentanyl, nitrous oxide, or both, on baroreceptor reflex 


regulation in the cat 


O. LENNANDER, B-A. HENRIKSSON, J. MARTNER AND B. BIBER 


Summary 

We have investigated the effects of fentanyl, 
nitrous oxide, or both, on carotid sinus barore- 
ceptor reflexes in cats during basal chloralose 
anaesthesia. The bilaterally isolated carotid 
sinuses were perfused at prevailing systemic 
arterial pressure or at predetermined levels of 
pump-controlled pulsatile pressures of 50-200 
mm Hg in steps of 25 mm Hg. Other major 
baroreceptor sites were denervated by bilateral 
vagotomy. Fentanyl decreased arterial pressure 
dose-dependently when the carotid sinuses 
were perfused at prevailing systemic arterial 
pressure and when the perfusion pressure was 
controlled artificially. High-dose fentanyl 
reduced significantly baroreceptor reflex re- 
sponses in the sinus perfusion pressure range 
50-125 mm Hg. Nitrous oxide increased arterial 
pressure in the carotid sinus perfusion range 
75-125 mm Hg. There was no interaction 
between nitrous oxide and fentanyl for barore- 
ceptor reflex responses. Our results indicated 
that baroreceptor reflexes, with and without 
nitrous oxide, were well preserved by moderate 
doses of fentanyl while high doses of fentanyl 
depressed baroreceptor reflexes. (Br. J. Anaesth. 
1996;77:399-403) 


Key words 


Reflexes, baroreceptor. Model, cat. Cat. Analgesics opioid, 
fentanyl. Anaesthetics gases, nitrous oxide. 


The baroreflex is very important for short-term 
cardiovascular homeostasis. Halogenated inhaled 
anaesthetics decrease arterial pressure in a dose- 
dependent manner by interaction with both central 
and peripheral mechanisms. There is evidence also 
that halogenated inhaled anaesthetics depress the 
baroreceptor reflex’. In contrast, balanced anaesthe- 
sia with nitrous oxide and fentanyl is characterized by 
more stable peroperative haemodynamic conditions. 
One reason for this might be that this type of anaes- 
thesia blunts baroreceptor reflexes to a lesser degree. 

The aim of this study was to investigate the effects 
of nitrous oxide alone or in combination with fenta- 
nyl on the carotid sinus baroreceptor reflex. The 
study was performed in an experimental model in 
cats allowing analysis of the carotid sinus open loop 
gain, that is the impact on systemic arterial pressure 
of changes in perfusion pressure to the bilaterally iso- 
lated carotid sinuses. 


Materials and methods 


The study was performed on eight cats, weighing 
3.2-4.9 kg. The animals had been deprived of food 
for 12 h but had free access to water. The study was 
approved by the National Swedish Animal Experi- 
ment Ethics Committee. 

Anaesthesia was induced with enflurane and 70% 
nitrous oxide in oxygen and continued with chlora- 
lose 50 mg kg” i.v. as basal anaesthesia. Supplemen- 
tary doses of chloralose 50 mg were given when nec- 
essary during the experiment. After tracheotomy, the 
lungs were ventilated with air at a frequency of 20 
bpm with a Harvard 661 small animal ventilator. 
Tidal volume was adjusted to maintain an arterial 
Pco, of 3.5-4.5 kPa, as verified by repeated arterial 
blood-gas analyses (ABL-2, Radiometer, Copenha- 
gen). 

Hydration and avoidance of metabolic acidosis was 
accomplished by a continuous infusion (10 ml kg? h” 
during preparation and 5 ml kg’ hb? during 
experiment) of Ringer’s—glucose with the addition of 
20 ml of sodium bicarbonate 0.6 mol litre’ per 100 
ml. Core temperature was maintained at 37-38 °C 
by means of a heating pad. 

Cardiopulmonary and aortic baroreceptors were 
denervated by bilateral sectioning of the vagal nerves. 
The carotid sinuses were bilaterally partly isolated by 
ligation of the external and sometimes also the inter- 
nal carotid arteries, and all other arterial branches 
that could be ligated without endangering the integ- 
rity of the sinus nerves by dissection. After adminis- 
tration of heparin 5000 IE i.v., catheters were 
inserted bilaterally into the common carotid arteries 
and femoral arteries, allowing the carotid sinuses to 
be perfused with blood from the femoral arteries, 
either at systemic arterial pressure by a direct bypass 
or at any desired level of pulsatile pressure using a 
rotor pump. To allow adjustments of carotid sinus 
perfusion pressure without changes in pump fre- 
quency, an arteriovenous shunt was inserted between 
the carotid sinuses and an external jugular vein. The 
carotid sinus perfusion pressure was recorded from a 
side branch of the tubing system. This preparation 
has been described in detail previously’. 
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Figure 1 Baroreflex responses (systemic mean arterial pressure 
(MAP) os carotid sinus perfusion pressure) in animals receiving 
air (mean, szM). The following stages are shown: baseline (O); 
low-dose fentanyl (O); high-dose fentanyl (A); after naloxone 
(V). *P<0.05, **P<0.01 compared with baseline. 


The reactivity of the sinus preparation was 
assessed at the end of the instrumentation by record- 
ing how changes in sinus perfusion pressure influ- 
enced systemic arterial pressure. The mean maxi- 
mum open loop gain’ was 2.2 (sEM 0.3), that is 
systemic arterial pressure was changed inversely by 
2.2 mm Hg per 1 mm Hg change in sinus perfusion 
pressure, calculated over a pressure interval of 25 
mm Hg. 

Systolic (SAP) and diastolic (DAP) arterial pres- 
sures were measured via a catheter inserted into a 
brachial artery and recorded on a Grass Polygraph 
(Grass Instruments, USA). Mean (MAP) arterial 
pressure was calculated using the formula: 
MAP=(SAP+2xDAP)/3. Heart rate (HR) was de- 
rived electronically from the arterial pressure record- 
ing. 

Baroreflex activity was evaluated by changing 
carotid sinus perfusion pressure with arterial inflow 
to the bypass closed. This was accomplished by 
setting the pump in the bypass circuit at a steady 
state rate while a variable portion of the bypass flow 
was directed through the shunt to the external jugu- 
lar vein by continuously adjusting a clamp around 
the shunt tubings. Sinus perfusion pressure was 
increased by the pump from 50 to 200 mm Hg in 
steps of 25 mm Hg. Recordings of arterial pressures 
and HR were performed at steady state after 15 min 
at each of the following eight stages: (1) ventilation 
with air; (2) ventilation with 70% nitrous oxide in 
oxygen; (3) ventilation with air; (4) ventilation with 
air. Bolus injection of fentanyl 10 ug kg’ followed by 
an infusion of fentanyl 4 pg kg’ h”; (5) ventilation 
with 70% nitrous oxide in oxygen. Continued 
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infusion of fentanyl 4 ug kg? h”; (6) ventilation with 
air. Bolus injection of fentanyl 40 ug kg” followed by 
an infusion of fentanyl 16 pg kg? bh’; (7) ventilation 
with 70% nitrous oxide in oxygen. Continued 
infusion of fentanyl 16 ug kg’ h”; and (8) ventilation 
with air. At steady state, 15 min after (7), naloxone 
30 ug kg’ was injected i.v. 


STATISTICAL ANALYSIS 


Data were analysed by repeated analysis of variance 
and Duncan’s multiple range test. P<0.05 was 
considered significant. All data are presented as 
mean (SEM). 


Results 


CAROTID SINUSES PERFUSED AT SYSTEMIC ARTERIAL 
PRESSURE 

Fentanyl decreased arterial pressure in a dose- 
dependent manner during air ventilation. Although 
no significant changes in HR from baseline were 
induced by fentanyl, HR was significantly lower after 
the high dose than after the low dose of the drug 
(P<0.01, table 1). 

Fentanyl-induced changes in DAP and HR were 
reversed by naloxone, while SAP and MAP were 
increased above baseline values (P<0.01 and P<0.05, 
respectively, table 1). 

Administration of nitrous oxide in oxygen com- 
pared with ventilation with air did not induce any 
significant changes in arterial pressures or HR during 
basal chloralose anaesthesia with or without the 
addition of fentanyl (table 2). 


CAROTID SINUS PERFUSION PRESSURES CONTROLLED 
ARTIFICIALLY 


Fentanyl decreased MAP throughout the range of 
carotid sinus perfusion pressures (50-200 mm Hg; 
ANOVA main effects P<0.001 for both fentanyl 
doses). At sinus perfusion pressures of 50, 75 and 
100 mm Hg, fentanyl caused a dose-related decrease 
in MAP (fig. 1). Baroreflex gain was not changed by 
low-dose fentanyl, while high-dose fentanyl reduced 
the gain for sinus perfusion pressure intervals of 
50-75, 75-100 and 100-125 mm Hg (fig. 1). 
Although no significant changes in HR from baseline 
were induced by fentanyl, HR was significantly lower 
after high-dose compared with low-dose fentanyl 
(ANOVA main effects; P<0.05, table 3). 

Fentanyl-induced decreases in MAP and barore- 
flex gain were reversed by naloxone. At carotid sinus 
pressures of 50, 75 and 100 mm Hg, MAP was 
increased significantly above baseline (fig.1). 

When air was replaced by nitrous oxide in oxygen 
before administration of fentanyl, MAP increased at 
carotid sinus perfusion pressures of 75, 100 and 125 


Table 1 Systolic (SAP), diastolic (DAP) and mean (MAP) arterial pressures and heart rate (HR) at baseline and after administration of 
two different doses of fentanyl and naloxone (mean (sgM)). *P < 0.05. ** P < 0.01 compared with baseline.}{ P < 0.01 compared with 


HR (beat min”) 





low-dose fentanyl 

SAP (mm Hg) DAP (mm Hg) 
Baseline 164.8 (4.8) 129.3 (7.2) 
Low fentanyl 144.4 (8.9)* 105.0 (10.2)** 
High fentanyl 116.1 G.1)™ 81.6 (7.5)** 
Naloxone 189.4 (11.2)** 146.3 (10.1) 





MAP (mm Hg) 

141.1 (3.2) 243.1 (11.5) 
118.2 (9.4)** 263.6 (8.1) 
93.1 (6.4)** 226.6 (11.6) tt 
160.6 (10.3)* 237.6 (6.5) 
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Table 2 Systolic (SAP), diastolic (DAP) and mean (MAP) arterial pressures and heart rate (HR) at baseline and after administration of 
two different doses of fentanyl during ventilation with air and ventilation with nitrous oxide (N20) and oxygen (O,) (mean (sEM)) 





























SAP (mm Hg) DAP (mm Hg) MAP (mm Hg) HR (beat min”) 
Air N,0-0, Air N,0-0, Air N,0-0, Air N,0-0, 
Baseline 167.9 (4.4) 175.0 (4.5) 133.1 (4.1) 139.8 (6.6) 144.6 (3.9) 151.5 (5.5) 233.3 (10.6) 248.8 (13.7) 
Low fentanyl 144.4 (8.9) 149.3 (7.1) 105.0 (10.2) 114.0 (9.5) 118.2 (9.4) 125.8 (8.5) 263.6 (8.1) 273.0 (7.1) 
High fentanyl 116.1 (5.1) 120.5 (6.4) 81.6 (7.5) 85.5 (7.7) 93.1 (6.5) 97.3 (7.1) 226.6 (11.6) 248.4 (5.5) 
Baseline Low fentanyl High fentanyl 
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Figure 2 Baroreflex responses (systemic mean arterial pressure (MAP) vs carotid sinus perfusion pressure) in animals receiving either air 
(open symbols, interrupted lines) or nitrous oxide (filled symbols, solid lines) (mean, sem). Panels show the following stages: baseline; 


low-dose fentanyl; high-dose fentanyl. *P<0.05. 


mm Hg (fig. 2), while baroreflex gain at 50-75 mm 
Hg decreased. HR responses were unchanged by 
nitrous oxide in oxygen (table 3). 

After fentanyl, addition of nitrous oxide did not 
affect arterial pressures (fig. 2) or baroreflex gain. 
However, in the presence of fentanyl at the low and 
high doses, nitrous oxide in oxygen increased HR 
(ANOVA main effects; P<0.05 and P<0.01) (table 
3). 


Discussion 


The aim of this study was to investigate the effect of 
generally used components of balanced anaesthesia, 
namely nitrous oxide and fentanyl, on high pressure 
baroreceptor reflex function. We used an animal 
experimental model which merits some comments 
on methodology. 

First, we cut the vagus nerves to avoid secondary 
influences from cardiopulmonary low pressure re- 


flexes**. As this procedure also denervates the 
baroreceptors of the aortic arch, only carotid barore- 
flex responses were evaluated. However, aortic 
baroreceptors primarily modulate high pressure 
responses*’ and thus are less likely to be significant 
for the overall cardiovascular reflex response to low- 
ered arterial pressure, the object of this study. 
Second, the degree of baroreceptor activation 
depends on the carotid sinus perfusion pressure level 
and the velocity of the pulsatile pressure change. In 
our model, the profile of the pump-generated carotid 
sinus pressure wave differed from pressure waves 
normally produced by the pumping heart. This 
implies different baroreceptor activation compared 
with the intact animal at similar arterial pressure lev- 
els. However, the pulsatile characteristics of the 
pump-generated carotid pressure wave were essen- 
tially similar at each phase of the experiment, as 
pump rate was kept constant. Changes in carotid 


Table 3 Heart rate (HR) at different carotid sinus perfusion pressures at baseline and after administration of fentanyl, nitous oxide 


(N20) and naloxone (mean (sEM)) 


Carotid sinus perfusion pressure (mm Hg) 


50 75 100 
Baseline 249.1 (9.0) 236.1 (10.4) 217.4 (9.8) 
Nitrous oxide 262.3 (8.9) 254.5 (10.8) 241.5 (12.0) 
Baseline 253.4 (8.1) 241.8 (11.0) 228.0 (11.8) 
Low fentanyl 263.6 (9.4) 254.5 (10.2) 236.1 (10.2) 
Low fentanyl +N,O 273.3 (8.1) 266.9 (7.1) 256.4 (6.7) 
High fentanyl 225.4 (11.1) 215.9 (9.8) 205.0 (8.8) 
High fentanyl +N,O 244.9 (6.6) 237.4 (6.1) 228.4 (7.8) 
Naloxone 270.6 (9.9) 257.9 (9.2) 235.0 (8.6) 


125 150 175 200 
201.4 (9.7) 193.8 (9.6) 189.6 (9.6) 186.1 (9.5) 
229.3 (12.5) 214.6 (9.9) 209.4 (9.3) 204.5 (10.8) 
217.6 (11.4) 210.4 (12.1) 201.5 (12.2) 195.6 (13.2) 
223.6 (10.7) 210.4 (10.5) 207.5 (11.7) 201.6 (11.0) 
246.8 (7.3) 238.0 (9.1) 227.8 (7.5) 219.1 (7.6) 
198.1 (8.2) 189.1 (6.8) 183.0 (6.6) 180.8 (6.1) 
217.1 (10.5) 210.0 (11.1) 204.0 (11.6) 197,9 (11.1) 
224.7 (T.T) 211.1 (10.1) 197.1 (10.1) 199.5 (13.0) 
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sinus perfusion pressure were obtained by adjust- 
ments of the arteriovenous shunt in the extracorpor- 
eal circuit. This experimental perfusion design 
constitutes the basis for the comparisons in this 
study. 

Nitrous oxide has been shown previously to 
increase systemic vascular resistance in combination 
with 1% halothane in humans? and in combination 
with pentobarbitone in dogs’. These findings, and 
other data in humans" ", indicate that nitrous oxide 
induces an increase in efferent sympathetic nervous 
activity (SNA). We observed circulatory effects 
(increased MAP) of nitrous oxide only when the 
carotid sinuses were perfused at pressures in the 
medium range (75-125 mm Hg). We suggest this 
reflects efficient baroreflex suppression of adrenergic 
nitrous oxide effects during intense baroreceptor 
activity (sinus perfusion pressure 2150 mm Hg) and 
a background of pre-existing intense sympathetic 
outflow in the face of maximal baroreceptor unload- 
ing (sinus perfusion pressure <75 mm Hg). At these 
two extremes in sinus pressure, it is conceivable that 
nitrous oxide, although having sympatomimetic 
effects, adds only minimally to the prevailing degree 
of sympathetic discharge. These findings are in 
agreement with those of Bagshaw and Cox” in the 
dog during light halothane anaesthesia. 

Fentanyl has been shown to reduce sympathetic 
and increase vagal neural tone’*’*. These effects may 
depend on facilitation of impulse transmission at the 
dorsal nucleus of the vagus nerve and nucleus tractus 
solitarii of the baroreflex pathway”. However, the 
reduction in MAP produced by fentanyl throughout 
the sinus perfusion pressures used in our study, with 
vagotomized animals, indicated reduced sympathetic 
output or direct cardiovascular organ effects, or both. 
At low sinus perfusion pressures, we observed a 
dosedependent effect of fentanyl on MAP, probably 
reflecting the effects of fentanyl on the baroreflex as a 
dose-dependent reduction in baroreflex gain was 
observed at perfusion pressure increments of 50-125 
mm Hg. 

The effect of fentanyl on the baroreflex represents 
dose-dependent depression of baroreceptor arterial 
pressure control, as also shown in newborn infants”. 
Despite the fact that nitrous oxide attenuated the 
baroreceptor reflex, it did not further depress reflex 
control of arterial pressure when added to fentanyl at 
any of the infusion rates. 

Data from this study support findings from other 
studies in humans” where resetting of the baroreflex 
has been found after fentanyl’? and after the 
combination of fentanyl, diazepam and nitrous 
oxide”. Kortly and co-workers” also found that 
baroreflex control of heart rate was attenuated after 
lower doses of fentanyl (7.5 mg kg’). However, in 
their study and at higher doses of fentanyl (10 and 
12.5 mg kg’) there was a discrepancy between 
baroreflexmediated tachycardia and bradycardia in- 
duced by lowered and increased arterial pressures 
compared with lower doses of fentanyl. This was 
postulated to be the result of enhanced vagal efferent 
activity mediated by fentanyl. In our study we did not 
find this difference in systemic arterial pressures or 
heart rate after low and high carotid sinus pressures, 
probably because we used vagotomized animals. 
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However, species differences cannot be excluded. 
Furthermore, differences between human and non- 
erect walking animals in baroreceptor reflexes seem 
to apply mainly to low pressure cardiopulmonary 
receptors”, In our model these were excluded by 
vagotomy thus allowing for selective analysis of the 
high pressure carotid sinus part of the baroreceptor 
reflexes. 

Naloxone was given to reverse the circulatory 
effects of fentanyl. After administration of naloxone, 
arterial pressure was not only restored but exceeded 
baseline arterial pressure. It is not clear from our 
study if this overshoot in arterial pressure reflected 
the central or peripheral effects of naloxone. Similar 
effects with naloxone have been observed in other 
studies. For example, in a study in conscious rabbits, 
naloxone increased arterial pressure both before and 
after sinoaortic barodenervation, but the increase 
was more pronounced after denervation. This 
indicates that the baroreceptor reflex buffers an 
increase in arterial pressure”. In other studies, 
naloxone has been shown to increase baroreflex 


sensitivity”. 
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Effect of sevoflurane anaesthesia on plasma concentrations of glutathione S-transferase 


D. C. Ray, R. Bomont, A. Mizusuima, T. Kucimrya, A. FORBES HOWE AND G. J. BECKETT 


Summary 

To assess the effect of sevoflurane anaesthesia 
on hepatocellular integrity, we measured 
plasma concentrations of glutathione 
S-transferase (GST) before anaesthesia and 1, 3, 
6 and 24 h after the end of anaesthesia in 41 
healthy, Japanese patients undergoing elective, 
body surface surgery. Sevoflurane (approxi- 
mately 1.0 MAC) was delivered in 50-66% 
nitrous oxide in oxygen via a circle system, with 
a fresh gas flow of 6 litre min“. Ventilation was 
spontaneous in all patients. Mean duration of 
anaesthesia was 101 min. Concentrations of GST 
increased significantly 1 h after the end of 
anaesthesia (P=0.0075), but this was not signifi- 
cantly different from preoperative concentra- 
tions at 3, 6 and 24 h. Three patients developed a 
large secondary increase in GST concentrations 
at 24 h. The increase observed at 1 h was 
probably a result of reduced total liver blood 
flow; the mechanism for the secondary increase 
at 24 h is unclear but the possibility that products 
of sevoflurane biotransformation are respon- 
sible cannot be excluded. (Br. J. Anaesth. 
1996;77:404-407) 
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Sevoflurane is a relatively new inhalation anaesthetic 
agent which has recently been licensed for clinical 
use in the UK’. It undergoes more biotransformation 
than isoflurane and enflurane’, although its low 
blood-gas solubility coefficient and rapid elimination 
are thought to preclude prolonged elevated concen- 
trations of metabolites and resultant organ 
dysfunction**. Studies investigating hepatic function 
after sevoflurane anaesthesia in humans would tend 
to support this view’‘*’, although there are at least 
four case reports of sevoflurane-associated hepato- 
toxicity in the Japanese literature’. Standard 
biochemical tests of liver function however, have lim- 
ited use in the detection of minor degrees of 
anaesthetic-related liver dysfunction. In contrast, 
measurement of glutathione S-transferase (GST) 
concentration in plasma provides a highly specific 
test of hepatocellular damage, and GST results 
correlate better with histological changes than do the 
aminotransferases”. GST concentrations increase 
transiently after anaesthesia with halothane" and 
enflurane” but not after isoflurane’ ™ "S or propo- 
fol*; the frequency of abnormal GST concentra- 


tions observed after halothane, enflurane and isoflu- 
rane anaesthesia correlates directly with the extent of 
metabolism and incidence of reported clinical 
hepatic dysfunction for these agents’. More recently, 
GST concentrations have been found to increase 
after sevoflurane anaesthesia in children”, although 
experience with the particular GST assay used is 
limited. 

We have measured GST concentrations in adult 
patients undergoing anaesthesia with sevoflurane to 
assess its effect on hepatocellular integrity. 


Patients and methods 


After obtaining approval from the Ethics Committee 
of Juntendo University, written informed consent 
was obtained from 50 healthy, Japanese patients, 
ASA I or I, undergoing elective general anaesthesia 
for body surface surgery which was expected to last 
1-3 h. Exclusion criteria included obesity (body 
weight >20% above ideal weight), excessive alcohol 
intake (>3 u. day’), previous liver disease or exposure 
to general anaesthesia in the preceding 3 months. 
Patients receiving medications likely to interfere with 
liver function were also excluded. 

Premedication was not given. Anaesthesia was 
induced with thiopentone 3-5 mg kg” i.v. in a dose 
sufficient to abolish the eyelash reflex, and suxa- 
methonium 1 mg kg” i.v. was given to facilitate 
tracheal intubation if necessary. Anaesthesia was 
maintained with approximately 1.0 MAC of sevoflu- 
rane and 50-66% nitrous oxide in oxygen (sevoflu- 
rane MAC in 65% nitrous oxide: 1.4% for patients 
aged 25 yr, 1.1% for patients aged 40 yr, 0.87% for 
patients aged 60 yr [data on file, Abbott Laborato- 
ries]). Patients breathed spontaneously from a circle 
system delivered with a fresh gas flow rate of 6 litre 
min”; the carbon dioxide absorbent used was soda 
lime (Dragersorb 800, Drager, Germany). End-tidal 
concentrations of sevoflurane and carbon dioxide 
(Datex Capnomac AGM-103-30-00, Helsinki, Fin- 
land) were measured continuously throughout an- 
aesthesia. The total dose of sevoflurane administered 
to each patient was calculated in MAC hours. Penta- 
zocine was used for analgesia after surgery if 
required, 
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GST concentration after sevoflurane anaesthesia 


LABORATORY ANALYSIS 


Blood was sampled immediately before induction of 
anaesthesia (time 0), and 1, 3, 6 and 24 h after the 
end of anaesthesia for measurement of plasma GST 
B, concentration by specific radioimmunoassay, as 
described previously”. All samples from the same 
subject were measured in the same assay run. Inter- 
and intra~assay coefficients of variation were <10% 
and <5%, respectively, over the range 2-25 ug litre’. 
The reference range for GST concentration is 
0.54.8 ug litre’. 


STATISTICAL ANALYSIS 


Data were analysed by Friedman’s two-way analysis 
of variance for repeated measurements. The Wil- 
coxon signed rank test was used to examine changes 
in GST concentration from time 0 to 1, 3, 6 and 24h 
after induction of anaesthesia. P<0.05 was taken as 
significant. Analysis was performed with Minitab for 
Windows (version 10.2) run on a Dell Dimension 
computer. 


Results 


Of the 50 patients studied, nine were excluded from 
analysis; three patients needed to be paralysed and 
their lungs ventilated for surgical requirements, and 
six were administered extradural anaesthesia in addi- 
tion to general anaesthesia. Data from the remaining 
41 patients (27 male; mean age 42 (range 18—67) yr) 
were analysed. This sample size gave the study a 
power of 76% for a change in GST concentration of 
>0.5 pg litre’. 

Thirty of these patients underwent minor or inter- 
mediate eye, nose or throat surgery; the remainder 
underwent relatively minor orthopaedic surgery such 
as arthroscopy. Forty patients received suxametho- 
nium to facilitate tracheal intubation. The mean dose 
of thiopentone given for induction of anaesthesia was 
263 (sp 39) mg and the mean sevoflurane dose 
administered for maintenance was 1.73 (range 0.59— 
3.18) MAC h. Mean duration of anaesthesia was 101 
(45-155) min. Significant temporal changes in GST 
concentrations occurred after anaesthesia 
(P<0.001). Plasma GST concentrations increased 
significantly 1 h after the end of anaesthesia from 
time 0 (P=0.0075), but these were not significantly 
different from preoperative concentrations at 3, 6 
and 24 h (table 1, fig. 1). 

Although GST concentrations were still increased 
at 3 h this was not statistically significant (P=0.069). 
Ten patients had GST concentrations >4.8 pg litre’ 
in blood samples obtained before anaesthesia; the 
overall pattern of GST changes after anaesthesia in 
these patients was similar to that in patients who had 
GST concentrations <4.9 jg litre’ before anaesthe- 


Table 1 Median (1st, 3rd quartiles) glutathione S-transferase 
concentrations (pg litre’) in 41 patients receiving sevoflurane 
anasthesia. *P < 0.01 compared with concentrations before 
anaesthesia 


Before 
anaesthesia lh 3h 6h 24h 
2.8 3.9* 3.5 2.8 3.3 


(2.0, 5.0) (2.6,5.3) (2.6,5.2)  (2.1,3.8) (1.6, 4.6) 
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Figure 1 Individual changes in plasma giuthathione 
S-transferase (GST) concentrations from the preoperative 
sample. 


sia. Three of these 10 patients had GST concentra- 
tions >4.8 ug litre’ only in the sample obtained 
before anaesthesia. Three patients (7%) with preop- 
erative GST concentrations within the reference 
range developed a large secondary increase in GST 
concentrations at 24 h (table 2). Seven of the 31 
patients (23%) with preoperative GST concentra- 
tions <4.8 pg litre’ developed an increased GST 
concentrations at some time during the study. No 
patient developed hypotension (mean arterial pres- 
sure <70% of pre-induction level), arterial oxygen 
saturation <94% or end-tidal carbon dioxide concen- 
tration >8 kPa at any time during anaesthesia. 


Discussion 


The results of this study suggest that sevoflurane 
influences plasma concentrations of GST after 
anaesthesia, confirming previous findings in chil- 
dren”. GST concentrations increased significantly 
from preoperative values 1 h after the end of 
anaesthesia, were still increased at 3 h and had 
decreased to preoperative concentrations at 6 and 
24 h. We have demonstrated previously that GST 
concentrations increase 3 and 6 h after anaesthesia 
with halothane* and enflurane’” but not after 
isoflurane’ *. Other workers have confirmed that 
GST concentrations increase after halothane but not 
after isoflurane anaesthesia” and have also demon- 
strated no change after propofol anaesthesia" ”. 
Reduced liver blood flow is believed to be responsible 
for these increases; alternative explanations such as 
variation in GST concentration throughout the day 
or reduced clearance of GST have been discounted 
previously”. Several studies have shown that sevoflu- 
rane has little overall effect on hepatic blood flow in 
experimental animals”™, although if hepatic arterial 


Table 2. Plasma concentrations of glutathione S-transferase 
(ug litre™') in patients who developed a large secondary increase 
at 24h 


Before 

anaesthesia ih 3h 6h 24h 
1.4 2.6 2.6 2.8 7.3 
2.8 4.9 4.4 4.0 10.2 
4.7 6.3 7.2 5.8 9.4 
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flow is compromised there may be a smaller margin 
of safety against hypoxia with sevoflurane compared 
with halothane and isoflurane”. There is evidence in 
humans to suggest that sevoflurane reduces total 
hepatic blood flow”, although this has not been con- 
firmed by other workers” ”. Our findings appear to 
support the view that sevoflurane reduces hepatic 
blood flow in humans, 

Three patients (7%) developed a much larger sec- 
ondary increase in GST concentrations at 24 h. Ina 
previous study, 18% of patients anaesthetized with 
halothane and 10% of those who received enflurane 
developed similar increases at 24 h; this later increase 
did not occur in patients after isoflurane anaesthe- 
sia”. The mechanism for these increases at 24 h is 
unclear but the possibility that products of biotrans- 
formation (including those of sevoflurane) are 
responsible cannot be excluded. The overall extent of 
sevoflurane metabolism in humans is approximately 
5%**, resulting in the formation of hexafluoroisopro- 
panol (HFIP) and fluoride ion. Neither of these 
products is likely to ‘be responsible for initiating 
hepatic damage’. Sevoflurane reacts with carbon 
dioxide absorbents resulting in generation of break- 
down products. Five degradation products have been 
identified in vitro”, although only compound A (and 
to a lesser extent compound B) is produced under 
conditions likely to be encountered clinically. Factors 
which alter the concentration of compound A 
include fresh gas flow, temperature of the soda lime 
and concentration of sevoflurane in the circle system. 
Low fresh gas flows are associated with an increase in 
temperature of the soda lime and increased concen- 
trations of compound A which increase further with 
prolonged anaesthesia”. In this study, a fresh gas 
flow of 6 litre min’ was used to prevent the build up 
of a significant concentration of compound A. While 
there is debate about the potential for compound A 
to induce renal damage, there is no suggestion that it 
may initiate hepatic damage™. We do not believe that 
compound A is responsible for the observed increase 
in GST concentration. 

The reference range for GST concentration in 
adult patients in the UK is 0.54.8 pg litre’; the 
range for the Japanese population is not known. As 
10 patients (20%) in this study had preoperative 
GST concentrations >4.8 pg litre’, it could be 
argued that there is a different reference range for 
Japanese patients. However, the pattern of GST 
response after anaesthesia was similar if these 
patients were excluded from analysis, and therefore 
the overall conclusion from this study is unaltered. 
Three of these 10 patients had GST concentrations 
> 4.8 pg litre’ in the preoperative sample only, 
suggesting that in these patients increased GST con- 
centrations may have resulted from fasting, as has 
been described previously”. 

We conclude that sevoflurane anaesthesia is associ- 
ated with a transient increase in plasma GST 
concentrations after anaesthesia, reflecting a minor 
degree of impaired hepatocellular integrity. Some 
patients develop increased GST concentrations 24 h 
after sevoflurane anaesthesia; the reasons for this sec- 
ondary increase are unclear and require further 
investigation. 
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Normovolaemic haemodilution attenuates cardiac depression induced by sodium bicarbonate in 


canine metabolic acidosist 


M. Tanaka, T. NISHIKAWA AND T. MIZUTANI 


Summary 

This study was designed to determine if coexist- 
ing metabolic acidosis or normovolaemic 
haemodilution, or both, modifies the acute 
cardiodepressant effect of i.v. sodium bicarbo- 
nate. Thirty-one mongrel dogs were anaesthe- 
tized with halothane, and the lungs ventilated 
mechanically; dogs were allocated randomly to 
one of four groups: control group (pHa 7.39 (sp 
0.03), base excess -1.0 (1.6) mmol litre’, haemo- 
globin 13.9 (2.5) g di" (n=8)), metabolic acidosis 
group (pHa 7.21 (0.05), base excess -11.2 (2.1) 
mmol litre’, haemoglobin 13.4 (2.6) g di’ (n=8)), 
anaemia group (pHa 7.40 (0.04), base excess 0.1 
(2.0) mmol litre’, haemoglobin 7.2 (1.1} g d“ 
(n=8)) or anaemia acidosis group (pHa 7.22 
(0.04), base excess -11.0 (2.2) mmol litre’, 
haemoglobin 7.4 (0.3) g di" (n=7)). Metabolic aci- 
dosis was induced by continuous i.v. infusion of 
hydrochloric acid 2 mol litre’. Normovolaemic 
haemodilution was undertaken by phlebotomy 
and simultaneous exchange with lactated Ring- 
ers solution at 37°C. Mean arterial pressure 
(MAP), pulmonary artery pressure, right atrial 
pressure (RAP), maximum rate of change of 
pressure in the right ventricle (RV dP/dtmax) and 
pulmonary blood flow (PBF) were measured at 
30 s, 1 and 3 min after administration of 7% 
sodium bicarbonate solution 1 mmol kg" given 
into the right atrium over 5 s. Sodium bicarbo- 
nate produced significant decreases in MAP and 
RV dP/dimax at 30 s in all groups except for the 
anaemia acidosis group (P<0.05). There was a 
significant decrease in right ventricular stroke 
volume in the metabolic acidosis group from 
baseline values (P<0.05), and compared with the 
three other groups (P<0.05). These results 
indicate that the cardiodepressant effect of 
sodium bicarbonate 1 mmol kg” i.v. during 
metabolic acidosis was more pronounced than 
without acidosis, but was attenuated in the pres- 
ence of normovolaemic haemodilution. (Br. J. 
Anaesth. 1996;77:408-412) 
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Massive haemorrhage and systemic hypotension 
treated by replacement with crystalloid solution are 
frequently accompanied by metabolic acidosis and 


haemodilution. Although administration of sodium 
bicarbonate may be considered in these situations, it 
may reduce peripheral oxygen availability by increa- 
seing extracellular pH' and produce paradoxical 
intracellular acidosis by free diffusion of carbon 
dioxide liberated from bicarbonate’*’. Depression of 
cardiac performance and peripheral vascular dilata- 
tion as a result of paradoxical intracellular acidosis 
have been implicated in circulatory alterations after 
bicarbonate administration*. A combination of these 
effects has detrimental consequences both metaboli- 
cally and haemodynamically’®. A recent study has 
demonstrated that maximum depression of cardiac 
performance by bicarbonate is more pronounced 
during metabolic acidosis than without acidosis in fn 
vivo canine preparations’. 

When normovolaemia is maintained, progressive 
anaemia causes a modest increase in cardiac output 
with little change in arterial pressure and heart rate 
CHR) in both humans’ and animals’*”. Systemic 
vascular resistance is decreased because of peripheral 
vascular dilatation secondary to anaemia. The phar- 
macologically depressed myocardium has diminished 
ability to increase cardiac output in response to 
haemodilution”. How augmentation of cardiac out- 
put in response to haemodilution is modified by the 
presence of metabolic acidosis is unknown. In 
addition, the effects of coexisting metabolic acidosis 
and normovolaemic haemodilution on myocardial 
depression produced by sodium bicarbonate have 
not been examined. 

This study was designed in an tm vivo canine 
preparation to assess the effects of normovolaemic 
haemodilution on the acute cardiovascular effects of 
sodium bicarbonate at physiological arterial pH 
(pHa) and with metabolic acidosis at a pHa value of 
approximately 7.2. 


Materials and methods 


The study was approved by our institutional Animal 
Care Committee. We studied 32 adult mongrel dogs 
of both sexes, weighing 10.5-15 kg. All dogs were 
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anaesthetized with thiamylal 15 mg kg’ and the 
trachea intubated. The lungs were ventilated me- 
chanically with room air supplemented with oxygen 
via a cuffed tracheal tube, using a volume-cycled ani- 
mal ventilator (model R-60, Aika Co., Ltd, Tokyo, 
Japan). End-tidal halothane concentrations were 
measured continuously (Capnomac Ultima, Datex, 
Helsinki, Finland) and maintained at 0.65-0.75%. 
Suxamethonium 20 mg was given i.v. at the time of 
tracheal intubation followed by 10 mg h“ thereafter 
to produce neuromuscular block. During all meas- 
urements, pulmonary arterial blood temperature was 
maintained at 35.8-38.0 °C. Lactated Ringer’s solu- 
tion was administered at a constant rate of 10 ml kg" 
h” during surgical preparation and equilibration 
period, followed by 5 ml kg" h” during haemody- 
namic measurements. 

An i.v. cannula was inserted into a forelimb vein for 
administration of lactated Ringer’s solution. Lead I 
of the electrocardiogram (model 2236A, NEC San-ei 
Instruments Co., Ltd, Tokyo, Japan) was monitored 
continuously using subcutaneous electrodes. HR was 
measured on a beat-to-beat basis by a cardiotachom- 
eter (model 1321, NEC San-ei Instruments Co., Ltd, 
Tokyo, Japan) triggered by lead II of the electro- 
cardiogram. Measurement of arterial pressure 
and blood sampling for blood-gas analysis and 
measurement of haemoglobin concentration (288 
Blood Gas System, Ciba-Corning, Medfield, MA, 
USA) were performed via the femoral arterial 
catheter. A flow-directed, balloon-tipped pulmonary 
artery catheter (5Fr Thermodilution Catheter, 
Arrow, Reading, PA, USA) was inserted via the 
femoral vein to permit continuous monitoring of 
pulmonary artery pressure. Another catheter was 
positioned in the right atrium from the contralateral 
femoral vein for monitoring right atrial pressure 
(RAP). A 5-French gauge catheter-tipped transducer 
(model MPC-500, Miller Instruments Inc., Hou- 
ston, TX, USA) was inserted via the right external 
jugular vein and positioned in the right ventricle to 
obtain maximum rate of change of pressure in the 
right ventricle (RV dP/dimax) using a differential 
amplifier (model 1323, NEC San-ei Instruments 
Co., Ltd, Tokyo, Japan). 

After the pulmonary trunk was dissected free of the 
surrounding tissue through a left-sided thoracotomy 
in the fourth intercostal space, an electromagnetic 
flow probe of appropriate size (model FR 12-16 mm, 
Nihon-Koden Co., Ltd, Tokyo, Japan) was placed 
around the pulmonary trunk for continuous 
measurement of pulmonary blood flow (PBF). The 
flow probe was calibrated with 0.9% saline solution 
in vitro before implantation, and PBF was measured 
continuously with a square-wave electromagnetic 
blood flowmeter (model MFV-3200, NihonKoden 
Co., Ltd, Tokyo, Japan). All recordings were made on 
an eight-channel recorder (model Recti-Horiz-8K, 
NEC San-ei Instruments Co., Ltd, Tokyo, Japan). 

The dogs were allocated randomly to one of four 
groups: control (n=8), metabolic acidosis (n=8), 
anaemia (n=8) or anaemia acidosis (m=8). After a 
stabilization period of at least 2 h after the surgical 
procedures, in the control group (Paco, 4.9-5.7 kPa 
and base excess > —3 mmol litre") 7% sodium bicar- 
bonate solution 1 mmol kg?’ (1.2 ml kg”) was given 
into the right atrium over 5 s, and haemodynamic 
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variables were recorded continuously for 3 min. Ven- 
tilator settings were kept constant during these meas- 
urements. 

Metabolic acidosis of base deficit less than —8 
mmol litre’ was induced and maintained in the 
metabolic acidosis group by continuous infusion of 
hydrochloric acid 2 mol litre’ at an approximate rate 
of 10-15 ml h”, while Paco, was maintained at 4,9- 
5.7 kPa. After a stabilization period of at least 2 h, 
after establishment of the target metabolic acidosis, 
7% sodium bicarbonate solution 1 mmol kg“ (1.2 ml 
kg”) was given into the right atrium over 5 s, and the 
same haemodynamic measurements made. 

The anaemia and anaemia acidosis groups were 
treated similarly to the control and metabolic acido- 
sis groups except that normovolaemic haemodilution 
was produced to obtain haemoglobin concentrations 
of 7-7.5 g dl’. Normovolaemia was produced by 
phlebotomy and simultaneous exchange with lac- 
tated Ringer’s solution at 37 °C in a ratio of approxi- 
mately 1:3 aided by the stability of pulmonary artery 
occlusion pressure (PAOP). In the anaemia acidosis 
group, haemodilution preceded metabolic acidosis. 

All values are expressed as mean (sp). Both mean 
arterial pressure (MAP) and mean pulmonary artery 
pressure (MPAP) were obtained by electronic 
integration of pulse pressure. Right ventricular stroke 
volume (RVSV) was calculated as PBF divided by 
HR. Analysis of changes in haemodynamic variables 
from baseline (30 s, 1 and 3 min) and comparison of 
data between the four groups (baseline values and 
maximum changes from baseline) were performed 
using one-way and two-way ANOVA, respectively, 
followed by the Student’s ¢ test with Bonferroni’s 
correction. P<0.05 was considered the minimum 
level of statistical significance. 


Results 


One dog from the anaemia acidosis group died 
before completing the study and only data from the 
remaining 31 dogs were analysed. Mean values of 
pHa and base excess in the metabolic acidosis and 
anaemia acidosis groups were significantly lower than 
those in the control and anaemia groups, whereas 
there were no differences in Pago, and Pao, values 
between the groups (table 1). Haemoglobin concen- 
trations in the anaemia and anaemia acidosis groups 
were significantly lower than those in the control and 
metabolic acidosis groups (table 1). There were no 
differences in plasma electrolyte concentrations 
between the groups (table 1). 

There were no differences in PAOP values before 
and after haemodilution, immediately before admin- 
istration of sodium bicarbonate in the anaemia group 
(6.5 (3.2) vs 6.7 (3.3) mm Hg, respectively) and in 
the anaemia acidosis group (5.4 (0.9) vs 5.2 (1.3) 
mm Hg, respectively). Before administration of 
sodium bicarbonate, PBF in the anaemia acidosis 
group was significantly greater than in the control 
group (P<0.05, table 2). Similarly, RVSV in the 
anaemia acidosis group was significantly greater than 
that in the control and metabolic acidosis groups 
(P<0.05, table 2). Compared with baseline values, 
administration of 7% sodium bicarbonate 1.2 ml kg" 
produced consistent but transient increases in RAP 
in all groups (P<0.05, table 2). Transient but signifi- 
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Table 1 Arterial blood-gas values and electrolyte and haemoglobin concentrations (mean (sp)). *P < 0.05 vs control and anaemia groups. 


+P < 0.05 us control and metabolic acidosis groups 


Group 
Metabolic acidosis 
Control (n=8) (n=8) Anaemia (n=8) Anaemia acidosis (n=7) 
Arterial blood-gas 
pHa 7.39 (0.03) 7.21 (0.05)* 7.40 (0.04) 7.22 (0.04)* 
Paco, (kPa) 5.2 (0.4) 5.4 (0.4) 5.3 (0.3) 5.2 (0.1) 
Pao, (kPa) 15.8 (3.7) 14.2 (4.1) 19.7 (4.9) 17.3 (5.3) 
Base-excess (mmol litre") -1.0 (1.6) -11.2 (2.1)* 0.1 (2.0) -11.0 (2.2)* 
Electrolytes 
Na (mmol litre") 147 (5) 146 (5) 144 (5) 145 (5) 
K (mmol litre”) 3.0 (0.5) 3.2 (0.5) 3.4 (0.3) 3.4 (0.7) 
Ca” (mmol litre”) 1.2 (0.1) 1.2 (0.1) 1.1 (0.1) 1.1 (0.1) 
Haemoglobin (g d1”) 13.9 (2.5) 13.4 (2.6) 7.2 (0.2)t 7.4 (0.3)t 


Table 2 Baseline haemodynamic values and percentage change in haemodynamic responses to bolus injection of sodium bicarbonate 

1 mmol kg” (mean (sp)). *P < 0.05 vs control and metabolic acidosis groups. }P < 0.05 vs control, anaemia and anaemia acidosis groups. 
P < 0.05 vs control group. §P < 0.05 vs baseline values; MAP = Mean arterial pressure (mm Hg); HR = Heart rate (beat min"); MPAP 
= Mean pulmonary artery pressure (mm Hg); RAP = Right atrial pressure (mm Hg); RV dP/dimax = Maximum rate of change of 
pressure in the right ventricle (mm Hg s~); PBF = Pulmonary blood flow (litre min); RVSV = Right ventricular stroke volume (ml) 


Time after injection 











Baseline 308 1 min 3 min 
Control group (n=8) 
MAP 97 (23) -13.5 (5.5)§ 1.1 (4.7) 2.8 (2.3) 
HR 119 (24) 2.9 (6.0) 2.8 (2.4) 2.0 (3.7) 
MPAP 14.3 (3.4) 0.9 (6.0) 5.9 (6.7) 3.8 (5.2) 
RAP 1.3 (1.0) 185 (169)§ 120 (132)§ 31 (41) 
RV dPy/dimax 590 (117) -12.5 (9.8)§ -8.9 (5.7)§ 3.3 (6.0) 
PBF 1.41 (0.21) 8.4 (7.9) 8.4 (6.0)§ 10.1 (5.9)§ 
RVSV 12.2 (2.4) 5.6 (4.6) 6.5 (5.8) 8.0 (7.1)§ 
Metabolic acidosis group (n=8) 
MAP 80 (19) -9.7 (7.9)§ -1.2 (14.4) 6.7 (5.4)§ 
HR 131 (20) -0.3 (4.2) —0.2 (2.0) 0.9 (2.7) 
MPAP 16.6 (9.5) -0.7 (13.8) 4.3 (11.0) 1.0 (1.8) 
RAP 2.3 (2.3) 101 (259)§ 71 (167) 18 (27) 
RV dP/dimax 586 (110) -21.8 (12.8)§ -11.0 (13.5) —0.2 (6.5) 
PBF 1.46 (0.46) -5.8 (21.1) -2.2 (14.6) 9.2 (8.0) 
RVSV 11.3 (3.2) -12.6 (5.5)T§ -5.6 (4.3) 3.9 (4.9) 
Anaemia group (7=8) 
MAP 84 (13) -11.1 6.6 § 4.1 (4.1) 1.3 (1.8) 
HR 122 (13) 4.0 (6.0) 2.9 (3.7) 2.3 (2.3) 
MPAP 12.9 (3.7) 1.8 (5.9) 4.5 (4.0)§ 0.8 (6.8) 
RAP 1.3 (1.5) 150 (190)§ 96 (128)§ 16 (26) 
RV dP/dimax 535 (88) -16.9 (10.0)§ -7.0 (9.2) 1.1 (5.1) 
PBF 1.72 (0.32) 8.7 (8.3) 7.4 (7.§ 9.2 (5.1)§ 
RVSV 14.2 (3.1) 4.6 (6.5) 4.4 (6.4) 6.9 (5.9)§ 
Anaemia acidosis group (n=7) £ 
MAP 85 (10) -6.7 (7.9) 7.8 (10.3) 5.6 (6.4) 
HR 121 (15) 1.1 (3.9) -0.8 (2.6) 0.8 (0.9) 
MPAP 15.4 (3.4) —0.4 (7.1) 4.3 (10.0) 1.9 (3.7) 
RAP 2.3 (1.5) 66 (79)§ 47 (4$ 0 (14) 
RV dP/dimax 609 (158) -10.5 (7.8) -2.8 (9.2) 1.0 (9.2) 
PBF 1.91 (0.38)4 ~1.0 (12.1) -2.0 (9.0) 4.8 (5.5) 
RVSV 16.1 (3.6)* -3.3 (4.7) -1.2 (5.0) 4.1 (6.2) 





cant decreases in MAP and RV dP/dimax occurred in 
all groups except for the anaemia acidosis group. In 
the non-acidosis groups (the control and anaemia 
groups), PBF and RVSV increased significantly from 
baseline values at the end of the observation period. 
PBF and RVSV values in the metabolic acidosis 
group decreased significantly for a period of 1 min 


after administration of sodium bicarbonate. The per- 
centage reduction in RVSV in the metabolic acidosis 
group at 30 s after administration of bicarbonate was 
significantly more than in the three other groups 
(P<0.05, table 2). HR was unchanged after adminis- 
tration of sodium bicarbonate in all groups. The 
mean times at which maximum changes in MAP, RV 
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dP/dtmax and PBF occurred were all within 20 s of 
bicarbonate administration: MAP: 18 (7), 19 (11), 
17 (4), 13 (4) s; RV dP/drmax: 16 (2), 20 (4), 14 (3), 
16 (4) s; PBF: 17 (3), 20 (6), 15 (6), 17 (6) s in the 
control, metabolic acidosis, anaemia and anaemia 
acidosis groups, respectively. 


Discussion 


We have observed cardiodepressant effects associated 
with rapid administration of sodium bicarbonate 1 
mmol kg” in control, metabolic acidosis and anaemia 
groups, demonstrated by significant depression of 
RV dP/dimax, and this response was attenuated in 
the anaemia acidosis group. It is not explained simply 
by dilution, as depression of RV dP/dtmax was also 
observed in the anaemia group. Maximum reduc- 
tions in RV dP/dtmax, PBF and MAP occurred 
within 20 s of administration of bicarbonate, but the 
changes were transient. Although the extent and 
duration of these changes may not be clinically 
important, they may be significant in patients under- 
going cardiopulmonary bypass where normovolae- 
mic haemodilution is practised, and also after 
massive bleeding and haemodilution complicated by 
metabolic acidosis. 

The cardiodepressant effect of bicarbonate is con- 
sidered to be caused by a rapid decrease in the 
intracellular pH of the myocardium caused by free 
diffusion of carbon dioxide liberated from bicarbo- 
nate’, rather than a result of volume expansion”. The 
fact that such a detrimental effect of bicarbonate is 
more pronounced during metabolic acidosis suggests 
that a further reduction in intramyocardial pH 
occurs with pre-existing extracellular acidosis at pHa 
7.2. A marginally reduced intracellular pH is not car- 
diodepressant in itself, as evidenced by comparable 
haemodynamic variables between the control and 
metabolic acidosis groups in our study and previous 
experiments’*”*, 

It is not clear from our study why the haemody- 
namic response to sodium bicarbonate was more 
pronounced during metabolic acidosis but less 
marked when there was coexisting normovolaemic 
haemodilution. Clinical*® and experimental’*” stud- 
ies have observed typical responses to normovolae- 
mic haemodilution characterized by an increase in 
stroke volume and cardiac index, and a decrease in 
systemic vascular resistance, with essentially no 
changes in arterial pressure and HR. One possible 
explanation is that these underlying haemodynamic 
changes induced by haemodilution may have coun- 
teracted the cardiodepressant effect of bicarbonate. 

There are three possible shortcomings to our 
study. First, this was not a dose-response study, and 
interpretation of the results should be confined to the 
doses studied. Most importantly, bicarbonate was 
given over a brief period of time. A smaller dose of 
bicarbonate or slower speed of injection could have 
resulted in less depression of the myocardium‘. The 
dose of bicarbonate in our study has been used in 
previous studies and is recommended in some 
circumstances during cardiopulmonary resuscita- 
tion*’’*, In addition, the degree of metabolic acidosis 
studied would not be expected to produce significant 
cardiovascular depression", With more profound 
acidosis where myocardial depression caused by aci- 
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dosis per se is apparent, cardiac depression induced 
by bolus administration of bicarbonate may be more 
aggravated. Second, we did not determine circulating 
blood volume. In previous experiments, a ratio of 
1:2.5 of bleeding and exchange crystalloid infusion 
resulted in a constant blood volume estimated by 
‘*T-labelled albumin in dogs". In contrast, exchange 
transfusion with a ratio of 1:3 has been reported to 
produce progressive metabolic acidosis, hypovolae- 
mia and eventually death”. These previous conflict- 
ing results may be attributed in part to the 
differences in time for equilibration. Our study has 
confirmed that an equilibration period of at least 2 h 
is required after surgical preparation, establishment 
of acidosis or haemodilution, during which lactated 
Ringer’s solution was infused continuously. A signifi- 
cant amount of extravasation of plasma, had it 
occurred during this period, must have been 
replaced, as indicated by the unchanged PAOP 
before and after haemodilution, before administratin 
of bicarbonate in the anaemia and anaemia acidosis 
groups. Third, administration of hydrochloric acid 
effectively induced extracellular acidosis, but we did 
not measure intracellular pH. However, greater 
depression of cardiac performance with administra- 
tion of bicarbonate in the metabolic acidosis group 
than in the control group suggests marginally 
disturbed intracellular environment by maintenance 
of extracellular pH at 7.2 for 2 h or longer. In an in 
vivo experiment using rabbits, i.v. infusion of hydro- 
chloric acid followed by an equilibration period of 1 
bh produced dose-dependent linear decreases in 
intracellular pH of the left ventricular myocardium”. 
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Inhalation of a nitric oxide synthase inhibitor to a hypoxic or collapsed lung lobe in anaesthetized 


pigs: effects on pulmonary blood flow distribution 


F. FREDÉN, J. E. BERGLUND, A. REBER, M. HOGMAN AND G. HEDENSTIERNA 


Summary 

Lv. administration of the nitric oxide synthase 
inhibitor, nitro-L-arginine methyl ester (L-NAME), 
not only reduces blood flow in a hypoxic lung 
region but also causes systemic vasoconstric- 
tion and a decrease in cardiac output. In this 
study, we delivered nebulized L-NAME 0.2-1 mg 
kg” to the left lower lobe of 10 anaesthetized 
pigs. The left lower lobe was made hypoxic by 
selective inhalation of 5% oxygen or collapsed 
by interrupted ventilation, or both. Inhalation of 
L-NAME reduced fractional blood flow to the left 
lower lobe from 5.3 (so 3.1)% to 1.7 (1.4)% 
(P<0.05) in lobar hypoxia and from 6.0 (3.3) to 2.7 
(2.7)% (P<0.05) in lobar collapse. These reduc- 
tions were accompanied by a significant in- 
crease in Pao, There were no significant 
changes in arterial pressure, cardiac output or 
heart rate. We have shown that selective inhala- 
tion of L-NAME reduced blood flow to a hypoxic 
or collapsed lung region without systemic 
effects. The possible role for nitric oxide syn- 
thase inhibition in reducing shunt during one- 
lung ventilation, however, requires further 
study. (Br. J. Anaesth. 1996;77:413-418) 


Key words 


Pharmacology, nitric oxide. Ventilation, one-lung. Lung, 
blood flow. Pig. 


In 1980, Furchgott and Zawadski’ reported that 
vasodilatation caused by acetylcholine was 
endothelium-dependent and that endothelial cells, 
when stimulated, can release substances that cause 
relaxation of vascular smooth muscle. One substance 
has been identified as nitric oxide’’. 

There is now evidence that nitric oxide is produced 
in the lung and is important in the regulation of the 
tone of the pulmonary vessels. Endogenous nitric 
oxide production has been demonstrated by Gustafs- 
son and colleagues‘ who measured nitric oxide in the 
exhaled breath of rabbits and humans. When the 
rabbit was hypoxaemic, the exhaled nitric oxide con- 
centration decreased. Nitric oxide synthase, constitu- 
tive and inducible, has been found in many cell types 
in human lung tissue’. 

Inhaled nitric oxide at concentrations of 5-80 ppm 
has been shown to diminish or abolish the hypoxic 
vasoconstrictor response and pulmonary hyperten- 
sion caused by thromboxane analogues in conscious 
lambs*’ and in a porcine model of adult respiratory 
distress syndrome (ARDS)*. Inhalation of nitric 


oxide may reduce pulmonary hypertension in healthy 
volunteers breathing hypoxic gas’ and in patients 
with ARDS”. 

When endogenous nitric oxide production was 
blocked by administration of L-arginine analogues, 
anaesthetized rabbits developed hypoxaemia and an 
increase in respiratory frequency”. There was also an 
increase in pulmonary vascular resistance, which was 
more marked during hypoxia than during normoxia. 
In regional lung hypoxia, blockage of endogenous 
nitric oxide production caused a shift of blood away 
from the hypoxic region and improved arterial 
oxygenation””, By inhaling nitric oxide to the 
non-hypoxic region, this blood shift was more accen- 
tuated and blood flow to the hypoxic region was 
almost abolished’. These findings indicate that 
administration of nitric oxide inhibits hypoxic 
pulmonary vasoconstriction and that blockage of 
endogenous nitric oxide production enhances it. The 
combination of inhaled nitric oxide and nitric oxide 
synthase inhibitors provides a method of altering 
pulmonary blood flow distribution that may be of 
clinical use in acute lung injury and in one-lung ven- 
tilation. However, i.v. administration of nitric oxide 
synthase inhibitors causes systemic effects with 
increased systemic arterial pressure and lowered car- 
diac output”. 

In this study, we have examined the hypothesis that 
inhalation of a nitric oxide synthase inhibitor, nitro-L- 
arginine methyl ester (L-NAME), to a hypoxic lung 
region would decrease blood flow to this region with- 
out causing systemic effects. The study was per- 
formed in an animal model where hypoxia was 
induced in the left lower lobe. To simulate one-lung 
ventilation we also studied the effect of inhaled 
L-NAME to a subsequently collapsed left lower lobe. 


Materials and methods 


The study was approved by the Animal Research 
Ethics Committee of Uppsala University. Twelve pigs 
of Swedish country breed, weighing 25-32 kg, were 
used in the study. The animals were premedicated 
with pentobarbitone 20 mg kg” and atropine 0.5 mg 
i.p. Anaesthesia was induced 30 min later with 
pentobarbitone 180—360 mg i.v. and maintained with 
a continuous infusion of chlormethiazole 800-1600 
mg h’™ and pancuronium 4-8 mg h`“. Repeated 
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doses of fentanyl 0.2-0.5 mg iv. were given as 
necessary. After induction, the animals were placed in 
the supine position for the remainder of the study. Iso- 
tonic saline 10-15 ml kg” h“ was given for hydration. 


VENTILATION 


A tracheotomy was performed after induction of 
anaesthesia and two cuffed tracheal tubes were 
inserted. One tube with an internal diameter of 6.0 
mm was positioned in the trachea and the second, 
with an internal diameter of 4.5 mm, was placed in 
the bronchus of the left lower lobe. In this way, the 
left lower lobe could be isolated and ventilated inde- 
pendently, a technique described in detail in a previ- 
ous report’. Two synchronized, volume-controlled 
ventilators (Siemens Servo ventilator 900 C, Siemens 
Elema, Lund, Sweden) were used and 30% of the 
total minute ventilation was administered to the left 
lower lobe. This volume corresponded to the weight 
of the left lower lobe as a percentage of the total 
weight of both lungs (unpublished data, Fredén and 
colleagues, 1993). Both ventilators were adjusted to 
give a positive end-expiratory pressure (PEEP) of +5 
cm H,O and the inspired oxygen fraction (Fig) was 
set at 0.8. The oxygen cell of the ventilator was used 
to measure Fio, Ventilatory frequency was main- 
tained at 20 bpm and tidal volume was adjusted to 
obtain a Paco, of 5.2-6.2 kPa. To prevent atelectasis, 
the lungs were ventilated three times with a double 
tidal volume at the beginning of each measurement 
period (see experimental design). 


PREPARATION 


An ear vein was cannulated for induction and main- 
tenance of anaesthesia. A triple-lumen, balloon- 
tipped catheter (Swan Ganz No. 7-French gauge) 
was introduced via the right external jugular vein to 
the pulmonary artery for blood sampling and 
pressure recording. A large bore catheter was 
inserted into the contralateral jugular vein for 
infusion purposes with its tip in the superior caval 
vein. The right carotid artery was cannulated to 
measure arterial pressure and sample blood. 

Via a median sternotomy, the artery to the left 
lower lobe and the pulmonary artery were identified, 
ultrasonic flow probes were attached and connected 
to a flowmeter (probes, 6 SB and 12 SB; flowmeter, 
T208; Transonic, Ithaca, NY, USA). 


MEASUREMENTS 


Arterial, central venous and pulmonary artery catheters 
were attached to appropriate pressure transducers 
(Sorenson Transpac transducers, Abbott Critical Care 
Systems, IL, USA). Mean arterial pressure, mean 
pulmonary arterial pressure, central venous pressure 
and pulmonary capillary wedge pressure were recorded 
on a Marquette 7010 monitor (Marquette Electronics 
Inc., WI, USA). Pressures were averaged over the whole 
respiratory cycle and the mid-thorax was used as the 
zero reference level. 

Mixed venous and arterial blood samples were col- 
lected for blood-gas analysis (ABL 3, Radiometer, 
Copenhagen, Denmark), oxygen saturation and hae- 
moglobin concentration (OSM 3, Radiometer, Co- 
penhagen, Denmark). Cardiac output and blood flow 


British Journal of Anaesthesia 


to the left lower lobe were measured continuously 
with the flow probes. 

Mean airway pressure and expired minute volume 
were recorded from both ventilators. 


EXPERIMENTAL DESIGN 


After preparation, a rest period of 30 min was 
allowed before baseline measurements were ob- 
tained. Each set of measurements comprised mean 
arterial pressure, mean pulmonary artery pressure, 
heart rate, central venous pressure, pulmonary capil- 
lary wedge pressure, cardiac output, blood flow to 
the left lower lobe, arterial and mixed venous blood- 
gas tensions, saturations and airway pressures. Fio, 
was maintained at 0.8 in the right lung and the upper 
and middle lobes of the left lung. Three different set- 
tings were used for the left lower lobe: baseline and 
control (Fio, 0.8), lobar hypoxia (5% oxygen, 5% 
carbon dioxide and 90% nitrogen (AGA, Lidingo, 
Sweden)) and lobar collapse (with the ventilator to 
the left lower lobe disconnected). Thirty minutes 
were allowed at each setting before measurements 
were made. 

L-NAME (Sigma Chemical Co, St Louis, MO, 
USA) was dissolved in isotonic saline 20 mi and 
delivered to the left lower lobe with an ultrasonic 
nebulizer (De Vilbiss, Ultraneb 99, PA, USA). Inha- 
lation of L-NAME was always performed during 
lobar hypoxia as preliminary experiments had shown 
that inhalation during normoxia caused systemic 
effects, presumably because of increased absorption 
of L-NAME caused by larger lobar blood flow. 

The different experiments used in the study are 
outlined in table 1. In four animals, the effect of 
inhaled L-NAME was tested during both lobar 
hypoxia and lobar collapse. To ensure that a preced- 
ing period of lobar hypoxia did not interfere with any 
effects of lobar collapse on blood flow or vice versa, 
three animals were investigated with lobar collapse 
only and three with lobar hypoxia only. Evaluation of 
these different designs showed no differences in the 
response to lobar hypoxia or collapse and therefore 
the results are given for the two groups: lobar hypoxia 
(n=7) and lobar collapse (n=7). 

Re-opening of the left lower lobe after lobar 
collapse was controlled in two ways. Via the 
thoracotomy, the lobe was examined visually to 
ensure that no parts of the lobe were atelectatic and, 
before inhalation of L-NAME, fractional blood flow 
to the left lower in the control situation was 
compared with the baseline recording. 

In three of the animals with lobar collapse, a third 
period of lobar collapse was induced, measurements 
were performed and followed by i.v. injection of 
L-arginine 1 g kg” (Sigma Chemical Co, St Louis, 
MO, USA) to reverse the effect of L-NAME, and new 
recordings were performed. 

In two additional animals, L-NAME 0.2 mg kg” 
was delivered to both lungs and systemic and pulmo- 
nary haemodynamic measurements, and arterial and 
mixed venous blood-gas tensions were measured 
during normoxia and hypoxia (Fio, 0.12) before and 
after inhalation. Cardiac output was measured with 
thermodilution as no thoracotomy was performed, 
10 ml of isotonic saline at room temperature were 
injected as a bolus and cardiac output was computed 
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Table 1 A survey of the three different experimental designs used in the study showing 


of the left lung (Fio, RL), and Fio, to the left lower lobe ( 
included four animals and experiments I and II three each. 


to the right lung and upper and middle lobes 


LLL); “X” marks the different steps in each experiment. Experiment I 
eriments I and I were used for the “lobar hypoxia” group (n=7) and 


experiments IT and III for the “lobar collapse” group (#7) (see tables 2 and 3) 


Lobar Lobar 
Baseline collapse Control hypoxia 
Fio RL 0.8 0.8 0.8 0.8 
Fig, LLL 0.8 Non-vent. 0.8 0.05 
Experiment I (n=4) X X X x 
Experiment II (n=3) X x 
Experiment M (n=3) X x x 


Inhalation Lobar Lobar 

L-NAME hypoxia Control collapse Control 
0.8 0.8 0.8 0.8 0.8 
0.05 0.05 0.8 Non-vent. 0.8 

X X X x X 

X X X 

x x x x 





Table 2 Lobar perfusion and arterial oxygenation in the two groups given lobar inhalation of L-NAME (mean (sp)). Fractional blood 
flow to the left lower lobe (Qr11/Qr) and arterial oxygenation at baseline (Fio, 0.8), during lobar hypoxia-collapse before and after 
L-NAME, and in the control situation ( 0.8). Ten animals were used for these two groups; of these, four were studied during both 
lobar hypoxia and lobar collapse, hence n=7 in both groups (also see table 1). Wilcoxon signed rank test was performed to compare 
baseline with control (*P < 0.05) and to compare conditions during lobar hypoxia—collapse before and after L-NAME (+P < 0.05) 


Lobar hypoxia 
Before After 
Baseline L-NAME L-NAME Control 
QuuQr (%) 23.2 (5.5) 5.3 (3.1) 1.7(1.4)¢ 18.8 (4.5)* 
Pag, (kPa) 38.9 (8.5) 23.3 (6.7) 28.8 (9.2)¢ 36 (4.6) 


(cardiac output computer Marquette 7010, Marque- 
tte Electronics Inc., WI, USA). Three injections were 
given for each measurement and the mean calcu- 
lated. The injections were distributed evenly over the 
respiratory cycle. 

When the experiment was completed the animal 
was killed with an i.v. injection of potassium chloride 
and the lungs were removed for inspection. 

Fractional blood flow to the left lower lobe was 
calculated as blood flow to the left lower lobe divided 
by cardiac output. Pulmonary vascular resistance 
(PVR) was calculated using standard formulae. 


STATISTICS 


All data are given as mean (sp). Two paired compari- 
sons were performed: between baseline data before 
inhalation and control data after inhalation of 


Lobar collapse 

Before After 
Baseline L-NAME L-NAME Control 
21.2 (6.5) 6.0 (3.3) 2.7 (2.7)¢ 19.2 (4.0) 
37.5 (9.9) 21.6 (4.7) 24.8 (6.0) 33.9 (8.7) 


L-NAME; and between lobar hypoxia—collapse data 
before and after inhalation of L-NAME. Wilcoxon’s 
signed rank test was used and P<0.05 was considered 


significant. 


Results 

Table 2 shows fractional blood flow to the left lower 
lobe and arterial oxygenation for the two groups with 
lobar hypoxia and lobar collapse, and table 3 shows 
other essential data for the two groups. The following 
recordings are presented: baseline, hypoxia—collapse 
preceding administration of L-NAME, hypoxia- 


Table 3 Inhalation of L-NAME during lobar hypoxia and lobar collapse (mean (sp)). Data shown are baseline (Fig, 0.8) before lobar 


hypoxia—collapse, during lobar hypoxia—collapse before and after inhalation of L-NAME, and in the control situation (Fio, 


0.8) after 


inhalation of L-NAME. Ten animals were used for these two groups; of these, four were studied during both lobar hypoxia and lobar 


collapse, hence n=7 in both groups (also see table 1). Cardiac output (Qr), arterial carbon dioxide tension ( 
(MAP), heart rate (HR), mean pulmonary arterial pressure (MPAP), pulmonary capillary wedge pressure (P 


> mean arterial pressure 
'), central venous 


pressure (CVP), mixed venous oxygen tension (P7o,) and pulmonary vascular resistance (PVR) are shown. Wilcoxon signed rank test was 
performed to compare baseline with control in the two groups (*P < 0.5) and to compare conditions during lobar hypoxia—collapse before 


and after inhalation of L-NAME (+P < 0.05) 





Lobar hypoxia Lobar collapse 
Before After Before After 

Baseline L-NAME L-NAME Control Baseline L-NAME L-NAME Control 
Qr (litre min™) 2.9 (0.6) 3.1 (0.7) 2.8 (0.5) 2.7 (0.6) 3.1 (0.7) 3.2 (0.7) 3.0 (0.5) 2.8 (0.4) 
Paco, (KPa) 5.44 (0.9) 6.07 (0.8) 6.21 (0.5) 5.27 (0.6) 5.6 (0.6) 6.0 (0.3) 6.2 (0.4) 5.8 (0.5) 
MAP (mm Hg) 84 (11) 87 (14) 87 (17) 90 (12) 80 (7) 83 (10) 88 (9) 85 (6) 
HR (beat min’) 118 (18) 130 (21) 139 (26) 132 (30) 116 (16) 121 (16) 136 (20) 130 (7) 
MPAP (mm Hg) 18 (3) 23 (4) 25 (F 22 (3)* 17 (2) 20 (5) 23 (2) 21 (3)* 
PCWP (mm Hg) 7 (1A) 8 (1.6) 9 (1.6) 9 (2.2)* 7 (0.9) 8 (2.8) 8 (1.9) 80.1) 
CVP (mm Hg) 6 (2.7) 7 (2.5) 7 (2.4) 8 (3.1) 6 (2.7) 7 3.1) 6 (1.8) 6 (1.7) 
P¥o, (kPa) 5.9 (0.5) 5.9 (0.4) 6.1 (0.8) 5.8 (0.5) 5.9 (0.4) 5.8 (0.3) 5.8 (0.5) 6.0 (0.4) 
PVR (dyn s cm”) 303 (47) 383 (104) 449 (136)} 425 (118) 276 (57) 309 (101) 401 (85)f 389 (83)* 
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B Hypoxia Hypoxia + L-NAME 
Figure 1 Relative perfusion (QLLL/QT) to the left lower lobe at 
baseline (B) and during lobar hypoxia, before (Hypoxia) and 
after (Hypoxia+L-NAMBE) inhalation of L-NAME 0.2-1 mg kg”. 
Individual and mean values (bold line) are shown. The marked 
decrease in lobar perfusion by hypoxia was enhanced significantly 
by inhalation of L-NAME, 
peollapse subsequent to L-NAME and the last 
control recording. 


BASELINE 


At baseline, cardiac output, mean arterial pressure, 
mean pulmonary arterial pressure, central venous 
pressure and pulmonary capillary wedge pressure 
values were similar to those reported previously for 
pigs undergoing mechanical ventilation with healthy 
lungs”. Fractional blood flow to the left lower lobe 
was 23.2 (5.5)% in the hypoxic group and 21.1 
(6.5)% in the lobar collapse group, which is in 
accordance with previous reports”. Arterial oxygena- 
tion was good with Pao, values of 38.9 (8.5) kPa and 
37.5 (9.9) kPa, respectively. Both groups were 
normocapnic. During the course of the experiment, 
mean airway pressure in the left lower lobe varied 
from 8.7 (0.5) to 9.9 (0.2) cm H,O and, in the right 
lung and upper and middle lobes of the left lung, 9.9 
(0.4) to 10.4 (0.2) cm H,O; these changes were not 
significant (data not shown in tables). 


LOBAR HYPOXIA AND L-NAME 


Hypoxia of the left lower lobe caused a marked 
reduction in fractional blood flow to the left lower 
lobe to 5.3 (3.1) % and a decrease in Pag,. Mean 
pulmonary arterial pressure increased by a mean of 
5 mm Hg. Delivery of L-NAME to the hypoxic left 
lower lobe caused a further reduction in fractional 
blood flow to the left lower lobe to 1.7 (1.4) % 
(P<0.05) (see fig. 1) and a significant increase in 
Pao,. There were no significant changes in cardiac 
output, heart rate or mean arterial pressure. There 
was a further increase in mean pulmonary arterial 
pressure. When the left lower lobe again received 
hyperoxic gas (Fio, 0.8), after inhalation of 
L-NAME, a persistent decrease in lobar perfusion 
and increase in mean pulmonary arterial pressure 
were seen compared with baseline measurements, 
whereas Pao, did not differ significantly from 
baseline. 


LOBAR COLLAPSE AND L-NAME 


Collapse of the left lower lobe caused a reduction in 
fractional blood flow to the left lower lobe to 6.0 
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B Collapse Collapse + L-NAME 


Figure 2. Relative perfusion (Qt11/Qr) to the left lower lobe at 
baseline (B) and during lobar collapse, before (Collapse) and 
after (Collapse+iL-NAME) inhalation of L-NAME 0.2-1 mg kg". 
Individual and mean values (bold line) are shown. The marked 
decrease in lobar perfusion caused by lobar collapse was 
enhanced significantly by inhalation of L-NAME. 


(3.3) % and a decrease in Pao, There was also an 
increase in mean pulmonary arterial pressure by a 
mean of 3 mm Hg. Re-opening of the lobe (Fto, 0.8) 
before L-NAME increased fractional blood flow to 
the left lower lobe to 19.4 (4.0) % and Pao, to 35.8 
(6.3) kPa. These values did not differ significantly 
from baseline (data not shown in tables). 

When the left lower lobe was collapsed a second 
time, after inhalation of L-NAME, fractional blood 
flow to the left lower lobe decreased to 2.7 (2.7) % 
(P<0.05) (fig. 2) and Pao, increased significantly. 
There was a small, non-significant increase in mean 
pulmonary arterial pressure. There were no signifi- 
cant changes in cardiac output, heart rate or mean 
arterial pressure. When the left lower lobe at the end 
of the experiment was ventilated with 80% oxygen, 
fractional blood flow to the left lower lobe and Pao, 
did not differ significantly from baseline measure- 
ments, but mean pulmonary arterial pressure re- 
mained increased. 


L-ARGININE 


I.v. injection of L-arginine 1 mg kg” to three animals 
reversed the reduction in fractional blood flow to the 
left lower lobe caused by inhaled L-NAME. In these 
pigs with lobar collapse, mean fractional blood flow 
to the left lower lobe was 9.1% before L-NAME and 
3.9% after, while injection of L-arginine increased it 
to 8.7 % (fig. 3). 


L-NAME TO BOTH LUNGS 


After delivery of L-NAME to both lungs in two 
animals, there was an increase in mean arterial pres- 
sure of approximately 20 mm Hg both during 
normoxia and hypoxia. There was also an increase in 
mean pulmonary arterial pressure (3 mm Hg during 
normoxia and 4—5 mm Hg during hypoxia), but there 
was no change in cardiac output or arterial oxygena- 
tion. 


Discussion 

The major finding of this study was that selective 
inhalation of a nitric oxide synthase inhibitor to an 
hypoxic or subsequently collapsed lobe reduced 
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Figure 3 In three pigs with lobar collapse, L-arginine 1 g kg was 
infused after inhalation of -NAME; relative perfusion (Q111/Qr) 
of the collapsed lobe before inhalation of L-NAME (Collapse), 
after inhalation of L-NAME (L-NAME) and after infusion of 
L-arginine (L-NAME+ L-Arginine). L-Arginine reversed the effect 
of L-NAME in all three animals. 





blood flow to this lobe and improved arterial 
oxygenation without causing systemic effects. It has 
been reported previously that nitric oxide synthase 
inhibitors constrict pulmonary vessels and that this 
effect is more pronounced during hypoxic condi- 
tions’. In regional hypoxia, i.v. administration of 
nitric oxide synthase inhibitors enhances hypoxic 
pulmonary vasoconstriction and thus diverts blood 
flow away from the hypoxic region and improves 
arterial oxygenation” ”. However, i.v. administration 
of L-NAME causes an increase in mean arterial pres- 
sure and a decrease in cardiac output, except when 
used in very small doses ?”. 

Administration of L-NAME via the airways to the 
target organ, that is the hypoxic lobe, caused a reduc- 
tion in lobar blood flow similar to that seen during 
i.v. infusion’. A much lower dose was delivered by 
nebulization than by infusion (0.2-1 mg kg" vs 30 mg 
kg"); however, no dose-response experiments were 
performed in either study. In this way, systemic 
effects could also be avoided and neither cardiac out- 
put nor mean arterial pressure changed. In addition, 
inhalation of L-NAME caused only a small increase 
in mean pulmonary arterial pressure by approxi- 
mately 2—3 mm Hg, which can be compared with the 
pronounced increase seen after i.v. administration, 
when mean pulmonary arterial pressure increased by 
more than 15 mm Hg”. Delivery of L-NAME to both 
lungs in two animals, caused systemic effects with a 
pronounced increase in mean arterial pressure, 
presumably because of higher uptake of L-NAME to 
the systemic circulation. 

Inhalation of nitric oxide synthase inhibitors, 
L-NAME and N*®-monomethyl-L-arginine 
(L-NMMaA), has been shown previously to cause an 
increase in tracheal tone and also to induce airway 
hyper-responsiveness to histamine, carbachol and 
metacholine’. In this study, mean airway pressure 
did not change during or after inhalation of L-NAME 
but this does not preclude smaller alterations in 
airway tone. 

In regional hypoxia, the hypoxic vasoconstrictor 
response has been reported to be complete after 15 
min of hypoxia; prolonged hypoxia does not appear 
to potentiate or decrease this response” ™® although 


one study reported differently’. Our measurements 
were performed after 30 min of hypoxia, at a time 
when the vasoconstrictor response was assumed to 
be stable. In atelectasis, the vascular response is of 
similar magnitude, but Glasser and colleagues 
reported it to be slower, with a maximal response 
after 60 min”. Our recordings were made after 30 
min of lobar collapse, which according to Glasser 
and colleagues is too early, however, we found that 
lobar blood flow was always stable after 15-20 min of 
lobar collapse. 

Repeated hypoxic challenges have been reported to 
potentiate the hypoxic vasoconstrictor response in 
lobar hypoxia in the dog” which, in our study, could 
be a cause of error. However, there are also reports 
showing no potentiation of hypoxic pulmonary vaso- 
constriction in dogs with unilateral hypoxia” or in 
humans”. To our knowledge, there are no reports of 
repeated regional hypoxia induced in pigs but 
unpublished data from our laboratory showed no 
enhancement of the hypoxic response after three 
periods of lobar hypoxia, each lasting for 30 min 
(Fredén and colleagues, 1995). 

In the ventilated lung, alveolar oxygen is the most 
important determinant of hypoxic pulmonary vaso- 
constriction but, in atelectasis, PVo, becomes more 
important”. A reduction in P¥g could therefore 
decrease fractional blood flow to the left lower lobe 
and be a source of error; however PV, did not alter 
in any of the groups in our study (see table 3). 

The clinical implication of this study is one-lung 
ventilation in thoracic surgery. Inhalation of 
L-NAME to the lung that is not to be ventilated 
would, according to our results, decrease shunting 
and improve arterial oxygenation. Improvement in 
Pao, in this study was not impressive but it is impor- 
tant to keep in mind that the pig is known to develop 
a very strong vascular response to hypoxia”, and 
blood flow to the left lower lobe was reduced 
markedly during hypoxia or the collapse per se (see 
table 2). Furthermore, the effect of L-NAME may 
have been more marked if one entire lung had been 
rendered hypoxic rather than just one lobe. The use 
of one lobe instead of one lung in this study was 
because of the bronchial anatomy of the pig, which 
makes separation of the two lungs difficult. However, 
increased absorption of L-NAME to the circulation 
and ensuing systemic effects cannot be excluded if 
L-NAME is delivered to a whole lung. 

In ARDS, inhalation of nitric oxide has been 
shown to improve oxygenation and lower pulmonary 
artery pressures”. A combination of inhaled nitric 
oxide and i.v. administration of a nitric oxide 
synthase inhibitor has been tested in animal models 
of ARDS*”. Although the results have varied, it 
appears to be an interesting approach to constrict 
vessels in shunt areas. Obviously our model based on 
inhalation of L-NAME would not be feasible in 
ARDS; it might even be harmful, as L-NAME would 
only reach the ventilated areas and probably increase 
the degree of shunting. 

In conclusion, the present study has shown that the 
selective delivery of nebulized L-NAME reduces 
blood flow to a hypoxic or collapsed lung lobe with- 
out causing any systemic effects. It may, in the future, 
be a way of reducing shunting during one lung venti- 
lation; this, however, requires further study. 
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SHORT COMMUNICATIONS 


Influence of patient position on withdrawal forces during removal of lumbar extradural catheters 


G. N. Morris, B. B. WARREN, E. W. HANSON, F. J. Mazzko AND D. J. DIBENEDETTO 


Summary 


We have investigated the force required to 
remove lumbar extradural catheters from 88 
parturients to determine the effects of patient 
positioning at removal, relative to the position at 
insertion. Parturients were allocated randomly 
to one of four groups: LS (lateral insertion, 
sitting withdrawal), LL (lateral insertion, flexed 
lateral withdrawal), SL (sitting insertion, lateral 
withdrawal) or SS (sitting insertion, sitting with- 
drawal). In both positions, the lumbar spine was 
kept maximally flexed. The force required to 
remove the catheter was measured at with- 
drawal. We found that the withdrawal force was 
influenced by the relationship between the posi- 
tion at removal and that at insertion, and we rec- 
ommend that for ease of removal, patients 
should be placed in the same position as they 
were at the time of insertion. Compared with all 
other groups, the withdrawal force in patients in 
group LS was significantly greater (P<0.05). (Br. 
J. Anaesth. 1996;77:419-420) 


Key words 
Equipment, catheters extradural. Anaesthesia, obstetric. 





Extradural catheters are usually removed without 
complications. However, there are reports of cath- 
eters that are difficult to remove, catheter breakage 
and shearing’’. Fragments of catheter may be 
sequestered in the extradural space. Removal of an 
extradural catheter also has the potential for 
inducing extradural haematoma formation‘. Hence, 
minimizing the extraction force is desirable. Previous 
studies have indicated that the force at extraction of 
lumbar extradural catheters was significantly greater 
with patients sitting compared with the lateral 
position’®. These studies did not consider the 
position of the patient at insertion as an influencing 
factor. At insertion, the catheter is passed through a 
firm Tuohy needle and is held in a straight line to the 
extradural space. We hypothesized that if patients 
were placed in the same position for removal as they 
were at insertion, the catheter would again take a 
straight course and be less likely to be held by 
adjacent structures (lumbar fascia, vertebral arches 
and vertebral processes). 


Methods and results 

We studied 88 parturients at the University Hospital 
requesting analgesia for labour and delivery, Caesar- 
ean section, or both, using a standardized set (Baxter 


Healthcare Corporation, Cat. No. 2T0023). The 
study was approved by the Human Investigation 
Committee at the University of Virginia and 
informed consent was obtained from all patients. 
Patients were allocated randomly to one of four 
groups, depending on the position of the patient dur- 
ing insertion of the extradural catheter (sitting (S) or 
lateral (L)) and the position during removal of the 
catheter: LL, SS, LS or SL. Patients were ASA I or IL 
and the usual exclusion criteria, including chronic 
low back ache or previous lumbar spine surgery, were 
applied. 

All extradural catheters were inserted via the L2-3 
or L3—4 intervertebral space using a 17-gauge Tuohy 
needle with loss of resistance to normal saline to 
identify the extradural space. A 19-gauge, styletted 
extradural catheter, with bullet tip and three lateral 
eyes, was threaded to allow 2-5 cm to remain in the 
extradural space. The position of the patient during 
insertion and removal was either lying in the lateral 
position or sitting with the legs over the edge of the 
bed, according to group allocation. In both positions 
the lumbar spine, hips and knees were kept 
maximally flexed. The catheter was left in situ until 
after vaginal or Caesarean section delivery. At 
removal, the catheter was connected to a portable 
force gauge using a knot tied at the 20-30-cm 
catheter mark, and slow incremental traction was 
applied in a direction perpendicular to the skin of the 
back. Peak tension during withdrawal was measured 
by a Normark digital force gauge (Normark Corpo- 
ration, Minneapolis, MN, USA) with an accuracy to 
within 0.56 Newtons (N). The investigator who 
inserted the catheter also removed the catheter in all 
but three cases, when they were removed by another 
investigator. All catheters were removed intact, with- 
out stretching or kinking. The duration that the cath- 
eter was in place (h), depth of the lumbar extradural 
space from the skin and length of the catheter left in 
situ just before withdrawal (sp 0.5 cm), were noted. 

Patient data were comparable in the four groups 
(table 1). Ten unused catheters were clamped at the 
tip and tested for break strength using the same 
equipment. 

Data were analysed by Kruskal-Wallis one-way 
analysis of variance, followed by Dunn’s method for 
pairwise multiple comparison, using SigmaStat 
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Table 1 Patient data (mean (sp or range)) and extradural 
catheter withdrawal force (mean (sp) and median). Groups LL, 
SS, LS and SL = position of patient at catheter insertion and 
removal, where the first letter refers to insertion (lateral (L) or 
sitting (S)) and the second to removal (lateral (L) or sitting (S)). 
* P < 0.05, LS compared with LL, SS and SL 


Group Group Group Group 
LL SS LS SL 
n 21 23 22 22 
Age (yr) 24.9 25.08 25.27 23.8 
(15-36) (1640) (15-44) (16-35) 
Height (m) 1.69 1.64 1.64 1.62 
(0.06) (0.05) (0.05) (0.07) 
Weight (kg) 73.06 81.65 76.93 78.96 
(14.25) (20.85) (14.34) (21.58) 
Length of catheterin 3.55 3.67 3.5 3.8 


extradural space (0.59) (0.67) (0.74) (0.73) 
(cm) 

Depth of catheterin 4.98 6.04 5.73 5.51 
extradural space (1.49) (2.01) (1.16) (1.63) 
(cm) 

Duration of catheter 5.92 10.0 7.11 5.9 
in extradural space (5.5) (6.02) (4.81) (2.48) 
(h) 

Force required to 
remove extradural 


catheter 

Mean force N) 1.71 2.04 3.17 1.25 
(0.84) (1.03) (1.22) (0.84) 

Median force (N) 1.67 1.95 3.33* 0.97 


Gandel Scientific Software, San Rafael, CA, USA). 
P<0.05 was considered statistically significant. The 
power of the study was 0.79 (where difference in 
group mean to be detected was 1.0, expected sp of 
results=1.0, number of groups=4, group size=22 and 
a=0.05). The force required to remove the catheters 
in group LS (lateral position at insertion, sitting 
position at removal) was significantly greater com- 
pared with all other groups (table 1). Comparison 
between the other groups revealed no significant dif- 
ferences. The greatest recorded force occurred in 
group LS (5.8 N). The mean break strength of 10 
extradural catheters was 15.9 N, breakage occurring 
at the site of one of the three lateral eyes in all 
instances. 


Comment 


Minimizing the force at extraction of an extradural 
catheter may reduce the risk of breakage with 
sequestration. Previous studies advocated the lateral 
position for ease of removal’ * without considering the 
position of the patient at the time of insertion of the 
catheter. In this study we standardized all variables 
except that of position at insertion and removal. 

We determined that significantly greater force was 
required to remove catheters in group LS compared 
with all other groups. Thus our findings agree with 
those of Boey and Carrie‘ who found that when cath- 
eters were inserted with patients in the lateral 
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position, less force was needed if they were also 
removed in this position (group LL). We also identi- 
fied a difference between groups LS and SS 
(different positions at insertion, both sitting at with- 
drawal) confirming the importance of the position of 
the patient at insertion in relation to the position at 
withdrawal, a fact that has not been documented 
previously. There was no detectable difference 
between groups SS and LL, implying that the sitting 
position at removal per se did not result in an elevated 
extraction force if the catheter was also inserted in 
this position. These are the groups in which the cath- 
eter was most likely to be held in a straight course at 
both insertion and removal. However, the significant 
difference between groups LS and SL (the position at 
removal differs from that at insertion in both groups) 
cannot be explained by a more tortuous course of the 
catheter alone, and indicates additional influencing 
factors. 

We noted a large difference between the maximum 
recorded force at removal (5.8 N) and break strength 
of the catheters used (15.9 N). The weakest point of 
the catheter was at the site of the side wall 
perforations. However, should partial shearing occur 
inadvertently by manipulation of the catheter while 
the Tuohy needle is in place, the break strength may 
be reduced considerably. 

In summary, the force required to remove lumbar 
extradural catheters was affected by the position of 
the patient both at insertion and removal. We agree 
with previous investigators that when an extradural 
catheter is placed with the patient in the lateral posi- 
tion, the withdrawal force is significantly elevated 
when this patient is seated at the time of removal’®. 
However, when a catheter is placed in the sitting 
position, our results indicated that removal in this 
same position required no extra force. The position 
of the patient at extraction in relation to the position 
at insertion is an influencing factor which has not 
been recognized previously. Therefore, if resistance 
or stretching of the catheter occurs while attempting 
withdrawal, we recommend placing patients in the 
same position as they were at the time of insertion. 
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Effect of oral antihistamine premedication on mivacurium-induced histamine release and side 


effectst 


A. DoENICKE, J. Moss, W. LORENZ, M. MAYER, J. Rau, A. JEDRZEJEWSKI AND P. OSTWALD 


Summary 


In this randomized, double-blind, placebo- 
controlled study, we have examined histamine 
release, haemodynamic and cutaneous effects 
of mivacurium administered in low (0.105 mg 
kg"=1.5xEDg,) and high (0.21 mg kg'=3xEDgg) 
doses and assessed if oral pretreatment with 
H,/H, antagonists would blunt the effects of 
mivacurium-induced histamine release. Patients 
received either ranitidine 300 mg and dime- 
thindene 0.1 mg kg“ (H, blocker) or placebo, 
orally 1 h before induction of anaesthesia. 
Twelve patients were allocated to each group. 
Although plasma concentrations of histamine 
increased significantly in three patients in the 
placebo group given low-dose mivacurium, the 
mean value for the group was unchanged. 
Plasma concentrations of histamine increased 
significantly in five patients in the placebo group 
after high-dose mivacurium and the mean value 
was increased. There was no consistent correla- 
tion between haemodynamic changes, cutane- 
ous manifestations and histamine concentra- 
tions. Significant cardiovascular reactions 
occurred in six patients in the placebo groups 
and in only one patient treated with antihista- 
mines. (Br. J. Anaesth. 1996;77:421-423) 


Key words 


Neuromuscular block, mivacurium. Histamine. Histamine, 
antihistamines. Premedication, ranitidine. Premedication, 
dimethindene. 


Mivacurium is a non-depolarizing neuromuscular 
blocking agent with a relatively short duration of 
action. Increasing the dose of mivacurium may speed 
the onset of neuromuscular block, but may also 
increase histamine release and adverse haemody- 
namic effects'?. Previous studies have shown that 
prophylactic use of i.v. antihistamines can attenuate 
many of the histamine-mediated side effects of atra- 
curium’. In this randomized, double-blind, placebo- 
controlled study, we have investigated if oral antihis- 
tamines are effective in reducing the histamine- 
related side effects of mivacurium. 


Methods and results 


After obtaining approval from the hospital’s Ethics 
Committee and written informed consent, we 
studied 48 ASA I-II patients of both sexes, aged 
18-65 yr, weighing 45-100 kg, undergoing elective 


surgery. Subjects were allocated randomly to one of 
four groups. All patients received premedication with 
lormetazepam 2 mg orally, 1-2 h before induction of 
anaesthesia. One hour before induction of anaesthe- 
sia, patients received either ranitidine 300 mg and 
dimethindene 0.1 mg kg" or placebo orally. Anaes- 
thesia was induced with thiopentone 5—7 mg kg" and 
maintained by spontaneous breathing of a mixture of 
0.8-1.5% enflurane and 66% nitrous oxide in oxygen 
via a face mask. Six minutes after administration of 
thiopentone, mivacurium 0.105 mg kg“ or 0.21 mg 
kg" was given over 30 s. Administration of drugs in 
our study differed from that of routine clinical prac- 
tice in that there was a temporal delay of approxi- 
mately 6 min between administration of thiopentone 
and neuromuscular block. This was done intention- 
ally so that we might examine the individual effects of 
the two drugs. 

Blood was obtained for measurement of plasma 
concentrations of histamine 1 min before administra- 
tion of thiopentone, 3 and 5 min after thiopentone, 
and 3 and 5 min after mivacurium. Plasma 
concentrations of histamine were measured using the 
fluorometric enzymatic method‘. Heart rate was 
measured continuously by ECG. Systemic arterial 
pressure was recorded by periodic, non-invasive 
measurement by an oscillation method (Dinamap, 
Critikon) every 1 min. Changes in arterial pressure 
or heart rate were considered significant if they devi- 
ated 20% from baseline values. We identified the 
most significant changes in arterial pressure or heart 
rate within the first 5 min of drug administration as 
peak levels. An investigator blinded to the study 
assessed cutaneous manifestations of histamine 
release on a scale described previously’. 

Data are presented as mean (sp). Data were 
analysed using the Mann-Whitney U and Wilcoxon 
tests. The effects of antihistamines in preventing 
mivacurium-induced flush were analysed by Fisher’s 
exact test and the Mantel-Haenszel test, which 
permits combination of chi-square data‘. 
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There were no significant differences between the 
treated and placebo groups in age, weight, type of 
procedure or ASA classification (grades I or ID). 

Thiopentone alone caused similar decreases in 
arterial pressure and heart rate in both groups. Mean 
plasma concentrations of histamine did not increase 
after administration of thiopentone. While five 
patients in the placebo group and three in the 
antihistamine group had increased concentrations, 
there was no correlation between these changes and 
hypotension and flush (see table 1). 


Comment 


Plasma concentrations of histamine increased signifi- 
cantly in three patients in the placebo group given 
low-dose mivacurium, although the mean value was 
unchanged. After high-dose mivacurium, histamine 
concentrations were increased in five patients in the 
placebo group, and mean values increased from 
baseline values of 0.59 (0.56) to 5.91 (12.31) ng ml’. 
Antihistamines decreased mivacurium-induced his- 
tamine release. We had observed previously that pre- 
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treatment with similar regimens of i.v. antihistamines 
significantly reduced histamine concentrations 2 min 
after administration of atracurium (0.24 vs 0.38 ng 
ml’; P<0.04)°. Our results using oral antihistamines 
were even more dramatic. In those patients pre- 
treated with antihistamines receiving high-dose 
mivacurium, however, the increase in mean plasma 
histamine concentrations was significantly attenu- 
ated (0.76 (1.14) vs 5.32 (12.22) ng ml’; Ps0.04). 
We suggest therefore that in addition to receptor 
antagonism, another significant effect of antihista- 
mines may be to inhibit drug-induced histamine 
release. 

Heart rate and systolic arterial pressure did not 
differ significantly between the placebo and treat- 
ment groups after administration of mivacurium. In 


` the treated group, only one patient (No. 21) showed 


significant cardiovascular changes after either low- or 
high-dose mivacurium, even in the presence of 
increased histamine concentrations. However, four 
patients in the placebo group exhibited significant 
tachycardia after high-dose mivacurium (table 1). 


Table 1 Relationship between histamine concentrations (ng ml) (before (baseline (B)) and after mivacurium (M)) and systolic 
arterial pressure (SAP), heart rate (HR) and cutaneous manifestations. Individual values are shown only for patients exhibiting 
significant cardiovascular changes or cutaneous manifestations, although mean (sp) values are shown for each treatment group. Values 
indicate peak concentrations or concentrations obtained after mivacurium. *Significant changes in histamine concentration compared 
with baseline; tsignificant changes (> 20%) in SAP and HR compared with baseline. F = flysh 








Histamine concentration SAP HR 
Pen SS 
No B +3/+5 min B +2/+4 min B +2/+4 min Cutaneous reactions 
after M after M after M after M (flush) 
Premedication: placebo (n=11) — mivacurium 1.5xED,. — peak values 

6 1.20 0.69 132 117 95 90 F (+ 1 min) 
15 0.67 0.33 142 113+ 77 73 F (+ I min) 
20 0.84 1.26* 135 124 101 84 F (+ 2 min) 
26 0.63 1.05* 117 111 102 86 
34 0.13 0.09 131 110 112 95 F (+ 1 min) 
46 0.19 3.07* 124 102 83 70 
(n=11) 0,63 (0.43) 0.75 (0.85) 120 (9) 108 (8) 85 (11) 85 (13) 

Premedication: placebo (n=12) — mivacurium 3xED,, — peak values 

2 1.86 1.86 112 109 72 89 F (+ 1 min) 

4 1.60 21.07* 105 89 79 104+ F (+ 1 min) 
10 0.66 0.78 121 105 79 87 F (+ 2 min) 
11 0.46 1.45* 113 69+ 93 101 F (+ J min) 
19 0.25 0.43* 120 125 96 83 F (immediate) 
24 0.37 0.45 118 110 74 93+ F (+1 min) 
31 0.30 0.57 137 120 76 81 F (+ 1 min) 
44 0.39 40.30* 130 75ł 80 lilt Pronounced flush 
45 0.22 3.37* 127 111 75 109+ F (+ 1 min) 
(n=12) 0.59 (0.56) 5.91 (12.31) 116 (12) 105 (20) 88 (10) 93 (14) 

Premedication: H, + H, receptor antagonists (x=11) — mivacurium 1.5xED,. — peak values 

5 1.50 10.11* 137 115 99 73 

8 0.33 0.31 146 127 88 109 F (+ 1 min) 
35 0.33 0.63* 121 138 95 102 
40 0.36 3.03* 116 104 70 76 
(n=11) 0.46 (0.38) 1.45 (2.99) 115 (9) 115 (17) 86 (10) 85 (1) 

Premedication: H, + H, receptor antagonists (n=12) — mivacurium 3xED,,. — peak values 

9 0.60 0.84 119 104 91 80 F (+ 1 min) 
14 0.19 0.52 124 117 94 102 F (+ 1 min) 
21 0.24 1.05* 132 93+ 94 96 
23 0.16 1.14* 136 108 91 76 F (+ 1 min) 
25 0.39 4.17% 137 127 103 112 F (+ 1 min) 
48 0.30 0.78% 111 116 89 105 
(n=12) 0.55 (0.62) 1.32 (1.47) 113 (11) 112 (15) 92 (13) 92 (13) 





Mivacurium-induced histamine release 


In addition, two patients in the placebo group 
showed a marked decrease in systolic arterial 
pressure after high-dose mivacurium. In patient No. 
4, heart rate increased (from 79 to 104 beat min”) 
coincident with a histamine concentration of 21.07 
ng ml", although there was no significant decrease in 
arterial pressure. In patient No. 44, arterial pressure 
decreased from 130/58 to 75/40 mm Hg after 
high-dose mivacurium. Six patients, all in the 
placebo group, showed evidence of significant 
histamine release without any evidence of hypoten- 
sion. Neither the frequency nor extent of hypoten- 
sion after administration of mivacurium were corre- 
lated significantly with histamine concentrations. 

After low-dose mivacurium, a flush was seen in five 
patients, four of whom were in the placebo group 
(table 1). After high-dose mivacurium, the number of 
cutaneous reactions increased in both groups; nine in 
the placebo and four in the treated group. Although 
antihistamines did not influence the likelihood of 
flush after either low- or high-dose mivacurium (two- 
tailed Fisher’s exact test, P=0.31 and P=0.09, 
respectively), when data from low- and high-dose 
mivacurium were combined there was convincing 
evidence for such protection (Fisher’s exact test, 
P=0.03). Using the more definitive Mantzel- 
Haenszel test, the likelihood of flush in the antihista- 
mine group compared with the placebo group was 
0.25 and 0.44 (95% CI 0.32-1.89 and 0.18-1.05) 
for low- and high-dose mivacurium, respectively, and 
0.38 (95% CI 0.17-0.86) when the data were 
combined. 

Six of the seven significant cardiovascular changes 
observed were accompanied by flush, and four of the 
six exhibited concomitant increases in plasma 
concentrations of histamine. However, our findings, 
and those of our previous atracurium study’, suggest 
that many patients flush without cardiovascular 
changes. In this study, flush occurred in 13 patients 
in the placebo group, although plasma histamine 
concentrations increased without flush or cardiovas- 
cular changes in two patients. We postulate that not 
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all cutaneous manifestations associated with mivacu- 
rium are directly attributable to histamine release 
and thus may not be prevented by antihistamines. 

Our results may have clinical implications. While 
significant hypotension occurred in three patients in 
the placebo group, only one of the antihistamine- 
treated patients sustained significant hypotension 
despite evidence of histamine release. In most 
patients, oral pretreatment with H, and H, antago- 
nists appeared to be effective against mivacurium- 
induced rash or flush. It is well known that slow 
injection or the use of low doses of mivacurium may 
reduce histamine release after administration of 
mivacurium. Our results indicate that the use of oral 
H, and H, receptor antagonists represents another 
option for clinicians to prevent or at least reduce 
histamine-related side effects after administration of 
high-dose mivacurium. 
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Edrophonium and human plasma cholinesterase combination for antagonism of 


mivacurium-induced neuromuscular block 


M. Nacut, A. H. SAMARKANDI, H. S. BAKHAMEES, A. TURKISTANI AND S. W. ALHARBY 


Summary 

We have compared the reversal characteristics 
of mivacurium after administration of an 
edrophonium—plasma_ cholinesterase (PCHE) 
combination with that produced by each antago- 
nist alone. Forty ASA | adults were given 
mivacurium 0.15 mg kg during fentanyl- 
thiopentone-nitrous oxide-isoflurane anaesthe- 
sia. TOF stimulation was applied to the ulnar 
nerve every 12 s, and the force of contraction of 
the adductor pollicis muscle was recorded. 
When spontaneous recovery of first twitch 
height (T1) reached 10% of its initial control 
value, patients were allocated randomly to one 
of four groups (n=10 in each). Neuromuscular 
function in patients in group 1 (control group) 
was allowed to recover spontaneously. Patients 
in groups 2-4, respectively, received edropho- 
nium 1 mg kg” (group ED), exogenous PCHE 
equivalent to activity present in 25 mi kg’ of 
human plasma (group PCHE) or edrophonium 1 
mg kg” with exogenous human PCHE equivalent 
to the activity present in 25 ml kg’ of human 
plasma (combination group). The time to attain a 
TOF ratio of 0.75 in the combination group was 
4.6 (sp 0.9) min. This was shorter (P<0.01) than 
that observed in patients in the control (16.8 (3.3) 
min), ED (8.9 (3.6) min) and PCHE (9.3 (1.6) min) 
groups. There was no difference in recovery 
indices between groups ED and PCHE. We have 
demonstrated that the edrophonium—PCHE com- 
bination significantly accelerated recovery of 
mivacurium-induced block compared with that 
observed with the use of individual antagonists. 
(Br. J. Anaesth. 1996;77:424-426) 


Key words 
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Mivacurium chloride is a bis-benzylisoquinolinium 
non-depolarizing neuromuscular blocking agent’. 
Spontaneous recovery from 90% mivacurium block 
to 95% twitch height and train-of-four (TOF) of 
0.75 normally occurs within 15 min’. We noted that 
these recovery times can be shortened by administra- 
tion of edrophonium, neostigmine or human plasma 
cholinesterase (PCHE)’’. 

Although both PCHE and edrophonium produce 
dose-dependent antagonism of mivacurium-induced 
block’*, each drug acts by a different mechanism. 


PCHE is an enzyme that enhances hydrolysis of 
mivacurium in plasma, whereas edrophonium (an 
anticholinesterase) acts mainly by increasing the 
concentration of acetylcholine in the end-plate 
region of the muscle. These differences in pharmaco- 
dynamic characteristics might confer some advan- 
tages in combining the two drugs in clinical practice. 
Accordingly, we have compared the reversal charac- 
teristics of mivacurium after PCHE and edropho- 
nium in combination with that produced by each 
drug alone. 


Methods and results 


After obtaining institutional approval and informed 
consent, we studied 40 ASA I patients of both sexes, 
aged 16-51 (mean 34) yr, weighing 52-85 kg (mean 
68.8 (sD 8.9) kg). All patients were undergoing elec- 
tive procedures, had no neuromuscular, renal or 
hepatic disease, and were not receiving any drug 
known to interfere with neuromuscular function. 

All patients received lorazepam 2 mg orally, 90 min 
before operation. An infusion of lactated Ringer’s 
solution was given i.v. before induction of anaesthe- 
sia. The electrocardiogram, haemoglobin oxygen 
saturation by pulse oximetry and arterial pressure 
were monitored. Temperature was monitored by a 
nasopharyngeal thermistor and maintained at 36.52 
0.5 °C. Anaesthesia was induced with fentanyl 2 pg 
kg' and thiopentone 3-5 mg kg’, and maintained 
with 70% nitrous oxide and 0.5% inspired isoflurane 
in oxygen. Concentrations of isoflurane, nitrous 
oxide, oxygen and carbon dioxide were measured 
continuously by a multiple-gas analyser (Capnomac, 
Datex Instrumentarium Corporation, Helsinki, Fin- 
land). Ventilation was adjusted to maintain normo- 
capnia (end-tidal carbon dioxide pressure 4.8-5.3 
kPa). 

Isoflurane was administered for 30 min before 
control twitch height was recorded. The ulnar nerve 
was stimulated supramaximally at the wrist with 
square pulses of 0.2-ms duration, delivered in a 
train-of-four (TOF) sequence at 2 Hz every 12 s, 
using a Myotest peripheral nerve stimulator (Biom- 
eter International, Odense, Denmark). The resultant 
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Table 1 Plasma cholinesterase (PCHE) activity, first twitch (T1) and train-of-four (TOF) recovery from 10% block (n = 10) (mean 
(SC)). ' Blood sample obtained before induction of anaesthesia; ? Blood sample obtained when TOF ratio had recovered to 0.753? n = 8 
patients, in the remaining two patients twitch recovery was > 25% after administration of edrophonium; * Twitch recovery was > 25% 
after administration of the PCHE-edrophonium combination in all patients. * P< 0.0” P<0.01 compared with the spontaneous 


recovery group (Dunnett’s mean comparison between the control and other group? 


(Tukey’s Studentized range method for groups that received different antagonists) 





PCHE PCHE 
activity (first activity Percent 
assay)! (ref. (second change in 
range = 7— assay)? PCHE 
Group Antagonist 19iuml) Gumt’) activity 
Group 1 — 13.3 (1.9) 13.2 (1.8) -0.3 (1.8) 
Edrophonium 13.6 (2.2) 12.5 (1.6)tf -7.9 (6.3) 
Group 2 l makpi 
Group 3 PCHE 25ml 11.7(2.5) 21.6 (3.9** +86.4 (20) 
21.5 (1.5)** +80.1 (23) 


Times to T1 recovery 





< 0.01 compared with other study groups 


Tiat (min) Time to 

10 min TOF ratio at TOF = 0.75 
(% control) 10 min 25-75% 10-95% (min) 

72.4 (13.7) 0.50 (0.11) 8.4 (3.0) 15.3 (4.7) 16.8 (3.3) 
90.2 (12.7)** 0.77 (0.13)** 5.3 (3.4)°* 8.5 (3.5)** 8.9 (3.6)** 
98.8 (3.2)** 0.76 (0.06)** 3.9 (1.0)* 7.3 (1.5)** 9.3 (1.6)** 
100 (0)** 0.88 (0.5)** ++ —* 5.7 (0.9)** 4.6 (0.9)** + 


Group 4 PCHE 25m! 12.1 (1.2) 
kg"! + 


edrophonium 
1 mg kg" 


contraction of the adductor pollicis muscle was 
recorded using a force displacement transducer and 
neuromuscular function analyser (Myograph 2000, 
Biometer International, Odense, Denmark). Preload 
tension on the thumb was maintained at 300 g 
throughout the study. 

After a stable neuromuscular response was ob- 
tained for 10 min, the patient received mivacurium 
0.15 mg kg" i.v. as a bolus dose. Tracheal intubation 
was performed when neuromuscular response was 
abolished. Additional increments of mivacurium 
0.1 mg kg” were given to patients who required con- 
tinued neuromuscular block whenever the first 
twitch recovered to 10% of the control value. 

At the end of surgery, when first twitch height (T1) 
(the first response in the TOF) had recovered to 10% 
of control, patients were allocated randomly to one of 
four groups (n=10 in each). Neuromuscular function 
in patients in group 1 (control) was allowed to 
recover spontaneously, whereas patients in groups 
2-4, respectively, received edrophonium 1 mg kg” 
(group ED), exogenous human PCHE equivalent to 
the activity present in 25 ml kg’ of human plasma 
(group PCHE) or edrophonium 1 mg kg" with exo- 
genous human PCHE equivalent to activity present 
in 25 ml kg’ of human plasma (combination group). 
All drugs were given in 5 s into a rapidly flowing i.v. 
infusion. In the combination group (group 4), drugs 
were given simultaneously into two separate i.v. cath- 
eters inserted into one arm. Atropine 0.02 mg kg" 
was given to all patients who received edrophonium. 

Serum cholinesterase P Behring was used in this 
study, which is a dry concentrate of highly purified 
enzyme. The contents of each vial (27-83 mg) are 
equivalent in activity to 500 ml of fresh normal 
human plasma. However, cholinesterase activity is 
standardized by the manufacturer. The purified 
human PCHE is derived from donor plasma, that is 
hepatitis B surfactant antigen-negative and anti-HIV- 
1-negative. It is pasteurized at 60 °C to inactivate 
DNA viruses. The risk of treatment with purified 
human PCHE is considered comparable with 
administration of human albumin. 

The TOF ratio (the amplitude of the fourth evoked 
response as a fraction of the first evoked response: 
T4/T1) was recorded continuously in all patients 
until the TOF ratio recovered to 0.75 or more. 


Isoflurane was continued during this observation 
period. All patients were assessed in the recovery 
room, on admission and 10 min later, for signs of 
residual weakness by their ability to maintain 5-s 
head-lift, tongue protrusion and cough. 

In all patients, two venous blood samples were 
obtained from an antecubital vein in the contralateral 
arm to that used for i.v. fluid administration for 
measurement of plasma cholinesterase activity. The 
first sample was obtained before induction of anaes- 
thesia and the second when the TOF ratio had 
recovered to 0.75. Plasma cholinesterase activity was 
measured by the change in absorbance at 600 nm 
after hydrolysis of butyryithiocholine to thiocholine, 
using Du Pont Dimension, Clinical Chemistry 
System (Wilmington, DE, USA). 

Recovery times of the first twitch from 25% to 
75% (recovery index) and from 10% to 95% of con- 
trol, and time to a TOF ratio of 0.75 were compared 
using analysis of variance. Dunnett’s test was used to 
compare the spontaneous recovery group with each 
of the other groups. Comparisons between groups 
that received different antagonists (groups 2—4) were 
carried out using Tukey’s Studentized range method. 
All statistical analyses were carried out using BMDP 
statistical package, release 7.01 (University of 
California Press, Berkeley, CA, 1993). Unless other- 
wise specified, results are expressed as mean (sD). 
P<0.05 was considered statistically significant. 

Baseline activity of PCHE was similar and within 
the normal range in all groups (reference range 7-19 
iu mI") (table 1). The activity in the second assay was 
greatest (P<0.01) in patients who received exo- 
genous PCHE (groups 3 and 4) compared with those 
in groups 1 and 2. 

Final T1 recovery was always within 10% of the 
initial control value. Indices of recovery are shown in 
table 1. The initial T1 recovery in all patients in the 
combination group and in two patients in group ED 
was >25% of control. The times taken for twitch 
height to recover from 25% to 75% and from 10% to 
95% of control, and from 10% of control to a 
TOF=0.75 were significantly longer in patients in the 
contro! group compared with those in other groups 
(table 1). The time to attain a TOF ratio of 0.75 in 
the combination group was 4.6 (0.9) min. This was 
significantly shorter (P<0.01) than that observed in 
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patients in groups ED and PCHE. There was no dif- 
ference in recovery indices between groups ED and 
PCHE (table 1). 

There was no indication of residual weakness in 
the recovery room after anaesthesia. 


Comment 


We have demonstrated that the time to attain a TOF 
ratio of 0.75 (after return to 10% first twitch height) 
was shorter (P<0.01) with a combination of edro- 
phonium 1 mg kg’ and exogenous human PCHE 
equivalent to activity present in 25 ml kg” of human 
plasma than that observed in patients in the control 
(16.8 (3.3) min), ED (8.9 (3.6) min) and PCHE (9.3 
(1.6) min) groups. Further, both PCHE and 
edrophonium (in the doses used in this study and in 
patients with normal PCHE activity) had similar effi- 
cacy as antagonists of mivacurium-induced neu- 
romuscular block (table 1). 

The results of this study confirm our recently pub- 
lished data that administration of either edropho- 
nium or exogenous PCHE equivalent to activity 
present in 25 ml kg" of human plasma results in reli- 
able antagonism of mivacurium-induced neuromus- 
cular block’. We have also demonstrated that when 
antagonism of mivacurium was attempted with edro- 
phonium or PCHE alone, at 90% twitch depression, 
the time saved to return to TOF=0.75 compared 
with control was <8 min. However, with the use of 
the PCHE-edrophonium combination, mean time 
saved was >12 min. 

Our data suggest that when recovery is established, 
residual mivacurium block is sensitive to both 
increases in PCHE activity and inhibition of 
acetylcholinesterase at the neuromuscular junction. 
The relative importance of both components cannot 
be determined from our study. Although the magni- 
tude of recovery was similar after administration of 
either PCHE or edrophonium, the PCHE- 
edrophonium combination proved to be superior 
than any of the individual drugs alone. Each drug 
acts by a different mechanism. Increasing PCHE 
activity enhances hydrolysis of mivacurium in 
plasma. As the plasma concentration of mivacurium 
declines, there is net movement of mivacurium from 
the neuromuscular junction back into the blood. 
This accelerates recovery of neuromuscular function. 
In addition, inhibition of acetylcholinesterase at the 
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neuromuscular junction facilitates recovery further. 
It should be noted, however, that the pharmacologi- 
cal action of edrophonium is not limited to inhibition 
of acetylcholinesterase. Evidence suggests that the 
direct influences of the acetylcholinesterase drugs on 
neuromuscular transmission involve at least three 
distinct, although possibly interacting mechanisms: 
(a) weak agonist action, (b) formation of desensitized 
receptor complex intermediates, and (c) alteration of 
the conductance properties of active channels’. 

The dose of PCHE equivalent in activity to 25 ml 
kg’ of human plasma in a 65-kg patient represents, 
on average, the equivalent of PCHE activity of 1625 
ml of adult human plasma. Serum cholinesterase P 
Behring concentrate is expensive, at approximately 
$US 300 for one vial, and the shelf-life is 2 yr. There- 
fore, the average cost of PCHE administered per 
patient in groups 3 or 4 is more than $US 1000. 
Nevertheless, because of the prohibitive cost of this 
compound, this reversal modality is unlikely to have 
a routine practical application at this time. A possible 
exception might be the individual who is homo- 
zygous for atypical butyrylcholinesterase’. 
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Beneficial effects of dexmedetomidine on ischaemic myocardium of anaesthetized dogst 


P. M. H. J. ROEKAERTS, F. W. PRINZEN AND S. DE LANGE 


Summary 


We have studied the effect of dexmedetomidine 
during coronary artery stenosis (CAS) in dogs. 
Three periods of 15 min of CAS were induced at 
40-min intervals in two groups of dogs (dexme- 
detomidine compared with placebo). Dexme- 
detomidine was administered before the second 
and third periods of CAS in doses of 1 and 3 pg 
kg", respectively. Dexmedetomidine decreased 
plasma concentrations of noradrenaline by 
mean 71 (sem 9) %, heart rate by 8 (4) %, cardiac 
output by 30 (6) % and increased mean arterial 
pressure by 23 (10) %. Dexmedetomidine re- 
duced blood flow in non-ischaemic myocardium 
and in the ischaemic epicardial layer by 16 (8) %, 
but blood flow was preserved in the ischaemic 
mid-myocardial and subendocardial layers. Con- 
sequently, dexmedetomidine increased the 
ischaemic-non-ischaemic blood flow ratio. 
Dexmedetomidine did not change myocardial 
oxygen consumption but decreased myocardial 
oxygen demand from 4.91 (0.33) to 3.76 (0.25) 
umol min` g”, thereby reducing the oxygen defi- 
ciency of the ischaemic myocardium from 1.47 
(0.37) to 0.29 (0.32) pmol min“ g“. (Br. J. Anaesth. 
1996;77:427-429) 


Key words 


Sympathetic nervous system, adrenergic agonists. Heart, 
myocardial function. Sympathetic nervous system, dexme- 
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Preliminary studies suggest that perioperative use of 
dexmedetomidine may result in a decreased risk of 
adverse cardiac events, including myocardial ischae- 
mia’. This probably depends on a centrally mediated 
sympatholytic effect which decreases catecholamine- 
mediated stress responses. In contrast with these 
beneficial central effects, a, agonists may also cause 
peripheral and coronary vasoconstriction by stimula- 
tion of postjunctional a, adrenergic receptors. The 
effect of this vasoconstriction during myocardial 
ischaemia is controversial. Heusch and Deussen pre- 
sented evidence that a, adrenoreceptor activation 
can worsen ischaemia’. In contrast, other investiga- 
tors reported that a adrenoreceptor stimulation can 
beneficially modulate coronary blood flow during 
myocardial ischaemia by preventing transmural 
redistribution of blood flow away from ischaemic 
endocardium’. 

The aim of this study was to determine if systemic 
dexmedetomidine has beneficial effects on ischaemic 


myocardium in an animal model known to be highly 
sensitive to the direct, peripheral vasoconstrictor 
effect of a. agonists. 


Methods and results 


After obtaining animal Ethics Committee approval, 
mongrel dogs were anaesthetized with pentobarbi- 
tone and their lungs ventilated with 1% halothane 
and nitrous oxide in oxygen. The dogs were 
instrumented, as described previously‘, to measure 
aortic and left ventricular pressure and cardiac 
output. A cuff was placed on the left descending 
coronary artery (LAD). Coronary pressure was 
measured distal to the cuff. The degree of stenosis 
was controlled by keeping constant mean perfusion 
pressure distal to the stenosis using a Servo system 
feeding a motor pump, which determined the degree 
of cuff inflation. Global myocardial oxygen demand 
was estimated using the pressure-work index’. 
Regional oxygen consumption was measured from 
blood flow (radioactive microspheres) and local 
arterial—coronary venous oxygen content difference. 
Oxygen deficiency was calculated by subtracting 
oxygen consumption from oxygen demand. 

Five minutes before the first period of CAS, 
control blood samples were obtained and haemody- 
namic measurements were performed. Thereafter, 
CAS 1 was induced by reducing mean pressure in the 
LAD distal to the stenosis to 40% of mean arterial 
pressure. After 12 min of stenosis, microspheres were 
injected. Two minutes later, blood samples were 
obtained and haemodynamic measurements per- 
formed. Thereafter, the CAS was released. Twenty 
minutes after release of the stenosis, measurements 
were repeated, followed by administration of dexme- 
detomidine 1 ug kg” in the active drug group (m=11) 
and saline in the placebo group (n=9). Twenty min- 
utes after administration of dexmedetomidine, meas- 
urements were repeated followed by a second period 
of stenosis. Measurements during stenosis and the 
subsequent recovery period were the same as during 
the first episode of stenosis. This procedure was 
repeated a third time after administration of dexme- 
detomidine 3 ug kg“ in the drug group. 
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Figure 1 Regional blood flow distribution in non-ischaemic (left, A and c) and ischaemic (right, B and D) myocardium in the placebo 
(upper, A and 8) and drug (lower, c and D) groups, measured with radioactive microspheres. Transmural samples were obtained from the 
perfusion area of the LAD (ischaemic myocardium) and from the posterior wall and interventricular septum (non-ischaemic 
myocardium). Samples were divided into subendocardial, mid-wall and subepicardial layers. In this way, coronary blood flow was 
measured simultaneously in non-ischaemic and ischaemic myocardium during the three stenoses. Shaded bars=epicardial flow; open 
bars=mid-myocardial flow; solid bars=endocardial flow. CAS=Coronary artery stenosis. Data are mean (sem); n=9 in the placebo group, 
n=11 in the drug group. *Significantly different from corresponding CAS 1 value; fsignificantly different from corresponding value in 


other group. 


Two-way ANOVA for repeated measures was used 
for inter-group comparisons. Intragroup compari- 
sons were evaluated using one-way ANOVA for 
repeated measures and Fisher’s protected LSD test 
as post hoc test. Baseline values between the two 
groups were compared using Student’s z test. P<0.05 
was considered significant. Results are expressed as 
mean (SEM). 

Dexmedetomidine decreased heart rate (from 126 
(6) to 114 (5) beat min”), dP/dimax (from 1371 
(128) to 1177 (62) mm Hg s”) and cardiac output 
(from 4.2 (0.3) to 2.4 (0.4) litre min”) and increased 
mean arterial pressure (from 81 (4) to 98 (4) mm 
Hg) and systemic vascular resistance (from 1572 
(131) to 3902 (563) dyn s cm”). In the placebo 
group, no haemodynamic changes were observed 
throughout the study. 

Dexmedetomidine decreased plasma concentra- 
tions of noradrenaline from 121 (17) to 25 (12) pg 
ml". 

After dexmedetomidine 3 ug kg’, ischaemic—non- 
ischaemic blood flow ratios were significantly higher 
in the epicardial (from 0.81 (0.07) to 0.93 (0.09) and 
endocardial (from 0.33 (0.06) to 0.47 (0.10) layers 
compared with placebo (fig. 1). 

Dexmedetomidine increased haemoglobin con- 
centration from 7.2 (0.2) to 8.4 (0.3) mmol litre” 
and decreased myocardial oxygen demand from 4.91 


(0.33) to 3.76 (0.25) pmol min" g'. Regional 
myocardial oxygen consumption did not change after 
dexmedetomidine (from 3.08 (0.39) to 3.20 (0.51) 
umol min’ g’). Dexmedetomidine decreased myo- 
cardial oxygen deficiency from 1.47 (0.37) to 0.29 
(0.32) pmol min” g`. 


Comment 


In this study, dexmedetomidine decreased myocar- 
dial oxygen demand and reduced blood flow in non- 
ischaemic myocardium. This was related to its 
haemodynamic effects; reduction in heart rate and 
dP/dtmax. Blood flow in the ischaemic inner layers 
was preserved. In this way, the ischaemic—non- 
ischaemic blood flow ratio decreased and myocardial 
oxygen deficiency was reduced. 

The effects of dexmedetomidine on regional blood 
flow in ischaemic myocardium are in accordance 
with studies on the effects of aspecific a block or 
stimulation during ischaemia’. Preservation of blood 
flow in ischaemic myocardium by a, agonists is 
probably caused by more powerful local metabolic 
stimuli during ischaemia, which overrule adrenergic 
vasoconstriction. As the degree of ischaemia is most 
severe in the inner layers during hypoperfusion, 
adrenergic vasoconstriction in this region is inhibited 
to a greater extent than in the outer layer. 


Dexmedetomidine and coronary stenosis 


Distal to a flow-limiting stenosis, such specific epi- 
cardial vasoconstrictive effect may lead to improve- 
ment in endocardial perfusion, the “reverse steal” 
effect’. The decrease in heart rate after dexmedeto- 
midine could be an additional explanation for this 
beneficial effect on blood flow, because slowing of the 
heart rate favours endocardial relative to epicardial 
perfusion. The different findings of Heusch and 
Deussen’ who found that a, adrenergic activation 
can worsen myocardial ischaemia, may be explained 
by differences in preparation, degree of ischaemia, 
anaesthesia, and intensity and mode of a adrenergic 
stimulation. 

Our preparation was expected to be highly 
sensitive to the direct, peripheral vasoconstrictor 
effects of dexmedetomidine*. Compared with hu- 
mans, we therefore may have overestimated the 
coronary vasoconstrictive effects and underestimated 
the central sympatholytic effects of dexmedetomi- 
dine. This could also underestimate a possible 
anti-ischaemic effect of dexmedetomidine, because it 
was shown that systemic clonidine had anti- 
ischaemic properties, while intracoronary adminis- 
tration caused vasoconstriction’. However, these 
results should be extrapolated with caution to poten- 
tial clinical use in humans as the results relate only to 
halothane-anaesthetized dogs. Halothane not only 
has marked haemodynamic effects, but could also 
have influenced the sympathetic responses. 
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CASE REPORT 





An iatrogenic arterial foreign body 


U. S. Suau, R. DOWNING anD I. Davis 


Summary 

The creation, possible complications and re- 
trieval of an unusual, perhaps unique, arterial 
foreign body are described. (Br. J. Anaesth. 
1996;77:430-431) 


Key words 
Monitoring, arterial pressure. Arteries, cannulation. Compli- 
cations, foreign body. 


Case report 

The patient was a right-handed, 72-yr-old woman 
undergoing internal fixation of a pathological frac- 
ture of the left femur by interlocking nail. Ten 
months before operation she had undergone a total 
left knee replacement under spinal and light general 
anaesthesia without incident. Three months before 
operation she had a left pneumonectomy for lung 
cancer: her early postoperative course was stormy as 
within hours of surgery she developed respiratory 
failure and atrial fibrillation, and required ventila- 
tion. Tracheotomy was performed and she was 
weaned from ventilatory support over the next 2 
weeks. She was discharged with a prescription for 
domiciliary oxygen, and digoxin, verapamil and 
bumetanide. While walking at home she sustained a 
mid-shaft fracture of her left femur and was admitted 
for surgical fixation. She was in hospital for 1 week 
before operation during which time diclofenac and 
sustained-release morphine were added to her drug 
regimen. 

At the preoperative visit she was sitting upright 
breathing oxygen from a face mask with her left leg in 
traction. She was dyspnoeic on slight exertion (mov- 
ing herself in bed, eating lunch) and spoke in short 
sentences. She was orthopnoeic at about 45° and 
physically weak with a thoracolumbar kyphoscoliosis 
and sacral sores. Her haemoglobin concentration was 
9.9 g di’ and serum albumin concentration 24 g 
litre’, but all other haematological and biochemical 
variables were normal. 

The planned operation was estimated to take 2 h 
and required a supine patient. General anaesthesia 
was used with lumbar extradural block for intra- and 
postoperative pain management. The procedure took 
3 h and involved transfusion of 4 u. of blood after 
which her lungs were ventilated electively overnight 
and her trachea extubated without difficulty the next 
morning. 

A left subclavian central venous catheter and left 
radial arterial cannula were inserted to facilitate 
monitoring and management. The arterial cannula 
was a 20-gauge Ohmeda arterial catheter with Flo 


Switch (1 mm in diameter by 45 mm in length). The 
device is designed to be sewn to the skin by means of 
a fenestrated plate, with holes for two sutures, which 
is integral with the hub of the cannula. Insertion of a 
third suture to hold the cannula firmly at the junction 
of the hub and catheter sections led to a jet of blood 
from the cannula wound indicating some damage to 
the device. A 0.5-mm by 20-cm guidewire was 
inserted through the hub of the arterial cannula with 
the intention of withdrawing the device while 
maintaining vascular access, but the wire emerged 
from the cannula 2 mm from the hub which was then 
seen to have been completely severed from the cath- 
eter section (fig. 1). As a pulsatile jet of arterial blood 
continued to issue from the cannula wound, it 
seemed possible that the detached fragment might be 
protruding from the vessel wall. However, a cut- 
down showed the bleeding came from the arteri- 
otomy wound indicating the catheter section of the 
cannula was wholly within the arterial lumen. Firm 
pressure was applied to the wound and a right radial 
arterial cannula was inserted. A vascular surgical 
opinion was sought. 

While the left hand appeared pink and warm and 
had a good pulse oximeter signal, with saturation 
readings from the index finger identical to those from 
the right hand, it was felt that the risk of digital 
ischaemia from embolization by a large foreign body, 
and possible later infection, was unacceptable. The 
arteriotomy site was re-explored and the palmar arch 
searched using a Fogarty embolectomy catheter 
without result. The detached fragment of the cannula 
was finally delivered from the radial artery proximal 
to the point of its insertion by means of the Fogarty 
catheter. The surgical arteriotomy was closed with 
6/0 Prolene sutures. 





Figure 1 Ohmeda arterial cannula with Flo Switch showing 
fenestrated plate for suturing (A) and point of severance by 
cutting needle (B). 
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An iatrogenic arterial foreign body 


The patient made a rapid and uneventful recovery 
from both operations with normal hand function 
when assessed 2 and 5 weeks after operation. 


Discussion 

Continuous display of arterial pressure’ by cannula- 
tion of an accessible artery is a valuable adjunct in 
the management of complex and difficult surgical 
cases, and during respiratory support in intensive 
care. It is usual to cannulate the radial artery on the 
non-dominant side and, although minor complica- 
tions are common, ischaemic injury is almost 
unknown’*, The procedure appears to be safe when, 
in the absence of peripheral vascular disease, Allen’s 
test” does not demonstrate adequate collateral circu- 
lation‘ or when failed radial cannulation is followed 
by cannulation of the ipsilateral ulnar artery’. 

The complications of arterial cannulation have 
been classified and comprehensively reviewed re- 
cently". Immediate local complications are extravasa- 
tion and haematoma formation: delayed local com- 
plications are reduced or absent flow, sensory 
impairment, infection, skin necrosis and false aneu- 
rysm. Distal complications include embolization of 
the deep palmar arch by thrombus from the wall ofa 
partially occluded vessel, from the external surface of 
the cannula or flushed from the lumen of the device. 
The extensive interconnections between the palmar 
arterial arches and their many branches appear to be 
highly protective of circulation to the digits: minor 
embolic events are not clinically obvious and their 
incidence is unknown. Partial or complete radial 
artery occlusion, which occurs in approximately 25% 
of cannulations and is more common in women and 
after haematoma formation’, is almost invariably 
devoid of clinical signs. 

Foreign bodies in peripheral arteries are rare and 
result from missile injuries’, radiological interven- 
tions" or complications of surgery”. There has 
been one report of palmar arch embolization from a 
penetrating injury of the forearm“ and none from 
arterial catheter fragments. The concern in the last 
case quoted, as in this, was that distal embolization 
might lead to digital ischaemia or later infection with 
the attendant risk of secondary haemorrhage or 
mycotic aneurysm formation. 

Management of foreign body emboli which have 
been investigated fully and are causing no problems, 
or which are difficult to deliver, may be conserva- 
tive but most agree that the foreign body should 
be localized by radiological and angiographic studies 
and retrieved if possible. 

Small peripheral arteries are presently beyond the 
reach of interventional radiology’ and therefore 
retrieval implies surgery. In our case there was no 
immediate circulatory compromise, a limited and 
accessible field for exploration (even under local 
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anaesthesia) and surgical skills and equipment were 
available. Somewhat surprisingly exploration of the 
deep palmar arch by embolectomy catheter was 
fruitless and the 43-mm long fragment was delivered 
subsequently from the arterial lumen proximal to the 
arteriotomy. Without radiological studies the reasons 
for its immobilization are conjectural: impaction in 
the vessel wall and local spasm’ may have contrib- 
uted, as may the length and relative rigidity of the 
fragment in what was probably a small and tortuous 
artery. 

The lessons of the episode are clear: first, when fix- 
ing arterial cannulae, suture needles should be kept 
well clear of the devices; second, when distal explora- 
tion for an arterial foreign body is fruitless, proximal 
exploration may be worthwhile before resorting to 
imaging studies. 
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An effective method of scavenging nitric oxide 


S. Squire, R. KIGHTLEY AND A. J. PETROS 


Summary 

We report an effective method of scavenging 
nitric oxide and nitrogen dioxide. We have com- 
pared three agents, a commercially available fil- 
ter, soda lime and activated charcoal, for their 
effectiveness and duration of action. Complete 
absorption of nitric oxide and nitrogen dioxide 
for a period of 170 h was obtained using the 
commercial filter. However, soda lime and char- 
coal were unable to successfully scavenge either 
gas. The resistance characteristics of this filter 
when dry or humidified were determined. (Br. J. 
Anaesth. 1996;77:432-434) 
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Inhaled nitric oxide can significantly improve oxy- 
genation in both paediatric’? and adult populations’ 
and it is invaluable in the treatment of critically ill 
patients. Effective scavenging of this gas and its 
higher oxides may present an obstacle for those wish- 
ing to take advantage of this new treatment. Various 
groups of health care workers looking after patients 
receiving inhaled nitric oxide have expressed concern 
over long-term exposure. Many individuals can 
detect a bitter odour when working with nitric oxide, 
even at very low concentrations. However, having 
undertaken a risk assessment, advice from NHS 
Estates (personal communication, Mr L. W. M. 
Arrowsmith, Chief Engineer, NHS Estates, Trev- 
elyan Square, Leeds) is that provided there is 
adequate ventilation, scavenging is not necessary. 
Despite this reassurance we have continued to search 
for an effective method of scavenging nitric oxide 
exhaust. Foubert and colleagues* have demonstrated 
convincingly the limited role of soda lime during 
administration of nitric oxide, and others have shown 
that simple activated charcoal is also ineffective**. We 
have found a device available from the chemical 
industry and have compared it with soda lime and 
activated charcoal. 


Methods 


The Evita 2 (Draeger, Hemel Hempstead) ventilator 
was used under normal clinical conditions with a 
peak inspiratory flow of 60 litre min”, frequency of 
12 bpm, tidal volume of 0.5 litre, minute volume of 
6.1 litre min” and 100% oxygen to maximize 
nitrogen dioxide production. Positive end-expiratory 
pressure (PEEP) was not used. 
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We compared the absorbance characteristics of 1 
kg of soda lime (Draeger-sorb, PN 6750701, Hemel 
Hempstead) in a scavenging canister (East Health 
Care, Littlemore, Oxford), activated charcoal (Car- 
bomix, Penn Pharmaceuticals, Gwent) in a 300-mm 
length of 22-mm corrugated ventilator tubing (Inter- 


` surgical, Berkshire) and a commercially available fil- 


ter, ABEK HgCONO-P3 (No. 67-35-813, Drager 
Industrial Ltd, Kilty Brewster Industrial Estate, 
Blyth, Northumberland), used in industry to absorb 
nitric oxide and nitrogen dioxide (fig. 1). 

Over a continuous 170-h period, 1% nitric oxide in 
nitrogen (BOC, Special Gases, Guildford) was intro- 
duced into the ventilator circuit containing the 
ABEK filter (fig. 2) at a flow rate of 0.05 litre min”. 
The resultant nitric oxide and nitrogen dioxide con- 
centrations were monitored proximal and distal to 
the ABEK filter with an electrochemical detector 
(Micromedical, Kent) at increasing intervals for a 
total of 170 h continuously. The monitors were cali- 
brated using Spectraseal calibration gases (BOC, 
Special Gases, Guildford), nitric oxide in nitrogen at 
86.1 ppm and nitrogen dioxide in air at 17.6 ppm. 
The proximal nitric oxide concentration was main- 
tained between 55 and 70 ppm producing nitrogen 
dioxide concentration between 9 and 12 ppm. 

Using the same conditions and experimental 
design, the 1-kg canister of soda lime and a 300-mm 
length of 22-mm corrugated tube containing acti- 
vated charcoal were tested for absorbance. The tests 





Figure 1 The ABEK HgCONO-P3 filter. 
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Figure 2 Circuit design for administering and measuring nitric oxide and nitrogen dioxide, and testing the degree of absorption. 


were aborted when no absorption was apparent for 
either soda lime or charcoal. 

In a separate series of experiments, the pressure 
created by fresh gas flows of 10-120 litre min" 
through the ABEK HgCONO-P3 filter were meas- 
ured using a pressure meter (Druck, DPI 701, Druck 
Ltd, Leicester), Humidified gas at 37 °C and 80% 
humidity was passed at 19 litre h“ through the filter 
for 35 h (1.5 litre of water was consumed) making the 
filter wet, and the expiratory pressures created by the 
filter at various flows were measured again. Humidity 
was measured with a relative humidity meter (Vaisala 
HM34, Cambridge) with an accuracy of +3%. 


Results 

With a fresh gas flow of 9.0 litre min’, the calibration 
gas of nitric oxide in nitrogen at 86.1 ppm was passed 
through the soda lime canister and the concentration 
in the exhaust decreased to a low of 75 ppm, but for 
only 1 min. After 3 min the concentration had 
returned to 83 ppm and after 10 min there was no 
absorption. The test was repeated with a calibration 
gas of 17.6 ppm of nitrogen dioxide in nitrogen 
(BOC, Guilford). By 16 min, 14.6 ppm of nitrogen 
dioxide were detected distal to the soda lime canister. 
These tests were repeated using activated charcoal 
and no reduction in exhaust gas concentration was 
detected at any time. 

Using the ABEK HgCONO-P3, we were able to 
completely scavenge both nitric oxide and nitrogen 
dioxide from levels of 55-70 ppm and 9-12 ppm, 
respectively, to less than 0.4 ppm for both gases for a 
continuous period of 170 h. By multiplying nitric 
oxide/nitrogen dioxide concentrations by the time 
intervals between readings, the volume of nitric oxide 
absorbed over this 170-h period was estimated to be 
3.92 litre, and 0.67 litre for nitrogen dioxide. 

The ABEK filter produced a linear increase in 
pressure with increasing flow rate when both dry and 
wet; when dry, resistance was 0.086 kPa litre min’; 
when wet, having been humidified for 35 h, 
resistance was 0.091 kPa litre min” (fig. 3). At 10 litre 
min’, the pressure generated within the test circuit 
was 0.1 kPa and at 60 litre min” 0.45 kPa. 
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Figure 3 Pressures created by various flow rates through the 
filter were measured, Humidified gas at 37 °C and 80% humidity 
was passed through the filter for 35 h (a total of 1.5 litre of water) 
and the pressure at various flows measured again. The resistance 
of the filter when dry (C) was calculated to be 0.086 kPa lire? 
min” and when wet (W) 0.091 kPa litre’! min’. (Regression 
coefficient, 7=0.98 for both curves.) 


Discussion 


Current recommendations state that in a well 
ventilated environment, administration of nitric 
oxide poses no health hazard and that scavenging is 
not necessary. However, there are situations where 
nitric oxide may be delivered in less than ideal 
circumstances; in ambulances during transport of 
neonates; in a catheter laboratory; and in isolation 
cubicles with inadequate ventilation. For these situa- 
tions scavenging of nitric oxide is desirable. 

We have tested three methods and have found a 
commercially available filter which removes all nitric 
oxide and nitrogen dioxide. We can also support pre- 
vious reports that soda lime and charcoal are of little 
value. The initial reduction in nitric oxide concentra- 
tion we observed in the first minute of exposure to 
soda lime may have been caused by oxidation of 
nitric oxide to nitrogen dioxide by residual oxygen in 
the absorber rather than true absorption. Alterna- 
tively, the indicator dye within the soda lime may be 
independently involved in scavenging**. Charcoal 
from organic sources, for example coconut, can be 
activated by heating to high temperatures to create 
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absorptive pockets of varying size on the charcoal 
particles. Larger molecules are removed more easily, 
ethanol being at the lower limit of effective removal 
and smaller molecules such as nitric oxide are not 
effectively scavenged. 

We found the ABEK HgCONO-P3 filter the most 
effective method of scavenging nitric oxide and 
nitrogen dioxide. The ABEK HgCONO-P3 filter 
contains microglass fibres coated with copper and 
chromium salts. The filter also contains manganese 
dioxide and copper oxide as catalysts. Scavenging 
nitric oxide itself is difficult; it is much easier to scav- 
enge nitrogen dioxide. The filter oxidizes nitric oxide 
to nitrogen dioxide which may then be absorbed by 
the copper and chromium salts. 

2NO+0,->2NO, 
2NO,+H,0-+HNO,+HNO, 
2HNO,+CuX/CrXx-»Cu(NO3)/Cr(NO,) +H,0 

It is estimated by the manufacturers that the filter 
can take up to 4-5 litre of nitric oxide and nitrogen 
dioxide in total, at a flow rate of 8 litre min”. 

All our ventilators, Evita 1 and Evita 2 (Draeger 
Medical, Hemel Hempstead, Herts) Servo 900c 
(Siemens, Bracknell, Berkshire) and Brompton 
Manley (Porton, Denmark) are now fitted with the 
filter on the expiratory port whenever nitric oxide is 
used. The extra expiratory resistance introduced of 
approximately 0.01 kPa litre’ min” or 0.6 kPa at 60 
litre min” is an acceptable level for the advantage of 
complete removal of nitric oxide and nitrogen 
dioxide from the environment. Although the filter 
lasts for up to 170 h we change it every 96 h. The 
current price is approximately £20.00. 

Having performed a risk analysis, the 
recommendation of the NHS Estates is that scaveng- 
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ing is not necessary in an adequately ventilated envi- 
ronment (personal communication, Mr L. W. M. 
Arrowsmith, Chief Engineer, NHS Estates). This 
view is supported by other clinical reports where 
nitric oxide has been found to be negligible in the 
environment during inhaled treatment*. However, by 
using the ABEK filter we are guaranteed a nitric 
oxide free environment. Although we accept that 
exposure to nitric oxide in a well ventilated area may 
carry no significant risk, we suggest the use of the 
ABEK filter on the expiratory exhaust limb of venti- 
lators when delivering nitric oxide to further reassure 
all those working with nitric oxide. 
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The care of patients and transport by air 

Sir,—I read with great interest the recent review on pre-hospital 
monitoring of trauma patients’. This raised many important issues 
which need to be addressed further as expectations of out of hos- 
pital care increase. In Scotland there has been a fully integrated air 


ambulance service following a major reorganization in 1993. In- 


addition to providing a primary patient transport service, there are 
also a large number of secondary inter-hospital transfers. Because 
of the distances involved and terrain, many of these involve air 
travel, using fixed-wing or rotary aircraft. In addition to adopting 
the Association of Anaesthetists’ guidelines on minimum stand- 
ards of monitoring, it has also been suggested that the recommen- 
dations for assistance should be followed in such situations’. 

Dr Morley highlighted in his review that monitoring can 
interfere with aircraft electrical systems. Most monitors give out a 
small amount of electrical activity to the surroundings; this is not 
true of defibrillators which, despite having been used successfully 
in-flight, still pose a greater hazard. It is recommended that 
authority is gained from the aircraft captain before defibrillators 
are discharged when airborne’. 

In addition to the function of monitors in the air environment, 
associated alarm systems have also come under scrutiny. The noise 
levels present in the back of an aircraft can render auditory alarms 
ineffective. Ir has also been demonstrated that relying on visual 
scanning for detection of problems leads to delays before alarm 
conditions are detected. Consideration is currently being given to 
incorporation of alarms into intercom systems to further increase 
safe practice’. 

All adverse events are more likely with prolonged journey times. 
With the move to centralize specialist facilities and notably paedi- 
atric intensive care units’, patient transfer requiring sophisticated 
monitoring is set to increase. Only by continued vigilance and 
debate will standards improve to keep pace with these develop- 
ments. 

P. J. SHIRLEY 
Department of Anaesthetics 
Aberdeen Royal Infirmary 
Aberdeen 
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Sir,—Dr Shirley raises some interesting points which merit further 
comment. HEMS was certainly preceded by some air ambulance 
services in the UK, although it differs in several important 
respects. Most obvious of these is the presence of a full-time medi- 
cal staff, trained specifically for the purpose of primary retrieval by 
helicopter of major trauma victims. It is difficult to exclude other 
factors when considering the specific added effect of a physician 
on an aeromedical prehospital team. One American study of blunt 
trauma patients found that patient mortality was 35% less than 
predicted by trauma score and injury severity score (TRISS) 
methodology when the attending aeromedical team incorporated a 
doctor. In addition, mortality in this group was significantly lower 
than in a group of patients, with similar TRISS scores, attended by 
a flight nurse/flight paramedic team. The doctors were able to per- 
form a wider range of practical procedures than their paramedical 
counterparts, including thoracostomy, cricothyroidotomy and 
pericardiocentesis’. 

On the issue of defibrillators, HEMS use the Lifepak LP10-23 
(Physio-Control Corporation International, Redmond, WA, 
USA), which is specifically approved by the Civil Aviation Author- 
ity for the HEMS aircraft, an Aerospatiale Dauphin SA 365N. The 


defibrillator monitoring unit initially caused low level interference 
in the 120-MHz radio frequency band and this has been resolved 
by special modifications. Similar problems have been encountered 
on testing the Lifepak LP10-59 in the Bölkow 105DBS used by 
Cornish First Air (personal communication, R. Dawnay, Snaefell 
Aviation Design). Interestingly, in-flight defibrillation can only be 
heard as a faint click on the aircraft headsets. 

Since HEMS began operations in 1989, only 18 patients have 
undergone defibrillation. In most instances, the defibrillator was 
used on scene, not in the aircraft. The three survivors had all 
crashed their cars after sustaining cardiac arrests while driving and 
their injuries were only minor. The dismal prognosis of genuine 
traumatic cardiac arrest has been reported elsewhere’. 

Auditory monitor alarms are ineffective in the HEMS Dauphin. 
All staff on board wear helmets. Noise levels in the aircraft are very 
high because of removal of the soundproofing that normally forms 
part of the shell of the helicopter. This modification helped to 
lighten the aircraft, thereby improving performance and increasing 
potential patient load. Staff can communicate using helmet-based 
headsets and microphones. To avoid unnecessary disturbance to 
the pilot, incorporation of any alarm system into the intercom 
would have to be restricted to the headsets of the doctor and para- 
medic. 

A, P. MORLEY 
Department of Anaesthesia and Intensive Care 
Prince of Wales Hospital 
Hong Kong 
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Effect of naloxone on nitrous oxide analgesia 


Sir,—We would like to comment on the article by Yagi and 
colleagues’. These authors were unable to show naloxone 
inhibition of the analgesic effects of nitrous oxide when measure- 
ments of analgesia were obtained 5 min after injection of naloxone. 
In fact, in figure 3 they showed a non-significant increase in anal- 
gesia after administration of naloxone’, Interestingly, these authors 
used very low doses of naloxone. We bave shown previously that 
with similar doses of naloxone in human volunteers, the peak 
effect of naloxone was measurable only within the first 2-3 min 
after bolus injection. This effect was not apparent after 5 min? °. 
Although in a minority of subjects nitrous oxide analgesia was 
attenuated by naloxone’ the majority of subjects showed a 
transient increase in nitrous oxide analgesia? * . These observations 
were confirmed later by others in animals‘, From our findings we 
proposed the existence of two opioid systems, in dynamic equilib- 
rium: one analgesic and the other pain producing”? . 
M. A. GILLMAN 
F. J. LICHTIGFELD 

South African Brain Research Institute 

Johannesburg 

South Africa 
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Sir,-In a previous article’ we reported that the clinical dose of 
naloxone did not antagonize the analgesic action of nitrous oxide 
when the pain threshold test was performed 5 min after injection 
of naloxone in humans. As Gillman and Lichtigfeld pointed out, 
the dose (0.01 mg kg’) of naloxone used in the study may not have 
been adequate to fully antagonize the effects of the opioid, We 
chose this dose according to Jaffe and Martin? who indicated that 
naloxone 0.4-0.8 mg i.v. in humans can prevent or reverse the 
effects of mu opioid agonists. The onset of action of naloxone is 
fast and seen within 1 or 2 min after injection’ *. The duration of 
antagonistic effects is approximately 45 min after an i.v. dose of 0.4 
mg’. In our previous study, measurement of pain threshold was 
commenced 5 min after administration of naloxone. Measurement 
of analgesia was obtained during the period of naloxone-induced 
antagonism. We also evaluated antagonism of nitrous oxide 
analgesia with higher doses (5 and 10 mg kg”) of naloxone by a 
radiant heat tail-flick test in rats (unpublished data). The results 
indicated that naloxone did not antagonize the analgesic action 
induced by nitrous oxide, even at high doses. 

Gillman, Kok and Lichtigfeld® showed that the peak effect of 
naloxone was measurable only within the first 2-3 min after bolus 
injection with clinical doses of naloxone in human volunteers, but 
not after 5 min. The majority of subjects showed a transient 
increase in nitrous oxide analgesia. This interesting peak effect of 
naloxone might be an agonistic effect seen at high doses of 
naloxone. Naloxone enters the brain very rapidly. The initial brain 
concentration of naloxone was reported to be much higher (4.6 
times) than that in serum‘. Therefore, the brain concentration of 
naloxone may transiently reach a high level which may produce 
agonist effects during the short period after bolus injection of 
clinical doses. High doses of naloxone produce increased arterial 
pressure and arrhythmias which may be caused by the release of 
sudden intense sympathetic activity. Enhancement of sympathetic 
neurones by naloxone in the central nervous system may explain 
the transient increase in nitrous oxide analgesia 2-3 min after 
injection of naloxone. 

T. MasHIMo 

M. Yaai 
Department of Anaesthestology 
Osaka University Medical School 
Osaka, Japan 
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Difficult tracheal intubation 


Sir,—Difficult tracheal intubation is a major cause of anaesthetic- 
related morbidity and mortality, and any change which may lead to 
a reduction is to be welcomed. However, we were interested that 
when West and colleagues studied a tracheal tube designed 
specifically for this reason, they used a size 8 tube for females and 
size 9 for males’. While we know of no firm evidence that decreas- 
ing the size of the tracheal tube facilitates intubation in cases of 
difficulty, it does seem to be true in both our experience and that 
of others’, Furthermore, it has been known for many years that 
small tracheal tubes can be used safely and without complication 
during positive pressure ventilation’. It has become routine 
practice at this institution to use 6-mm tubes in females and 
6.5-mm in males. We believe that West and colleagues would have 
found an increased success rate and shortened learning time had 
they used smaller tracheal tubes in their simulation of a difficult 
intubation. 


British Journal of Anaesthesia 


The authors’ incidence of 33% for sore throat is similar to that 
quoted in other studies’, but 1-3% of patients may still have 
hoarseness up to 6 months after intubation*. This value may be 
expected to be even higher in cases of difficult intubation where 
greater degrees of laryngeal trauma are likely to occur’. We believe 
that decreasing the size of the tracheal tube makes intubation 
easier and reduces the incidence of laryngeal damage. Stout and 
coworkers’ have shown that the incidence of hoarseness and sore 
throat may be reduced substantially by using tracheal tubes of size 
7 or less. We believe that small tracheal tubes can be used 
routinely, and should be used when laryngoscopy is difficult. 


C. J. BROOMHEAD 

D. VAUGHAN 
Department of Anaesthesia 
National Hospital for Neurology and Neurosurgery 
London 


1. West MRJ, Jonas MM, Adams AP, Carli F. A new tracheal 
tube for difficult intubation. British Journal of Anaesthesia 
1996; 76: 673-679. 

2. Stenqvist O, Sonander H, Nilsson K. Small endotracheal 
tubes. Ventilator and intratracheal pressures during controlled 
ventilation. British Journal of Anaesthesia 1979; 51: 375-380. 

3. Jones MW, Calting S, Green DH, Green JR. Hoarseness after 
tracheal intubation. Anaesthesia 1992; 47: 213-216. 

4. Kambic V, Radsel Z. Intubation lesions of the larynx. British 
Journal of Anaesthesia 1978; 50: 587-589. 

5. Stout DM, Bishop MJ, Dwersteg JF, Cullen FC. Correlation 
of endotracheal tube size with sore throat and hoarseness after 
general anesthesia. Anesthesiology 1987; 67: 419-421. 


Sir,—Our thanks to Drs Broomhead and Vaughan for their com- 
ments. The crucial step is to get the introducer into the right hole; 
when that is achieved, intubation with our tube is easy; that is its 
main advantage. It seems unlikely that smaller tubes would have 
altered the intubation time. With a Magill tube, when the 
introducer is in place, there is still the problem of preventing the 
bevel snagging on the cords and a smaller tube is often helpful, but 
with the new method a smaller tube is needed only if the larynx is 
abnormally small. The problem is simplified because instead of 
two possible causes of resistance, there is only one. Occasionally, 
some resistance is felt and a smaller tube is needed. Recent data’ 
suggest that over the past decade the incidence of failed intubation 
in obstetrics has increased. The authors imply that part of the 
explanation is that junior staff have less experience of obstetric 
general anaesthesia than in the past. If that is correct then it 
underlines our conclusions. 

On the other hand, routine use of a small tube implies that there 
is never any need to change tubes, which is perhaps an advantage. 
The authors also refer to Stout and colleagues? who found that 
with size 7 tubes the incidence of sore throat was 22% compared 
with 33% in our study. But this could be fortuitous (P=0.1); a 
larger sample might show a real difference. Thus the case for 
smaller tubes is not proved but we agree that it merits further 
study. 

May we add that the most serious cause of trauma is the novice 
who attempts to handle difficult intubations with no clear picture 
of the problem or its solution. This is perhaps the strongest argu- 
ment in favour of our training drill. 


M. Jonas 
John Radcliffe Hospital 
Oxford 

R J. Wesr 
Derriford Hospital 
Plymouth 

A. P. ADAMS 
Guy’s Hospital 
London 
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Cost of volatile anaesthetic agents 


Sir,—I read with interest Dr Barker’s letter on the cost of volatile 
anaesthetic agents'. When the costs of various agents are listed, 
one is tempted to make comparisons, and economic concerns are 
of increasing importance in our practice. However, for fair 
comparison of the available agents, we need to consider the 
amount of anaesthetic required to provide a similar depth of 
anaesthesia and this extends beyond making comparisons of simi- 
lar potencies at set fresh gas flow rates. Differences in solubility of 
various agents in the blood and tissues become important. The 
amount of anaesthetic agent required may be divided into that 
required to provide adequate anaesthesia at the start (to load up 
the circuit and the patient’s lungs), to that required to replace 
anaesthetic taken up into the blood and then into the tissues of the 
body, and also make account of that supplied in excess of uptake 
and therefore lost from the circuit and wasted. The relative cost of 
the available agents varies with the fresh gas flow chosen. 

Estimates have been made of the volume of liquid anaesthetic 
required based on uptake kinetics and circuit performance at vari- 
ous fresh gas flow rates to sustain an alveolar concentration of 1 
MAC for four of the volatile agents listed by Dr Barker’. I have 
included the price per millilitre of liquid anaesthetic, from the 
British National Formulary’, to calculate the cost of the volatile 
agent required (table 1). 

There are limitations to the calculations: at low fresh gas flows, 
conventional vaporizers may be unable to supply sufficient agent, 
for example at 0.2 litre min” at 1 MAC, isoflurane vaporizers can- 
not supply a sufficient amount of isoflurane for the first hour, 
whereas desflurane vaporizers are unable to do so for the first 10 
min. The increased fresh gas flow required to compensate for the 
limitations of the vaporizers would increase the estimated cost 
noted in table 1, but this would be greatest for the more soluble 
volatile agents. In addition, there is some concern on the use of 
sevoflurane at low fresh gas flows‘. Table 1 shows, as would be 
expected, that for any given volatile agent, cost increases with 
increased fresh gas flow, but also that the relative cost of the less 
soluble (and newer) volatile agents is reduced at lower fresh gas 
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Table 1 Cost of volatile agent required to maintain an alveolar 
concentration of 1 MAC, of the chosen volatile agent, at various 
fresh gas flow rates, for periods of 30 or 60 min 





Fresh gas flow rate (litre min™) 





0.2 1 2 4 6 

Halothane 

30 min £0.13 £0.17 £0.23 £0.34 £0.45 

60 min £0.20 £0.28 £0.38 £0.59 £0.80 
Isoflurane 

30 min £1.56 £2.26 £3.12 £4.80 £6.51 

60 min £2.46 £3.74 £5.42 £8.70 £11.97 
Sevoflurane 

30 min £1.62 £3.10 £4.97 £8.66 £12.40 

60 min £2.41 £5.36 £8.95 £16.24 £23.52 
Desflurane 

30 min £1.30 £2.87 £4.84 £8.76 £12.67 

60 min £1.96 £5.06 £8.91 £16.62 £24.35 


flows. This illustrates that when comparing the costs of volatile 
anaesthetic agents, consideration must also be given to uptake 
kinetics and fresh gas flows used. 


M. DANEEL 
Department of Anaesthesia 
Glasgow Royal Infirmary 
Glasgow 
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In the methods section of this abstract, the dose of morphine was reported incorrectly: morphine 0.9 mg/kg 


should read morphine 0.09 mg/kg. 
We apologize to the authors for this confusion. 
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Clinical Orthopedic Anesthesia. J. E. Terzlass. Published by 
Butterworth-Heinemann, Massachusetts. Pp. 406; indexed; 
illustrated. Price £45.00. 


This book is intended for the trainee approaching a subspecialty 
attachment in orthopaedic anaesthesia and is produced in a note- 
book sized format with a ring binding to make it easy to use in the 
operating theatre. It is an attractive format but I hope that the 
binding is more durable than that of my road atlas. 

Dr Tetzlaff has written all of the 22 chapters with the assistance 
of four contributors, and all are based at the Cleveland Clinic. 
There is therefore a consistency of style which makes a welcome 
change from multi-authored texts so that the book is easy and 
enjoyable to read. The authority of the text is derived from Dr 
Tetzlaff’s clear experience of orthopaedic anaesthesia and his per- 
sonal view of clinical problems is welcome. The book represents 
US practice and British readers will find many differences from 
their own: most notably the complete absence of any reference to 
the use of the laryngeal mask airway. 

Chapters 1 and 2 deal comprehensively with the preoperative 
preparation of patients for general and regional anaesthesia, 
respectively. The word “mandatory” is overworked and must give 
lawyers lots of ammunition, although the general stance of the 
book is very defensive: all chapters have comprehensive sections 
dealing with complications of the techniques discussed. While all 
systems are covered in these chapters, there is too little attention 
given to the special clinical problems of orthopaedic anaesthesia; 
thus muscular dystrophy and myopathies merit only one 
paragraph with no mention of cardiomyopathy and there are two 
paragraphs on haemophilia and sickle cell disease. The bone prob- 
lems of end-stage renal failure and renal transplantation are omit- 
ted. 

Chapter 3 is a long and very thorough description of positioning 
of patients, with heavy emphasis on complications, and is better 
suited to a general textbook of anaesthesia: there is little use of the 
lithotomy position in orthopaedic surgery. This chapter should 
have been followed by one on tourniquets which does not appear 
until chapter 14. 

The next group of chapters are concerned with regional anaes- 
thesia drugs and techniques. The chapter on pharmacology is long 
winded and much of the information on the drugs could have been 
summarized in a table. The complication of methaemoglobin for- 
mation with prilocaine is discussed but the effect on oximetry 
readings is omitted. Lignocaine is recommended for i.v. regional 
anaesthesia despite its well-known toxicity, which should preclude 
its use. A good section on spinal anaesthesia is followed by a word- 
processor error on page 117 where the treatment of hypotension 
caused by high spinal anaesthesia includes measures to decrease 
capacitance vessel tone. 

The chapter on upper limb blocks is confident and interesting, 
and marred only by dislocation between text and illustrations, 
which is probably unavoidable in a small format book. The chap- 
ter on lower limb regional anaesthesia fails to discriminate 
between useful blocks and those of little relevance, such as obtura- 
tor nerve block. The inclusion in occasional chapters of sections 
headed “controversy” is a good idea and adds to interest. The sug- 
gestion that continuous extradural anaesthesia prevents develop- 
ment of phantom limb pain after amputation could have been dis- 
cussed. 

Chapters 9 and 10 discuss anaesthesia for hip fracture and hip 
and knee replacement but this arrangement of information inevi- 
tably leads to much repetition from earlier chapters about spinal 
and extradural anaesthesia. 

Chapter 11 is a very useful chapter on shoulder surgery, 
informed by a great deal of experience, such as how to drape the 
patient who is undergoing shoulder surgery under regional block. 
Spinal surgery is well described in chapter 12, with a good section 
on spinal cord monitoring. The order of chapters thereafter seems 
random, thus “Scoliosis” is not chapter 13 but 22 and chapters 
devoted to complications, “Deep venous thrombosis” and “Fat 
embolism” are 16 and 20. 

The chapter on blood conservation, transfusion and coagulopa- 
thy (chapter 15) is interesting and important, with discussion of 
predonation of blood and cell salvage techniques, which are of 


growing importance in Britain. The chapter on paediatric 
orthopaedics (chapter 19) is too short and sketchy to be useful. 

This book provides a good basis for a junior trainee about to 
embark on his first orthopaedic surgical list and the descriptions of 
surgical procedures are particularly good. Further reading is ham- 
pered as referencing is capricious and rarely up to date: the chap- 
ter on oncology has 23 references only one of which is in the last 
10 yr. The book could have been more concise with less repetition 
if better cross referencing had been used and more use made of 
tables for comparative facts. Is it worth including references more 
than 10 yr old? There are some surprising omissions; the problems 
associated with extensive plasters and anaesthesia for replantation 
of severed parts, while anaesthesia for day surgery is dealt with 
feebly. Finally, the use of “anaesthesia providers” for “anaesthet- 
ists”" brings home the fact that the Health Service “reforms” grew 
out of US practicel 


A. Loach 


Clinical Anesthesiology, 2nd Edn. G. E. Morcan yr AND M. S. 
Mwan. Published by Appleton and Lange, Stamford, CT. 
Pp. 882; indexed; illustrated. $US45. 


Some things are better avoided. You should never have to 
apologize for a “busy” slide. Nor should you tell audiences at lec- 
tures repeatedly that you do not have the time to cover everything. 
To these infelicities can be added that it is not a good idea to sug- 
gest to potential buyers of your book that there are already enough 
books on anaesthesia. Because there are: both in the UK and in the 
US markets, there are enough omnibus books on anaesthesia, at 
basic, intermediate and advanced levels, that the specialty would 
lose nothing if no new omnibus books appeared for 10 yr. 

So I suggest that if Morgan and Mikhail attempt a third edition 
of their book they send out a new invitation for the foreword, 
which not only contains the sentence “Oh no, not another 
textbook of anesthesia!”, complete with exclamation mark, but 
then gives the lead editors of three competitors. 

Morgan and Mikhail have produced an attractive (if difficult to 
place) book covering the whole of anaesthesia in about 900 pages, 
including index. They have written the whole text, except for the 
two chapters on local and regional anaesthesia, covering the basic 
sciences, monitoring, legal matters and all of clinical anaesthesia. 
There are thus two pages on lung transplantation and a page on 
cardiac transplantation. This gives an insight into the American 
approach to disease and death: the opening sentence to the section 
on cardiac transplantation is that it is “the treatment of choice for 
patients with end-stage heart disease who are unlikely to survive 
the next 6-12 months.” The only other comment on selection of 
patients for cardiac transplantation is that they should have no 
end-organ damage or other major systemic disease. This illustrates 
the strength and weakness of the book it is comprehensive, but 
many sections are superficial. Hyoscine is described as “preventing 
motion sickness”; the anticholinergic drugs are described as 
mrydriatics, with no distinction between systemic and topical use. 

The book is difficult to place because there is not enough detail 
in the basic sciences for the primary FRCA, the clinical sections 
are too advanced for the primary FRCA, but are not detailed 
enough for the final FRCA. The American perspective is unhelp- 
ful if the book is used as a primer for British anaesthesia, although 
maybe this is realized: the price is given in dollars. 

The book is well laid out, with contrasting blue type highlight- 
ing important points. The two-author approach makes for an easy 
style, but perhaps explains some statements that struck me as 
rather extreme. Should women having spinal anaesthesia for Cae- 
sarean section really receive 1500-2000 ml of Hartmann’s 
solution before the onset of block? Is there really a risk of an aller- 
gic reaction to local anaesthetic used for skin infiltration before 
extradural injection? Treatment of a high spinal includes the 
advice to position the patient head down. 

The new drugs are all there, although perfunctorily. There is a 
useful index of critical tropics. Each chapter ends with a case 
discussion, some of which are imaginative enough that they must 
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have happened, for example, the patient who died when an 
adrenaline infusion was labelled nitroglycerin. But there are no 
proper references, only reading lists, and it is almost lazy to give a 
reading list for cardiovascular physiology that consists of only 
other general textbooks. 

The publishers advertise the book as suitable, in the American 
market, for medical students, residents, physicians and nurse 
anaesthetists. It has far too much for British medical students; our 
residents and physicians do not buy books on anaesthesia and the 
emphases are wrong for our anaesthetic nurses and ODAs. But 
there is a place for this book. Paradoxically, it is a reasonable book 
for someone who already has a good knowledge of anaesthesia, but 
wants an all-in-one book for occasional information, of the right 
size to fit in a briefcase. Until I buy a portable computer with a 
CD-ROM, and until I am as happy flicking through screens of text 
as I am flipping over the pages of a book, I suspect Morgan and 
Mikhail’s Clinical Anesthesiology may do a bit of travelling with me. 


N. W Goodman 


Baillidre’s Clinical Anaesthesiology: International Practice and Re- 
search, vol. 10, No. 1. The Lung in Anaesthesia and Intensive Care. 
R. G. Pearl (editor). Published by Bailliére Tindall (W B 
Saunders Co Ltd), London. Pp. 236; indexed; illustrated. 
Price £30. 


This volume is intended to contain reviews of recent advances in 
knowledge of the lung, which also show how these advances can 
affect patient care. A good review such as this is very difficult to 
write. The author needs to have extensive knowledge and even 
more importantly must provide a critical and balanced account so 
that the reader can obtain a coherent and intelligible view of the 
topic. The best example, close to this ideal, is the chapter by Pick- 
worth and Jones on “Respiratory care”, which is discursive, criti- 
cal and wide-ranging. It covers topics such as respiratory 
secretions, oxygenation, physiotherapy and bronchodilators. An- 
other useful contribution comes from Gal, on anaesthesia for 
patients with lung disease, covering the subject in a workman-like 
and clinically based way supported by good basic knowledge. 
Falke provides a first-class review of recent advances in the treat- 
ment of acute (no longer adult) respiratory distress syndrome, 
carefully avoiding unsubstantiated recommendations and indicat- 
ing the many points where further study is required. In particular, 
he provides a good table of suggestions for treatment. 

However, in this chapter and in others the editor could have 
helped by providing one of the principles of good aircraft design, 
which is to “simplify and add lightness”. A chapter on the pulmo- 
nary circulation, which is truly a field of considerable recent 
advance, is fascinating but very closely packed and would have 
been much better expanded so that some of the important 
concepts could have been set out more fully. Here the clinical 
implications are not clearly indicated but perhaps we are still too 
close to the experimental information for this. 

Unfortunately, to a greater or lesser extent, the remainder of the 
contributions do not meet the ideal. Hedenstierna, with the topic 
“Effects of anaesthesia on respiratory function”, concentrates par- 
ticularly on studies from his department on gas exchange and atel- 
ectasis, including the possible adverse effects of increased inspired 
oxygen fraction. The clinical relevance of these observations, and 
their exact relationship to postoperative complications, remain to 
be clarified. Other contributors to this volume have been set diffi- 
cult tasks to cover vast subject areas and have not had the wisdom 
to limit their coverage. For example, mechanical ventilation for 
critical illness cannot be addressed easily in 23 pages, particularly 
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if the first three are on history. To a lesser extent, the chapters on 
thoracic surgery and thoracic trauma are also cramped and 
limited, and are too general to be of clinical value. The chapter on 
respiratory monitoring is superficial and has some remarkable 
gaps, and the chapter on paediatric anaesthesia resembles a rushed 
examination answer with no light of clinical acumen visible, and 
no sign of a senior hand in the plan or execution. 

In his preface, the guest editor suggests that large advances have 
taken place in the past 10 yr in the topics that are covered. A quick 
glance at the reference lists indicates that if this is true, it is not well 
reflected by some of the contributions, with one chapter having 
less than 30% of original references after 1986. More than 25% of 
the references for another chapter consist of references to standard 
textbooks. 

In summary, only four of the 10 chapters meet my criteria of 
readability, topicality and sufficient critical thought. I would advise 
readers to look elsewhere, such as recent textbooks, for better cov- 
erage of the areas attempted by the other six chapters. Overall, the 
“topicality” of this book is limited and I would not buy it for 
myself, although I shall certainly go to my review copy for 
information on the pulmonary circulation and ARDS. 


G. B. Drummond 


Chemical Warfare Agents. Toxicology and Treatment. T. C. Marrs, R. 
L. Manar ann F. R. ‘Sipeit. Published by John Wiley and 
Sons, Chichester. Pp. 234; indexed. Price £40.00. 


The use of chemical warfare agents is prohibited by several inter- 
national treaties or conventions. Despite these prohibitions the 
number of countries who have acquired chemical weapons contin- 
ues to increase. Regrettably there is a lack of sound moral or ethi- 
cal compulsion to refrain from the use of such weapons and there 
is a continuing probability that chemical agents will be used in so 
called Third World conflicts. The very existence of these chemical 
weapons implies that they are likely to fall into the hands of terror- 
ists and be used against civilian populations. Sarin has been used 
for such a purpose in recent years, in 1994 and 1995 in Japan, 
resulting in 15 deaths and hundreds of casualties. 

This excellent book covers the toxicology of the commonest 
chemical warfare agents, including mechanisms of action, pathol- 
ogy and treatment of the resultant poisoning. Emphasis is placed 
on the more practical aspects of treatment and the particular diffi- 
culties of treatment in the field are not neglected. This book will be 
of interest to military medical officers and those practitioners 
engaged in civil defence planning. The chapters on organophos~ 
phate compounds will be of particular interest to anaesthetists. _ 

The three authors of this book are experts in this field; two are 
British and the other is American. It was slightly irritating to find 
trans-Atlantic differences in spelling in the text. There are a total 
of 571 references in the 10 chapters of this book. Many of these 
references have not been in the public domain until recently and 
much of the work on these agents performed on human volunteers 
could not be repeated today. The authors are to be congratulated 
on the clarity of their style. The subject has been presented in a 
logical and easily readable format. There are no photographs but 
the text is illustrated by clear tables and figures. 

The anaesthetist has the basic skills and resuscitative abilities to 
play an essential part in the treatment of chemical casualties. He or 
she should be involved in the training of paramedical staff, and the 
organization of civilian mass casualty disaster plans should include 
the mass toxic and mass traumatic catastrophes. This book is an 
excellent, authoritative source of information for such a purpose 
and good value for money, 


J Restall 
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EDITORIAL 


Ketamine: its mechanism(s) of action and unusual clinical uses 


Since Domino, Chidiff and Corssen’ reported the 
first clinical use of ketamine more than 30 yr ago, 
there have been many clinical and laboratory studies 
to determine both its mechanism(s) of action and 
define the most appropriate clinical use of this 
unusual anaesthetic agent. Although disturbing 
emergence reactions are associated with its use, keta- 
mine has several clinically useful properties, includ- 
ing analgesia and less cardiorespiratory depressant 
effects than other anaesthetic agents, in fact it causes 
some stimulation of the cardiovascular system'?. 
Clinically, ketamine has been reported to produce 
not only general but also local anaesthesia”. It also 
interacts with N-methyl-p-aspartate (NMDA) 
receptors®*, opioid receptors’, monoaminergic re- 
ceptors", muscarinic receptors? ® and voltage- 
sensitive Ca™ channels’. However, unlike other 
general anaesthetic agents, ketamine does not 
interact with GABA receptors”. Clinically, ketamine 
is administered as a racemate composed of two opti- 
cal isomers, S(+) and R(—), and there are some phar- 
macological differences between these’ (see below). 

In this editorial, in addition to the well established 
NMDA receptor inhibition, we review other poten- 
tial pharmacological targets for ketamine and discuss 
the unusual clinical uses of this agent. 


NMDA RECEPTOR ANTAGONISM 


The NMDA receptor, a member of the glutamate 
receptor family, is an example of an ion channel- 
coupled receptor with excitatory properties” which 
has been implicated in the mechanism of general 
anaesthesia, analgesia’ and also in neurotoxicity’. 
Ketamine is a non-competitive antagonist of the 
NMDA receptor Ca” channel pore’. In addition, at 
clinically relevant concentrations, ketamine interacts 
with the phencyclidine (PCP) binding site’ leading to 
significant inhibition of NMDA receptor activity’; 
this occurs only when the channel has been opened”. 
This interaction with the PCP binding site appears to 
be stereoselective with affinity (K) values of 3.2 pmol 
litre? and 1.1 pmol litre’ for S(+) and R(-) ketamine, 
respectively. An in vivo study in the lamprey eel” also 
showed that ketamine inhibits NMDA receptor- 
mediated neuronal events by 50% (UCsq) at 10-20 
umol litre”. 


ANALGESIA AND INTERACTIONS WITH OPIOID RECEPTORS 


Ketamine has been reported to interact with mu (u), 
delta (8) and kappa (K) opioid receptors". It has been 
shown in vivo that S(+)ketamine is 2-3 times more 
potent than R(-) ketamine as an analgesic’. In agree- 
ment with these clinical observations, it has been 


shown that ketamine produces 2-3 fold stereoselec- 
tivity at u and K receptors but not at 6 receptors”. 
The interaction with opioid receptors is clearly com- 
plex and several studies” have suggested that keta- 
mine may be an antagonist at u receptors and an ago- 
nist at K receptors. Smith and colleagues” found that 
morphine but not ketamine analgesia was antago- 
nized by microinjection of naloxone into the peri- 
aqueductal grey (PAG) region of the rat brain, which 
contains p but not K receptors. Moreover, microinjec- 
tion of ketamine into the PAG did not produce anal- 
gesia but antagonized the effects of morphine. These 
observations suggest that the analgesic effects of 
ketamine are not mediated via p opioid receptors in 
the CNS. Clearly, further detailed studies with 6 and 
x agonists are required. While the o receptor is no 
longer classified as an opioid receptor, ketamine also 
interacts with this receptor although the interaction 
is weak (u>x>o>5) and stereoselectivity is reversed: 
SG@)<RC-)”. 


ANALGESIA AND MONOAMINERGIC RECEPTORS 


Crisp and colleagues found that ketamine (3.0 pmol 
litre")-induced spinal analgesia, measured as an 
increase in tail flick latency in rats, was reversed 
dose-dependently by administration of s.c. methy- 
sergide (serotonin antagonist), phentolamine (a- 
adrenoceptor antagonist) and naloxone (ICs, values 
8.0 pg ke’, 0.88 mg kg’ and 3.0 mg keg’, 
respectively)’. However, they also found that spinal 
ketamine did not increase tail-flick latency in rats 
with bilateral dorsal funiculus lesions (DFL) in a sys- 
tem where morphine was effective. These data 
suggest that the antinociceptive action of ketamine 
may involve descending inhibitory monoaminergic 
pain pathways. One possible flaw in this argument is 
that ketamine-sensitive opioid receptors on interneu- 
rones modulating descending antinociceptive path- 
ways could not be excluded. Specifically, is the 
naloxone reversible action of ketamine secondary to 
its ability to interact with interneurones to block 
amine uptake, that is indirect? 


LOCAL ANAESTHETIC ACTION 


It is known that ketamine at high doses possesses 
local anaesthetic properties and these have been 
compared with lignocaine and procaine’. For exam- 
ple, spinal administration of 1.25% ketamine and 
lignocaine in dogs produced rapid, reversible and 
predictable segmental paralysis without any apparent 
reduction in consciousness’. In addition, ketamine 
and procaine inhibited, with identical ICs) values, 
the compound action potential of the frog sciatic 
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nerve preparation’. In agreement with the mech- 
anism of action of local anaesthetic agents, it has 
been shown that high-dose ketamine blocks Na* 
channels in frog neurones and in lipid bilayers (con- 
taining human Na* channels) with IC., values in the 
mmol litre’? range”. Moreover, Durrani and col- 
leagues reported that ketamine (>0.3%) produced 
adequate i.v. regional anaesthesia with complete 


sympathetic, sensory and motor block’. 


MUSCARINIC RECEPTORS 


Ketamine anaesthesia is antagonized by anti- 
cholinesterase agents’? which increase endogenous 
acetylcholine concentrations and there is evidence 
for an interaction of ketamine with muscarinic recep- 
tors? ”, Indeed, ketamine produced stereoselective 
interaction with muscarinic receptors in guineapig 
brain membranes in a series of binding experiments 
(K; of S(+) and R(—)ketamine: 20 and 37 pmol litre”, 
respectively). In addition, Durieux”? reported that 
clinically relevant concentrations of ketamine inhib- 
ited muscarinic signalling through M1 receptors 
expressed in Xenopus oocytes (IC,) 5.7 pmol litre”), 
the most prominent subtype in the cortex and 
hippocampus. Whether ketamine is an agonist or 
antagonist is unclear. However, as ketamine pro- 
duces anticholinergic symptoms (postanaesthetic 
delirium, bronchodilatation and a sympathomimetic 
action) and ketamine anaesthesia is reversed by anti- 
cholinesterases, an antagonist action is likely. 


VOLTAGE-SENSITIVE CA** CHANNELS (VSCC) 


Interaction of ketamine with voltage-sensitive Ca™* 
channels (VSCC) has not been studied extensively. 
Baum and Tecson™ reported a small reduction 
(20%) in the peak current in guineapig myocardium 
with ketamine 10 and 100 pmol litre’. In addition, 
Yamakage, Hirshman and Croxton” reported that 
ketamine (>10 pmol litre’, [C;, 1 mmol litre”) 
significantly reduced the peak Ca” current in porcine 
tracheal smooth muscle cells. We have demonstrated 
previously, in cultured neuroblastoma cells, that 
ketamine produced non-competitive inhibition of 
K*-stimulated increased intracellular Ca” (mediated 
by L channels), with an ICs, of 209 pmol litre’ ”. 
The role of VSCC in the action of ketamine remains 
to be explored fully but non-competitive channel 
block (similar to the NMDA receptor) is possible. 


Clinical use of ketamine 


PAIN CONTROL 

Systemic administration 

Subanaesthetic doses of ketamine have been shown 
to be either potent analgesics™ or ineffective” in the 
postoperative period. Recently, Arendt-Nielsen and 
colleagues” reported that a bolus of ketamine 0.5 mg 
kg” i.v. followed by continuous infusion at 9 pg kg” 
min” inhibited central temporal summation which is 
used as an index of dorsal horn responsiveness in 
humans. These authors demonstrated that ketamine 
could only inhibit NMDA receptor activity when the 
receptor-operated ion channel had been opened by 
nociceptive stimulation, and used this to explain why 
ketamine only marginally affects acute/phasic pain, 
and attempts to produce pre-emptive analgesia with 


British Journal of Anaesthesia 


ketamine were ineffective. This is clearly a controver- 
sial area warranting further study. 


Extradural administration 

The efficacy of extradural ketamine is also controver- 
sial. Naguib and colleagues” reported that extradural 
ketamine 30 mg produced potent postoperative pain 
relief without respiratory depression or psychic 
disturbance, while Schneider and Diltoer” showed 
that extradural ketamine (30 mg with 30 mg h`) pro- 
vided inadequate analgesia with an associated 
“unpleasant feeling”. Although ketamine has been 
reported to interact with opioid receptors’ °, the 
affinity for opioid receptors may be 10000 fold 
weaker than that of morphine’. Pharmacokinetic 
studies of extradural ketamine” and morphine” in 
dogs showed that 30 min after extradural injection 
the concentration ratio of cerebrospinal fluid/plasma 
was approximately 0.5 and 40, respectively. There- 
fore, it seems unlikely that extradural ketamine 
produces analgesia via opioid receptor occupation in 
the spinal cord and an effective (at the opioid recep- 
tor) extradural dose of ketamine is likely to produce 
not only spinal but also systemic effects, which might 
include general anaesthesia. f 


Intrathecal administration 
Ketamine has been administered intrathecally (5-50 
mg in 3 ml, approximately 0.2-2% solution) with or 
without adrenaline 0.1 mg for war casualties with lower 
limb injuries‘. Ketamine 50 mg with adrenaline (but 
not ketamine alone) produced sensory and motor block 
without respiratory depression or hypotension lasting 
45-90 min. Unlike the study of Dowdy, Kaya and 
Gocho’ in dogs, central effects such as dizziness and 
drowsiness were reported in humans‘. In animal 
studies”, most investigators found that in the 
absence of adrenaline, ketarnine-induced motor block 
was variable and shortlived"! ”, presumably related to 
increased systemic absorption. Therefore, intrathecal 
ketamine should be used in conjunction with adrenaline. 
In summary, use of i.v., i.m., extradural or intra- 
thecal ketamine for postoperative pain relief is clearly 
of limited value. 


NEUROPROTECTIVE ACTION 


As activation of NMDA receptors is implicated in 
cerebral ischaemic-damage, NMDA receptor antago- 
nists, including ketamine, have neuroprotective 
potential. In a study using MK-801 (an NMDA 
antagonist) and ketamine, Church, Zerman and 
Lodge reported neuroprotection after transient 
cerebral ischaemia in rats”. However, they also 
observed that high doses of ketamine and MK-801 
produced behavioural disturbances. Hoffman and 
colleagues” showed that ketamine improved neuro- 
nal outcome from incomplete cerebral ischaemia in 
rats by a mechanism related to a decrease in plasma 
catecholamine concentrations. In contrast, Jensen 
and Auer™ failed to demonstrate any protection 
against ischaemic damage in rats using ketamine. It is 
difficult to explain the discrepancy in these two stud- 
ies” (both in rats), especially as the mechanisms for 
producing ischaemia, ischaemic time and the keta- 
mine administration regimen were very similar. Fur- 
ther mechanistic studies are required to determine 
any neuroprotective efficacy. 


Editorial 


CRITICAL ILL PATIENTS 

Septic shock 

Ketamine has been shown to reduce the need for 
inotropic support in septic patients”, an effect that 
may be related to inhibition of catecholamine 
uptake”. In addition, infusion of ketamine resulted in 
better sedation, increased arterial pressure and dimi- 
nution of bronchospasm in a patient with acute lym- 
phatic leukaemia who developed bilateral fulminat- 
ing pneumonia with marked agitation, hypotension 
and bronchospasm”. In this patient infusion of 
midazolam failed to provide adequate sedation. Sev- 
eral animal studies also indicated that ketamine 
anaesthesia may reduce pulmonary injury via a 
reduction in endotoxin-induced pulmonary hyper- 
tension and extravasation” and produce haemody- 
namic stability (presumably via reduction in catecho- 
lamine reuptake™) in a model of endotoxic shock”. In 
a recent study, Schmidt and colleagues showed that 
ketamine reduced endotoxin-mediated leucocyte 
adhesion to vessel walls“. 


Haemorrhagic shock 

The sympathomimetic effects of ketamine’ may be 
advantageous in patients with haemorrhagic shock 
compared with other conventional anaesthetics. Sev- 
eral clinical reports indicated that induction of 
anaesthesia with ketamine produced either no 
change or a slight increase in arterial pressure and 
heart rate’. However, ketamine should be used 
cautiously for shock patients as severe hypotension 
may occur on induction of anaesthesia. Ketamine- 
induced hypotension in shock may result from loss of 
sympathoadrenal activity that accompanies loss of 
consciousness”. 


Asthma 

Ketamine has been used successfully in the treat- 
ment of status asthmaticus*. Laboratory studies 
indicated that the spasmolytic’* and anti- 
inflammatory actions” ““ of ketamine may contrib- 
ute to its efficacy in asthma. The mechanism by 
which ketamine produces airway relaxation is still 
unclear although several mechanisms” ”* have been 
suggested, including increased catecholamine con- 
centrations, inhibition of catecholamine uptake, 
voltage-sensitive Ca* channel block and inhibition of 
postsynaptic nicotinic or muscarinic receptors. 


In this editorial we have described the pharmacol- 
ogy of ketamine and discussed its clinical use. How- 
ever, our knowledge of the mechanism(s) of action of 
ketamine is still far from complete and we hope fur- 
ther research with this interesting compound may 
provide clues to the mechanism(s) of ketamine 
anaesthesia and analgesia. 


University Department of Anaesthesia 
Leicester Royal Infirmary 
Letcester LE] SWW 
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CLINICAL INVESTIGATIONS 





Morphine consumption in patients receiving rectal paracetamol and 


diclofenac alone and in combination 


J.E. MONTGOMERY, C.J. SUTHERLAND, I.G. KESTIN AND J.R. SNEYD 


Summary 

Paracetamol and diclofenac have different 
mechanisms of action, and the combination may 
be more effective than each drug used alone in 
treating postoperative pain. In a double-blind, 
controlled design, we studied 60 patients under- 
going elective abdominal gynaecological sur- 
gery, who received suppositories of paracetamol 
1.5 g, diclofenac 100 mg or a combination of the 
two before the start of surgery. Patients received 
morphine in the intraoperative period, and 
cumulative morphine use from a patient- 
controlled analgesia system was recorded to 
measure the analgesic effect of the supposito- 
ries. Morphine consumption was greatest in the 
group that received paracetamol alone and low- 
est in the group given the combination (P<0.01). 
There was no difference in the incidence of 
morphine-related side effects between the 
groups. We conclude that a diclofenac- 
paracetamol combination reduced the amount 
of morphine used compared with paracetamol 
alone. (Br. J. Anaesth. 1996;77:445-447) 


Key words 
Analgasics opioid, morphine. Analgesics non-opioid, di- 


clofenac. Analgesics non-opioid, paracetamol. Pain, postop- , 


erative. 





Non-steroidal anti-inflammatory drugs (NSAID), 
such as diclofenac, are effective in the treatment of 
postoperative pain. If given with opioids, the amount 
of opioid required is reduced with a consequent 
reduction in side effects’. In clinical studies, some 
patients with osteoarthritic pain found paracetamol 
to be as efficacious as NSAID, and it does not have 
the side effects of gastric irritation, altered platelet 
function or exacerbation of asthma**. Diclofenac and 
paracetamol have different mechanisms of action and 
the combination may be more effective than either 
drug used alone. We have undertaken a prospective, 
randomized, double-blind, comparative study to 
assess the analgesic efficacy of paracetamol alone and 
in combination with diclofenac. 


Patients and methods 

With Ethics Committee approval and written in- 
formed patient consent, we studied 60 women, ASA 
I or I, aged 25—65 yr, undergoing elective abdominal 
gynaecological surgery. We excluded women weigh- 


ing more than 100 kg, those unable to use a patient- 
controlled analgesia system (PCA) for postoperative 
pain control and those with a history of peptic 
ulceration, bleeding disorders, impaired renal or 
hepatic function, or sensitivity to NSAID or para- 
cetamol. Patients received temazepam 20-30 mg, 1 h 
before operation and anaesthesia was induced with 
thiopentone 3-5 mg kg’. Vecuronium 0.1 mg kg” was 
given to facilitate orotracheal intubation. Morphine 
0.1-0.15 mg kg" was given as an i.v. bolus before the 
start of surgery; additional boluses were given during 
surgery if required up to a total of 0.2 mg kg’. 
Anaesthesia was maintained with 0.5-2% enflurane 
and 60% nitrous oxide in oxygen. 

Patients were allocated randomly to one of three 
groups by opening a sealed envelope, after induction 
of anaesthesia. Allocation was decided using random 
numbers generated by Claris Works software. Group 
P received a rectal suppository of paracetamol 1.5 g; 
group D received a rectal suppository of diclofenac 
100 mg; and group PD received rectal suppositories 
of paracetamol 1.5 g and diclofenac 100 mg. The 
suppositories were given before the start of surgery. 

At the end of surgery, residual neuromuscular 
block was antagonized with glycopyrronium 0.5 mg 
and neostigmine 2.5 mg. In the recovery area 
patients received morphine 2 mg i.v. at 5-min 
intervals until they described their pain as mild or 
absent. A PCA system (Graseby 3300, Graseby 
Medical Ltd, Watford, Herts) programmed to give a 
bolus of morphine 1 mg with droperidol 50 pg, with 
a 5-min lockout time and no background infusion, 
was connected to a dedicated i.v. cannula. Prochlor- 
perazine 12.5 mg i.m. every 6 h if required and oxy- 
gen for the first 6 h were prescribed. 

The amount of morphine given before connection 
to the PCA system and duration of anaesthesia and 
recovery were recorded. Hourly cumulative mor- 
phine requirements were recorded from the elec- 
tronic memory of the PCA system. At 6 and 24 h 
after operation, patients were visited by an investiga- 
tor who was unaware of the treatment group, and 
asked to complete two 10-cm visual analogue scales 
(VAS), one for pain and one for nausea. Both scales 
ranged from none to worst possible. The VAS for 
pain was recorded on deep breathing, as this has 
been shown to be more reproducible than a pain 
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score obtained at rest’. At these times the investigator 
also recorded a sedation score: O=fully awake; 
1=drowsy; 2=sleeping but responds to gentle stimu- 
lus; 3=sleeping no response to gentle stimulus. The 
nurses recorded routinely pain and sedation scores 
and ventilatory frequency every hour for 6 h, and 
every 2 h thereafter. 

The sample size was chosen by a priori power cal- 
culation to provide 80% probability of demonstrating 
a reduction in the use of morphine by 30% when 
a=0.05. Results were analysed using repeated meas- 
ures one-way analysis of variance for morphine con- 
sumption, one-way analysis of variance and Fisher’s 
exact test; paired comparisons were made using Stu- 
dent’s t test with Bonferroni correction for paramet- 
ric data and Dunn’s test for non-parametric data. 
The level of significance was 5%. 


Results 


One woman, who received both paracetamol and 
diclofenac, was excluded from the analysis as she was 
unable to use the PCA because of severe vomiting 
and requested alternative analgesia 19 h after opera- 
tion. Of the remaining 59 women, 20 received para- 
cetamol, 20 received diclofenac and 19 received 
both. 

There were small but statistically significant differ- 
ences in age and body mass index between the three 
groups. Women who received both paracetamol and 
diclofenac were significantly older than those who 
received paracetamol (mean age 44.5 yr compared 
with 38.1 yr, P=0.02) (table 1). Body mass index for 
those given paracetamol was significantly less than 
for either of the other groups (22 compared with 
26.1 and 24.4, P<0.02) (table 1). Duration of anaes- 
thesia and amount of time spent in recovery were 
similar in all three groups (table 1). 

The amount of morphine required before the start 
of the PCA was similar in each group (mean 12.5 
mg, 14.8 mg and 13.4 mg) (table 2). Patients receiv- 
ing paracetamol used significantly more morphine 
over the 24 h than those given paracetamol and 
diclofenac (P<0.05) (fig. 1, table 2). Women given 
diclofenac used an intermediate amount of mor- 
phine, although this was not significantly different 
from the two other groups (fig. 1). VAS pain scores 
were similar between groups (table 2). 

There were no differences between the groups in 
any of the measures of nausea and vomiting (table 3), 
and sedation scores were similar between groups. No 
patient had a ventilatory frequency of less than 10 


Table 1 Patient characteristics and recovery times (mean (sp or 
range)). *P < 0.05 compared with combination group; + P < 0.05 
compared with the two other groups 


Paracetamol Diclofenac Combination 
(n=20) (n=20) (n=19) 
Age (yr) 38.1 40.5 44.5 
(24-53)* (26-60) (33-59) 
Body mass index 22 26.1 24.4 
(17.5-30.8)t (17.2-34.4) (18.7-31.8) 
Duration of 
anaesthesia 
(min) 94.4 (26.9) 94.7 (18.9) 97.3 (23.3) 
Time in recovery 
(min) 71.1 (20.3) 72.5 (36.4) 68.9 (25.5) 
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Table 2. Pain scores and morphine use (mean (95% confidence 
intervals (CI))). **P < 0.01 compared with paracetamol group 
(ANOVA) 


Paracetamol Diclofenac Combination 
(n=20) (n=20) (n=19) 
Morphine during 11.1 11.7 11.9 
anaesthesia (9.9-12.2) (10.1-13.3) (10.4-13.3) 
Morphine in 1.5 3.1 1.5 
recovery area (0.3-2.7) (1.54.6) (0-3.1) 
Morphine from 16.4 14.1 9.4 
PCA, 0-6 h (11.7-20.1)  (10.7-17.3)  (6.7-12.1)** 
Morphine from 44.9 34.5 27.1 
PCA, 0-24h (36.1-53.6) (27.4-41.6) (18.5-35.8)** 
Pain VAS, 6 h 3.3 1.7 2.6 
(median (range)) (0.0-7.1) (0.3-5.1) (0.0-7.9) 
Pain VAS, 24 h 3.4 1.9 2.1 
(median (range)) (0.2-9.2) (0.0-7.2) (0.2—4.6) 


Table 3 Sedation and nausea and vomiting scores (median 
(range)) 


Paracetamol Diclofenac Combination 


(n=20) (1=20) (n=19) 
Sedation score at6h 2 (0-2) 2 (0-2) 2 (2-0) 
Sedation score at 24h 0 (0-2) 0 (0-2) 0 (0-2) 











Nausea VAS at6h 0.65 (0-6.7) 0.3 (0-4.4) 0.6 (0-5) 
Nausea VAS at24h 2.6 (0-8.8) 2.3 (0—.6) 1 (0-5.5) 
Incidence of vomiting 8 (40%) 6 (30%) 5 (26%) 
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Figure 1 Cumulative morphine consumption (mean, sD) in the 
paracetamol (¢), diclofenac (™) and combination (A) groups . 
For clarity error bars are omitted from the diclofenac group. At 6, 
12, 18 and 24 h, the sp values of this group were 7.0, 9.0, 12.4 
and 15.1 mg, respectively 


bpm. One patient, who received both paracetamol 
and diclofenac, required transfusion because of 
excessive blood loss during difficult surgery. No 
other patient required blood transfusion. 


Discussion 

The use of a combination of paracetamol with other 
NSAID has been shown to improve analgesia in den- 
tal and other pain models’®. In our study, patients 
used a PCA system and therefore the effects of the 
drugs were measured by morphine consumption, not 
by differences in analgesia. Diclofenac and paraceta- 
mol have different mechanisms of action and their 
actions may therefore be additive or synergistic. The 


Postoperanve paracetamol and diclofenac 


use of the combination reduced the amount of mor- 
phine required during the first 24 h after operation 
compared with paracetamol alone. Patients who 
received both drugs used less morphine than those 
who received diclofenac alone, but this was not 
statistically significant. We would need to study 
approximately 100 patients per group for these 
differences to be statistically significant. 

We did not include a placebo control group, who 
would have received morphine PCA alone, as a pre- 
vious study has shown that diclofenac reduces 
morphine requirements, with reduced pain scores at 
4h after surgery’. 

The dose of paracetamol used (1.5 g) was higher 
than the normal oral paracetamol dose, as the 
bioavailability of suppositories is lower than tablets’ 
and only a single dose was given. Recent studies in 
children receiving rectal paracetamol have shown 
that doses as high as 35 mg kg” may be needed to 
achieve plasma concentrations in the therapeutic 
range”. It may be that the initial dose of rectal para- 
cetamol needs to be larger than currently recom- 
mended to provide better analgesia; further studies 
are needed to assess this. 

Patients in the paracetamol group had a signifi- 
cantly lower body mass index than the two other 
groups, however, the effective dose of morphine is 
not necessarily dose related”. Women in the 
paracetamol group were also slightly younger than in 
the combination group, which would be likely to 
increase morphine consumption. However, mor- 
phine consumption is very variable between patients 
and the age difference was small, therefore we believe 
that this was unlikely to have had an important effect. 
The incidence and severity of nausea and vomiting 
were similar to those reported in other studies where 
droperidol was used in the PCA and were similar 
between groups’; if droperidol had not been 
included it may have been possible to show between- 
group differences. 

In conclusion, the use of a diclofenac—paracetamol 
combination reduced the amount of morphine 
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required for adequate analgesia by about one-third 
compared with paracetamol alone. 
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Postoperative pulmonary function after laparoscopic and open 


cholecystectomy 


A. J. KaRAyYIANNAKIS, G. G. MAKRI, A. MANTZIOKA, D. KAROUSOS AND G. KARATZAS 


Summary 

In this prospective, randomized study, we com- 
pared 42 patients undergoing laparoscopic 
cholecystectomy and 40 undergoing open chole- 
cystectomy to determine if laparoscopic chole- 
cystectomy results in less respiratory impair- 
ment and fewer respiratory complications. 
Pulmonary function tests, arterial blood-gas 
analysis and chest radiographs were obtained in 
both groups before operation and on the second 
day after operation. Postoperative pain scores 
and analgesic requirements were also recorded. 
After operation, a significant reduction in total 
lung capacity, functional residual capacity (FRC), 
forced expiratory volume in 1 s (FEV,), forced 
vital capacity (FVC) and mid-expiratory flow 
(FEF 5759,) occurred after both laparoscopic and 
open cholecystectomy. The reductions in FRC, 
FEV, FVC and FEF 575, were smaller after 
laparoscopic (7%, 22%, 19% and 23%, respec- 
tively) than after open (21%, 38%, 32% and 34%, 
respectively) cholecystectomy. Laparoscopic 
cholecystectomy was also associated with a sig- 
nificantly lower incidence (28.6% vs 62.5%) and 
less severe atelectasis, better oxygenation and 
reduced postoperative pain and analgesia use 
compared with open cholecystectomy. We con- 
clude that postoperative pulmonary function 
was impaired less after laparoscopic than 
after open cholecystectomy. (Br. J. Anaesth. 
1996;77:448-452) 


Key words 


Lung, atelectasis. Complications, respiratory. Surgery, lapar- 
oscopy. Surgery, gastrointestinal. Lung, function. 


Cholecystectomy performed via laparotomy is asso- 
ciated with postoperative pulmonary dysfunction 
which increases the risk of postoperative pulmonary 
complications. The site and size of the surgical inci- 
sion, severity of postoperative pain and impaired dia- 
phragmatic function are the most important factors 
known to impair pulmonary function after conven- 
tional open cholecystectomy”. 

Laparoscopic cholecystectomy is a new technique 
that has become the treatment of choice for sympto- 
matic cholelithiasis®. The procedure is associated 
with the absence of skin incision, less pain, shorter 
hospitalization and faster recovery compared with 
open cholecystectomy**. Minimal pulmonary dys- 
function after laparoscopic cholecystectomy in 


healthy patients has been reported by several 
authors’"*. However, in most studies only expiratory 
lung volumes were evaluated and postoperative 
respiratory complications were not studied. In 
addition, these were observational or non- 
randomized studies, limited to a small number of 
patients, and could have exaggerated the advantages 
of laparoscopic cholecystectomy. 

We have therefore compared changes in respiratory 
function after laparoscopic and conventional open 
cholecystectomy in a prospective, randomized study. 


Patients and methods 


All patients with symptomatic cholelithiasis, under- 
going elective cholecystectomy under general anaes- 
thesia, were considered for entry into this study. 
Exclusion criteria were acute cholecystitis, choledo- 
cholithiasis, age more than 65 yr and obesity (body 
mass index >29 kg m°). Patients with a history of 
previous pulmonary disease, those smoking more 
than 10 cigarettes per day and patients not accepting 
randomization were also excluded. The study was 
planned according to the Helsinki declaration and 
was approved by our hospital’s Research Ethics 
Committee. After giving informed consent, suitable 
patients were allocated randomly, by selecting closed 
envelopes, to a surgical team capable of performing 
each procedure. 

Anaesthetic and operative procedures were stand- 
ardized for each group. Diazepam 10 mg was given 
orally for premedication 60 min before surgery. Gen- 
eral anaesthesia was induced with fentanyl 2 ug kg” 
and thiopentone 5 mg kg’. Suxamethonium 1 mg 
kg’ was given to facilitate intubation of the trachea. 
Anaesthesia was maintained with 1% isoflurane and 
60% nitrous oxide in oxygen, fentanyl and pancuro- 
nium. The lungs of all patients were ventilated 
mechanically with a tidal volume of 8-10 ml kg’ and 
ventilatory frequency was adjusted to maintain an 
end-tidal carbon dioxide partial pressure of 4.0-4.3 
kPa. During operation, patients were monitored con- 
tinuously for heart rate, arterial pressure, oxygen 
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saturation (as measured by pulse oximetry) and 
partial pressure of carbon dioxide in exhaled gas 
(end-tidal carbon dioxide). Arterial blood samples 
for gas analysis were obtained just before insufflation, 
during dissection of the cystic pedicle and before 
desufflation. 

All operations were performed in the morning after 
an overnight fast. All patients had a nasogastric tube 
and urinary catheter inserted, and these were 
removed immediately after surgery. Open cholecys- 
tectomies were performed through a transverse right 
subcostal incision, 10-12 cm long, with partial 
transection of the ipsilateral rectus abdominis 
muscle. Laparoscopic cholecystectomies were per- 
formed via a four trocar technique, as described pre- 
viously”, pneumoperitoneum was established with 
carbon dioxide insufflation and the intra-abdominal 
pressure was maintained at 14 mm Hg. 


PULMONARY FUNCTION STUDIES 


Static and dynamic lung volumes and flow rates were 
measured using Jaeger’s Bodybox and pneumotacho- 
graph (Bodyscreen II, Jaeger, Germany). Measure- 
ments were made with the patient in the sitting posi- 
tion, according to the guidelines of the American 
Thoracic Society®. Forced vital capacity (FVC), 
forced expiratory volume in 1 s (FEV,), mid- 
expiratory flow (FEF ,>5 75), functional residual 
capacity (FRC), residual volume (RV), total lung 
capacity (TLC) and airway resistance (Raw) were 
measured and the greatest value of three attempts 
was recorded, except for FRC which was defined as 
the mean of three measurements. RV/TLC and 
FEV,/FVC ratios were also calculated. Arterial 
blood-gas analysis was performed just before the 
spirometric studies using an automatic analyser 
(ABL-3, Radiometer, Copenhagen, Denmark). All 
tests were performed in our respiratory laboratory by 
the same physician who was unaware of the nature of 
the study. 

Posteroanterior and lateral chest radiographs were 
obtained at maximal inspiration with the patient in 
the upright position. Chest radiographs were inter- 
preted by a qualified radiologist who was unaware of 
the type of procedure and whether the x-ray was per- 
formed before or after operation. Atelectasis was 
graded as micro-, focal, segmental or lobar. Pneumo- 
nia was defined as the simultaneous presence of 
radiological and physical signs, and positive culture 
results. 

All studies were performed on the day before sur- 
gery and in the morning of the second postoperative 
day. Postoperative spirometry was performed if the 
VAS pain score, estimated at rest just before testing, 
was less than 4 cm. 


PAIN ASSESSMENT 


Intensity of postoperative pain was estimated using a 
linear 0-10 cm (0=no pain, 10=severe pain) visual 
analogue scale (VAS). Assessments were made when 
the patient arrived at the recovery ward, 4 and 12h 
after the end of surgery, and thereafter at 08:00, 
14:00 and 20:00 every day after operation. To stand- 
ardize postoperative analgesia, pethidine 0.5 mg kg” 
i.m. was administered to all patients, as requested by 
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the patient. Pain charts were collected every day by 
an independent observer and the daily recorded 
numerical pain scores were summed for each patient. 
Analgesic use was also calculated on a daily basis as 
the total quantity of pethidine administered. 


STATISTICAL ANALYSIS 


All data are presented as mean (sD) values except for 
pain scores and pethidine consumption where the 
median (interquartile range) value is used. Statistical 
analysis was performed using the Statgraphics 5.1 
statistical software package (Statistical Graphics 
Corporation, Rockville, MD, USA). Quantitative 
data were analysed by paired and unpaired t test and 
categorical data by chi-square test. Differences in 
pulmonary function variables within each group 
were evaluated by the paired t test. Perioperative 
changes were calculated and statistical comparisons 
between groups were made using the unpaired t test. 
The overall incidence and severity of atelectasis 
between groups were compared by the chi-square 
test for trend. The Mann-Whitney U test was used to 
compare pain scores and analgesic requirements. 
Significance was presumed at P<0.05. 


Results 
During the study period (March 1992 to November 
1993), 147 patients fulfilling the selection criteria 
were admitted for elective cholecystectomy. In- 
formed consent to randomization was obtained from 
98 patients. Seven patients (two allocated for laparo- 
scopic and five for open cholecystectomy) declined 
to take part after randomization. Two patients from 
the laparoscopic cholecystectomy group were ex- 
cluded because of incomplete recording of pulmo- 
nary function tests. Three patients randomized for 
laparoscopic cholecystectomy required conversion to 
open cholecystectomy as a result of difficulties in 
defining anatomy. These patients were also excluded. 
Four patients scheduled for open cholecystectomy 
were excluded from the study because they under- 
went common bile duct exploration. Thus 82 
patients completed the study: 42 patients underwent 
laparoscopic and 40 open cholecystectomy. The two 
study groups were similar in patient characteristics, 
and anaesthetic and operative times. Duration of 
postoperative hospital stay was significantly shorter 
after laparoscopic cholecystectomy (table 1). 
Preoperative pulmonary function tests and arterial 
blood-gas values were normal and did not differ sig- 
nificantly between the two groups. After operation, a 
significant reduction (P<0.05) in TLC, FRC, FEV), 


Table 1 Clinical details of patients undergoing laparoscopic 
(LC) or open (OC) cholecystectomy (mean (sp or range)). 
*P<0.05 between groups (t test) 








Variable LC (n=42) OC (n=40) 
Age (yr) 57.1 (32-79) 56.1 (34-76) 
Sex (M/F) 18/24 18/22 
Weight (kg) 76.2 (12.8) 78.2 (15.1) 
Height (cm) 161 (9.1) 163 (8.3) 
Operative time (min) 108 (23) 97 (19) 
Anaesthesia time (min) 139 (18) 116 (15) 
Postoperative hospital stay (days) 2.04 (0.62) 5.65 (1.16)* 
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Table 2. Postoperative changes (mean (sp)) in pulmonary 
function variables and arterial blood-gas values after laparoscopic 


- _ cholecystectomy. *P < 0.05 compared with preoperative values 


7% (paired z test) 

é Perioperative 
Variable Preoperative Postoperative change 
Raw (kPa litre? s) 0.27 (0.08) 0.30 (0.12) 0.025 (0.11) 
TLC (litre) 4.98 (1.11) 4.34 (0.94)* —0.63 (0.57) 
RY (litre) 1.78 (0.50) 1.73 (0.52)  —0.05 (0.39) 
RV/TLC (%) 36.54 (9.15) 40.77 (11.5)* 4.23 (8.41) 
FRC (litre) 2.55 (0.66) 2.34 (0.60)* -0.20 (0.40) 
FEV, (litre) 2.80 (1.01) 2.16 (0.79)* —0.64 (0.65) 
FVC (litre) 3.22 (1.06) 2.55 (0.85)* —0.66 (0.52) 
FEV,/FVC (%) | 82.71 (11.49) 85.52 (17.51) 2.80 (12.82) 
FEF 35 75% (litre) 3.18(1.17) 2.44 (1.09)* —0.74 (0.65) 
pH ` 7.38 (0.04) 7.37 (0.04) -0.007 (0.04) 
Paco, (kPa) 4.92 (0.39) 5.03 (0.30) 0.11 (0.42) 
Pao, (kPa) 11.31 (0.79) 11.15 (0.65) —0.16 (0.51) 


Table 3 Postoperative changes (mean (sp)) in pulmonary 
function variables and arterial blood-gas values after open 
cholecystectomy. *P < 0.05 compared with preoperative values 
(paired z test); tP < 0.05 between groups (t test) 





Perioperative 
Variable Preoperative Postoperative change 
Raw (kPa litre 37) 0.26 (0.10) 0.31 (0.15) 0.048 (0.17) 
TLC (litre) 5,12 (1.21) 4.33 (1.03)*  -0.79 (0.66) 
RV (litre) 1.88 (0.66) 1.81 (0.68)  —0.07 (0.43) 
RV/TLC (%) 37.13 (9.51) 42.61 (12.37)* 5.47 (10.00) 
FRC (litre) 2.68 (0.63) 2.08 (0.51)* —0.60 (0.40)t 
FEV, (litre) 2.89 (0.74) 1.76 (0.53)* —1.12 (0.62)f 
FVC (litre) 3.27 (0.90) 2.2 (0.69)* -1.07 (0.56)t 
FEV,/FVC (%) 80.42 (8.96) 82.77 (21.17) 2.35 (19.42) 
FEF 25755 (litre) 2.95 (1.02) 1.95 (0.80)* -1.00 (0.54)+ 
pH 7.38 (0.05) 7.38 (0.04) —0.004 (0.05) 
Paco, (KPa) 4.89 (0.38) 5.01 (0.35) 0.11 (0.38) 
Pag, (kPa) 11.33 (0.77) 10.65 (0.83)* —0.68 (0.50)+ 





FYC and FEF,. 5.6, occurred after laparoscopic 
(table 2) and open cholecystectomy (table 3). 
However, mean reductions in FRC, FEV,, FVC and 
FEF,5 75% after laparoscopic cholecystectomy (0.20 
(0.40) litre (7 (13)%), 0.64 (0.65) litre (22 (17)%), 
0.66 (0.52) litre (19 (16)%) and 0.74 (0.65) litre (23 
(21)%), respectively) were significantly (P<0.05) 
smaller compared with those after open cholecystec- 
tomy (0.60 (0.40) litre (21 (12)%), 1.12 (0.62) litre 
(38 (17)%), 1.07 (0.56) litre (32 (19)%) and 1.00 
(0.54) litre (34 (15)%), respectively). The RV/TLC 
ratio increased significantly in both groups (P<0.05). 
Changes in Raw, RV and FEV,/FVC ratio were mini- 
mal and not significant in both groups. Arterial 
blood-gas analysis revealed better oxygenation after 
laparoscopic cholecystectomy (Pap, =11.15 (0.65) vs 
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Table 4 Postoperative atelectasis after laparoscopic (LC) or open 
(OC) cholecystectomy. *P < 0.05 between groups (chi-square 
test for trend) 


LC (n=42) OC (n=40) 
Microatelectasis 7 14 
Focal 3 7 
Segmental 2 3 
Lobar 0 1 
Normal 30 15* 


10.65 (0.83) kPa; P<0.05). Arterial pH and Paco, 
remained unchanged in both groups. 

All preoperative chest radiographs were inter- 
preted as normal. The overall incidence of postop- 
erative atelectasis was significantly higher after open 
cholecystectomy (62.5% ws 28.6%; overall chi- 
square=10.09, df=4, P<0.05) (table 4). Atelectasis 
was also more severe after open cholecystectomy 
(chi-square for trend=7.05, df=1, P<0.05). Patients 
who developed atelectasis in the open cholecystec- 
tomy group had lower Paco, values compared with 
those without atelectasis (16.2 (0.9) vs 11.0 (0.8) 
kPa, P<0.05). In contrast, postoperative Paco, values 
in the laparoscopic cholecystectomy group were not 
significantly different between patients with and 
without atelectasis (10.9 (0.7) vs 11.3 (0.6) kPa). No 
patient was diagnosed as having pneumonia. 

Postoperative pain scores and pethidine analgesia 
use during the study were significantly less in the 
laparoscopic cholecystectomy group (table 5). 


Discussion 


When this study was designed the authors had 
experience of performing 40 laparoscopic cholecys- 
tectomies, At that time many surgeons were critically 
examining the benefits of the procedure and there 
were surgeons at our institution who were not 
performing laparoscopic cholecystectomy. A rand- 
omized study of laparoscopic compared with open 
cholecystectomy was justified. As the study pro- 
ceeded, ethical problems arose, as experienced by 
other authors”. In addition, the wide media publicity 
resulted in high motivation among patients to 
undergo only laparoscopic cholecystectomy. The 
highest rate of non-acceptance and all withdrawals 
after randomization were observed during the last 6 
months of the study. Men were more keen to partici- 
pate in the study and this was reflected in the 
relatively higher than expected male/female ratio in 
this study. 

To our knowledge, there has been no other 
randomized study comparing pulmonary function 
after laparoscopic and open cholecystectomy. Results 
from this study indicated that considerable impair- 
ment of pulmonary function occurred after laparo- 


Table 5 Daily pain scores (VAS) and analgesic requirements (median (interquartile range)) after laparoscopic (LC) or open (OC) 


cholecystectomy. *P < 0.05 between groups (Mann-Whitney U test) 





VAS (cm) Pethidine (mg day `) 

LC (n=42) OC (n=40) LC (n=42) OC (n=40) 
Day of surgery 4 (4-5) 5 (4-6)* 60 (46-87) 80 (70-120)* 
Ist postoperative day 3 (2-4) 4 (3-5)* 30 (0-40) 135 (105-160)* 
2nd postoperative day 2 (1-2) 3 (2-4)* 0 (0-34) 90 (70-120)* 
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scopic cholecystectomy in otherwise healthy patients. 
The patterns of postoperative alterations were quali- 
tatively similar but quantitatively less than those after 
open cholecystectomy. In previous observational” * 
and non-randomized controlled*”"*” studies, the 
postoperative reduction in FVC, FEV, and FEF 5 759, 
ranged from 20% to 40% on the first or second post- 
operative day after laparoscopic and from 40% to 
70% after open cholecystectomy in healthy patients. 
A significant reduction in TLC after laparoscopic 
(8% to 17%) and after open (22%) cholecystectomy 
was also observed’, while RV was unchanged” *. 
FRC has been reported to decrease 24 h after laparo- 
scopic cholecystectomy by 7% to 15% of preopera- 
tive values?” compared with a reduction of 36% 
after open cholecystectomy”. The patterns and mag- 
nitude of the changes in pulmonary function after 
laparoscopic or open cholecystectomy observed in 
this study are in agreement with those mentioned 
above. The small discrepancies may possibly be 
related to differences in patient selection criteria, 
duration of anaesthesia and surgery, and measure- 
ments at different postoperative times. However, the 
most important finding is that laparoscopic cholecys- 
tectomy is associated with less impairment of pulmo- 
nary function compared with open cholecystectomy. 

Upper abdominal surgery performed through a 
subcostal or midline incision is associated with 
significant alterations in pulmonary function. A 
restrictive breathing pattern with reduced inspiratory 
capacity is evident immediately after surgery'?. A 
shift from abdominal to thoracic breathing occurs 
because of the reduced diaphragmatic contribution 
to tidal volume**”. Although the aetiology of pulmo- 
nary dysfunction after upper abdominal surgery is 
not completely elucidated, postoperative pain’”” 
and diaphragmatic dysfunction‘ are considered to 
be the major contributing factors. Pain scores and 
analgesic requirements in this study were reported 
up to the second postoperative day as at that time 
most of the patients undergoing laparoscopic chole- 
cystectomy were discharged from hospital. De- 
creased pain scores and reduced analgesic require- 
ments, observed during this period of time, 
confirmed the clinical observations that laparoscopic 
cholecystectomy was accompanied by less postopera- 
tive pain. However, it is not evident if less postopera- 
tive pain is the only factor responsible for less impair- 
ment of pulmonary function after laparoscopic 
cholecystectomy. Extradural analgesia provides ad- 
equate pain relief but does not improve pulmonary 
function after laparoscopic cholecystectomy”. 
Therefore, diaphragmatic dysfunction after laparo- 
scopic cholecystectomy should be considered also. 
Diaphragmatic contribution to tidal volume during 
quiet breathing was found to be unchanged immedi- 
ately after laparoscopic cholecystectomy”. However, 
3 h after surgery a shift from abdominal to thoracic 
breathing associated with a 30% reduction in total 
tidal volume and an increased breathing frequency 
were observed”. This rapid and shallow breathing 
pattern led to an increase in end-tidal carbon dioxide 
concentration by 9%. There was no evidence of 
altered contractility and changes in breathing pattern 
were attributed to reflex inhibition of diaphragmatic 
inspiratory activity. Impaired diaphragmatic function 
early after laparoscopic cholecystectomy with 
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gradual restoration over 24 h was documented also 
by direct diaphragmatic electromyography”. Altera- 
tions in rib cage—abdominal partitioning with reduc- 
tion in abdominal tidal volume during resting and 
coached abdominal breathing by 32% and 29%, 
respectively, and shortening of the inspiratory time 
were observed 24 h after laparoscopic cholecystec- 
tomy”. These findings suggest that diaphragmatic 
dysfunction, similar to that in the open procedure, 
does occur after laparoscopic cholecystectomy. This 
is not unexpected as the intra-abdominal site of 
intervention is the same in both procedures. 
Manipulation and local stimulation of the gallblad- 
der and its bed during laparoscopic cholecystectomy 
may elicit reflex inhibition of the diaphragm, as has 
been shown in animal studies”. 

Postoperative alterations in pulmonary function 
are clinically important if they contribute to respira- 
tory complications. The decrease in FRC and its 
relation to the closing capacity have been shown to 
correlate well with postoperative atelectasis and 
hypoxaemia’” ”. The development of atelectasis after 
laparoscopic cholecystectomy has been evaluated in 
two other studies. Johnson and colleagues" reported 
that segmental atelectasis developed in three of 31 
patients undergoing laparoscopic cholecystectomy. 
In the study of Schauer and colleagues”, radiological 
atelectasis of varying degrees occurred in 40% of 
patients after laparoscopic cholecystectomy com- 
pared with 95% of patients after open cholecystec- 
tomy. This high rate of atelectasis was probably a 
result of the fact that many patients in that study had 
risk factors for postoperative pulmonary complica- 
tions. In our study in healthy patients, the incidence 
and severity of postoperative atelectasis were signifi- 
cantly reduced and Pao, values were higher after 
laparoscopic cholecystectomy. Better oxygenation 
after laparoscopic cholecystectomy compared with 
open cholecystectomy has been also reported by 
other authors’""*. Although these findings parallel 
the changes in FRC, it is difficult to ascertain if the 
smaller reduction in FRC after laparoscopic chole- 
cystectomy observed in our study translates into 
fewer respiratory complications. 
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Influence of motivation of care providers on the incidence of 
postoperative hypoxaemia in the recovery room} 


A. T. RHENECR-LEYSSIUS, C. J. KALKMAN AND A. TROUWBORST 


Summary 

We have studied the influence of motivation of 
care providers on the incidence and duration of 
postoperative hypoxaemia in the recovery room. 
In a prospective, switch-back designed cohort 
study, we have compared the incidence of low 
pulse oximeter saturation values (Spo) during 
pre-intervention, intervention an post- 
intervention phases. Low Spo, values were clas- 
sified as either hypoxaemia (Spo, =s 90%, mini- 
mum duration 1 min) or artefact. Pulse oximetry 
trend data from 1350 patients, 450 in each group, 
were analysed. During the intervention phase, 
motivation was increased by adding an explicit 
instruction to prevent and treat low Spo, values 
and making personnel aware that they were 
being studied (Hawthorne effect). The incidence 
of hypoxaemia decreased significantly from 
17.8% during the pre-intervention phase to 
11.6% during the intervention phase (relative 
risk (RR) 0.65, 95% confidence interval (Cl) 0.47- 
0.90; P<0.01). The incidence of severe hypoxae- 
mia (Spo, =< 85%, 1 min) decreased from 7.8% to 
3.3% (RR 0.43, Cl 0.24-0.76; P<0.01). The number 
of patients who had severe hypoxaemia for 
more than 5 min decreased from 13 to 1 (RR 
0.08, CI 0.02-0.36; P<0.01). In the post- 
intervention period, the incidence of hypoxae- 
mia returned to pre-intervention values. The 
results of this study suggest that motivation of 
care providers to prevent and treat low Spo, is an 
important determinant of postoperative hypox- 
aemia in the recovery room. (Br. J. Anaesth. 
1996;77:453-457) 


Key words 
Hypoxaemia. Surgery, postoperative period. Monitoring, 
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Pulse oximetry is used in the recovery room to alert 
staff to life-threatening respiratory events and to 
detect milder forms of hypoxaemia that may require 
treatment”, Although the pulse oximeter is highly 
sensitive for hypoxaemia, its specificity is low. 
Especially in the early postoperative phase, pulse oxi- 
meter artefacts may produce oxyhaemoglobin satura- 
tion (Spo,) values that do not represent hypoxaemia* *. 


In a recent study the average frequency of pulse oxi- 
meter alarms (Spo, < 90%) being sounded in the 
recovery room was once every 8 min, with 77% of 
alarms being false’. We suspected that a very high 
incidence of false alarms could encourage recovery 
room nurses to accept low Spo, values as “normal” 
or “inevitable” and decrease their motivation to treat 
bypoxaemia. 

This prospective cohort study was designed to test 
if motivation of care providers plays a role in 
preventing hypoxaemia. The study had a switch-back 
design (pre-intervention, intervention, post- 
intervention). Care providers (recovery room nurses 
and anaesthetists) were unaware of Spo, data collec- 
tion in the pre-intervention period. In the interven- 
tion period an explicit instruction to maintain 
Spo,>90% accompanied each patient, and care pro- 
viders were purposely made aware that they were 
being studied. The null hypothesis was that the inter- 
vention would not change the incidence or duration 
of hypoxaemia. The post-intervention period served 
to ascertain if any possible change in the incidence of 
hypoxaemia occurring during phase 2 persisted after 
the incentives to prevent and treat low Spo, values 
were removed. 


Patients and methods 


The study was performed in a 650-bed community 
hospital. Six full-time anaesthetists (minimum 
experience 6 yr post-graduation) are on staff. There 
are 10 operating rooms and a nine-bed recovery 
room. Neurosurgical procedures or cardiac surgery 
are not performed. Neither the types of case nor the 
anaesthetic technique changed over the three study 
phases. Patients undergoing operations under gen- 
eral, spinal or extradural anaesthesia, who were 
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monitored for at least 10 min in the recovery room, 
were eligible to enter the study. There were no exclu- 
sion criteria based on age or clinical condition of the 
patient. 

For each of the three study phases, Spo, data from 
450 consecutive patients were retrieved from pulse 
oximeter memory (3—4 weeks for each phase). 

During phase 1, anaesthetists and nurses were 
unaware of Spo, data collection. The default lower 
alarm limit of the pulse oximeter was 90%. There 
were no specific written guidelines regarding treat- 
ment of postoperative hypoxaemia. This study phase 
was designed to determine the incidence of hypoxae- 
mia during routine postoperative care. After analysis 
of these data, care providers were informed of the 
incidence and duration of postoperative hypoxaemia, 
and the study design was explained. No attempt was 
made to link hypoxaemia to individual anaesthetists 
or nurses. 

Phase 2 of the study, the intervention period, was 
conducted immediately after completion of phase 1. 
An explicit written instruction to maintain 
Spo,>90% accompanied each patient, but no spe- 
cific instructions regarding the methods of maintain- 
ing normoxaemia were given. Anaesthetists and 
nurses were now aware that pulse oximetry data from 
the next 450 patients would be retrieved and 
analysed. In this way a positive bias on performance, 
resulting from the knowledge of being studied (Haw- 
thorne effect) was purposely introduced. After com- 
pletion of phase 2, data were analysed and the results 
presented to care providers. From that time, the 
written instruction to prevent hypoxaemia was omit- 
ted from the postoperative orders. 

Phase 3 started 2 months after completion of 
phase 2. There was no written instruction to prevent 
hypoxaemia in the postoperative orders. Anaesthet- 
ists and nurses were again unaware that pulse oxime- 
try data were collected. 

The hospital Ethics Committee advised that only 
patients in phase 2 were required to give informed 
consent, as data obtained in phases 1 and 3 consisted 
of anonymous pulse oximeter trend data and no ran- 
domization was involved. 


RECOVERY ROOM AND DATA ACQUISITION 


One nurse takes care of a maximum of two 
postoperative patients at a time. If necessary, postop- 
erative mechanical ventilation is available for two 
patients. Supplementary oxygen is not administered 
during transport from the operating theatre to the 
recovery room. In the recovery room supplementary 
oxygen is administered by nasal cannula to all 
patients during the initial postoperative period. The 
minimum duration of stay for an individual patient is 
ordered by the responsible anaesthetist at the time of 
arrival. 

Routine pulse oximetry monitoring had been 
established 4 yr previously. A Criticare 504 pulse 
oximeter with system software version 3.1 (Criticare 
Systems, Inc., Waukesha,WI, USA) was used for 
monitoring Spo,. This monitor shows a plethysmo- 
graphic waveform and does not apply autoscaling. 
Signal averaging has a default value of 12 s. Monitor- 
ing started immediately after arrival of the patient 
and was continued until the time of discharge. The 
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probe of the pulse oximeter was applied to a finger of 
the hand opposite to the arterial pressure cuff. The 
Spo, lower alarm limit used at the start of monitoring 
was 90%. This level was the default lower alarm limit 
on all oximeters for the past 4 yr. It was chosen to 
reflect a threshold that would undisputedly suggest a 
need for therapy. A loud audible alarm sounds when 
SPo, decreases below the lower alarm limit or when 
the pulse oximeter is unable to measure Spo, because 
of a low signal-to-noise ratio or disconnection of the 
probe from the finger. 

Spo, and pulse frequency, together with time, were 
stored every 5 s in the memory of the pulse oximeter. 
At the end of the day, when the last patient had been 
discharged to the ward and personnel had left the 
recovery room, these data were transferred from 
pulse oximeter memory to a persona! computer for 
off-line analysis. 


DATA ANALYSIS 


Individual Spo trend arrays were validated before 
analysis. Episodes with Spo,s 90% were classified as 
either hypoxaemia or artefact. The algorithm used to 
exclude episodes with artefact used the following cri- 
teria: (1) transient outlier: a single datum point (5-s 
resolution) changed more than 4% from the 
surrounding data; (2) low signal-to-noise ratio: loss 
of signal occurred 20 s before until 20 s after the epi- 
sode of low Spo; and (3) decrease in Spo, of more 
then 10% within 5 s. Two arbitrary levels of hypoxae- 
mia were defined and for each patient the cumulative 
duration of hypoxaemia was calculated. Hypoxaemia 
was defined as episodes of Spo,<90% lasting at least 
l min. Severe hypoxaemia was considered to be 
present when Spo, values were at or below 85% for at 
least 1 min. 

In each study phase the following were deter- 
mined: number of patients who were hypoxaemic at 
any moment during pulse oximetry monitoring in the 
recovery room; number of patients who arrived 
hypoxaemic in the recovery room; and number of 
hypoxaemic patients, after excluding data recorded 
during the first 3 min of monitoring in the recovery 
room. 


STATISTICAL ANALYSIS 


Data are presented as counts and percentiles. Differ- 
ences between phases were analysed using chi-square 
and Kruskal-Wallis tests. P<0.05 was considered sig- 
nificant. Group size was calculated to achieve 85% 
power to detect a 50% decrease in the incidence of 
hypoxaemia. The incidence of hypoxaemia during 
phase 2 was expressed as relative risk to phase 1. The 
confidence interval for relative risk was calculated 
using the Mantel-Haenszel chi-square statistic. 


Results 


Patient data, anaesthesia data and duration of 
postoperative monitoring are shown in table 1. 
Median duration of stay in the recovery room in 
phase 2 was 6 min longer (P<0.01). 

The audible Spo, alarm was triggered 766 times 
during phase 1 (mean 2.1 times per hour of monitor- 
ing), 411 times during phase 2 (1.2 per hour) and 
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Table 1 Patient data, anaesthesia data and postoperative care. 
**P < 0.01 compared with phase 1, ++}P < 0.01 compared with 
phase 2 





Phase 1 Phase 2 Phase 3 
(n=450) (n=450) = (n=450) 
Median age (range) (yr) 42 (0-88) 43 (0-91) 42 (0-90) 
Sex (M/F) 220/230 222/228 215/235 
General anaesthesia (n) 385 391 395 
General + regional 
anaesthesia (71) 21 19 16 
Regional anaesthesia (n) 44 40 39 
Median duration of 
anaesthesia (10th—90th 44 46 46 
percentiles) (min) (10-91) (10-90) (9-92) 
Median duration of 
monitoring (10th—90th 37 43** 394+ 
(14-96) (18-108) (14-108) 


percentiles) (min) 


588 times during phase 3 (1.5 per hour). In 53% of 
patients, the Spo, signal was lost transiently at some 
time during monitoring. There were no differences in 
the incidence or duration of “no signal conditions” 
(median duration 40 s) between the three phases of 
the study. The incidence of artefacts was reduced in 
phase 2 (table 2). 

Table 2 shows the number of hypoxaemic patients 
in each phase. In phase l, 17.8% of patients 
experienced hypoxaemia. During phase 2 it de- 
creased to 11.6% (relative risk (RR) 0.65, 95% con- 
fidence interval (CI) 0.47-0.90; P<0.01). More 
severe hypoxaemia (Spo, < 85%) was noted at some 
time in 7.8% of patients during phase 1; in phase 2 it 
decreased to 3.3% (RR 0.43, CI 0.24-0.76; P<0.01). 
The reduction in postoperative hypoxaemia during 
phase 2 was not persistent: the incidence of hypoxae- 
mia in phase 3 was not significantly different from 
phase 1. The number of patients who arrived hypox- 
aemic in the recovery room was less in phase 2 com- 
pared with phase 1. When data recorded during the 
first 3 min of monitoring were excluded from analy- 
sis, the reduction in hypoxaemia in phase 2 com- 
pared with phase 1 remained. 

Median duration of hypoxaemia was not different 
between the three study groups. However, the 90th 


Table 2 Incidence of hypoxaemia and artefacts for two thresholds (Spo, = 90%, Spo, 
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Figure 1 Cumulative duration of hypoxsemia for two thresholds 
Spo,s90% and Spo,<85%) during the three study phases. 
Median duration of hypoxaemia was not different between study 
phases, but the number of patients who were hypoxaemic for 
more than 5 min was reduced in phase 2. Box plots show 
medians (horizontal line in box), 25th and 75th percentiles 
(lower and upper box margins) and 90th percentiles (upper error 
bar). Open circles=individual patients in the upper 10th 
percentile. The y-axis has a logarithmic scale in minutes. Below 
the boxes the absolute numbers of hypoxaemic patients in each 
study phase are given. 


percentile of the duration of severe hypoxaemia was 
19 min in phase 1, 3.5 min in phase 2 and 21 min 
phase 3 (fig. 1). Severe hypoxaemia lasting more than 
5 min occurred in 13 patients during phase 1 
compared with in one patient during phase 2, and in 
six patients during phase 3 (RR 0.08, CI 0.02-0.36; 
P<0.01). 


Discussion 

We have found that an explicit instruction to 
maintain Spo,>90%, combined with the knowledge 
of being studied, may reduce the incidence of 
postoperative hypoxaemia by as much as 50%. The 
recurrence of hypoxaemia 4 months after interven- 
tion further supports the hypothesis that motiva- 
tional factors of care providers is an important deter- 
minant of the incidence of postoperative 


s 85%). Only episodes lasting 260 s were included 


in the calculations (absolute number of patients (%)). **P < 0.01 compared with phase 1, tP < 0.05 compared with phase 2. Relative risk 


= phase 2 to phase 1 (95% confidence interval (CI)) 





Phase 1 Phase 2 Phase 3 Relative risk 
(n=450) (n=450) (n=450) (CI) 
Hypoxaemia (Spo, =< 90%) 
Total No. of bypoxaemic patients (%) 80 (17.8) 52 (11.6)** 67 (14.9) 0.65 (0.47-0.90) 
No. of hypoxaemic patients at arrival in the recovery room 
(%) 14 (3.1) 2 (0.4)** 10 (2.2)F 0.14 (0.04-0.49) 
No. of hypoxaemic patients after exclusion of the the first 
3 min of monitoring 74 (16.4) 46 (10.2)** 61 (13.6) 0.62 (0.44-0.87) 
Severe hypoxaemia (Spo, < 85%) 
Total No. of hypoxaemic patients (%) 35 (7.8) 15 (3.3)** 26 (5.8) 0.43 (0.24-0.76) 
No. of hypoxaemic patients at arrival in the recovery room 
(%) 2 (0.4) 1 (0.2) 2 (0.4) 0.50 (0.05-5.20) 
No. of hypoxaemic patients after exclusion of the the first 
3 min of monitoring 34 (7.6) 14 (3.1)** 24 (5.3) 0.41 (0.23-0.74) 
Artefacts 
Po <90% 67 (14.9) 33 (7.3)** 50 (11.1) 0.49 (0.34-0.72) 
Spo, < 85% 36 (8.0) 17 (3.8)** 25 (5.6) 0.47 (0.27-0.82) 
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hypoxaemia. With this sample size the study lacked 
sufficient statistical power to determine if some 
residual effect of the intervention was present in 
phase 3, and it is possible that a larger study popula- 
tion might have shown such an effect. However, a 
larger study population would have required a longer 
data collection period, during which time changes in 
recovery room personnel could not be avoided. 

Subjects who are aware of being studied behave 
differently, and usually performance increases (Haw- 
thorne effect). In several studies on the incidence of 
postoperative hypoxaemia, the investigators used 
bedside observers to record the actions of personnel 
and to verify that a valid pulse oximeter signal was 
present’*’. However, the presence of an observer 
might introduce a Hawthorne effect and the 
possibility exists that studies involving direct obser- 
vation of personnel do not reflect the actual situation 
during routine postoperative care. The aim of the 
pre-intervention phase was to document existing 
practices. Therefore, anaesthetists and nurses were 
not informed that pulse oximetry data were collected 
and no observers were present to document patient 
care. Although this study design precluded matching 
of pulse oximetry data from individual patients with 
specific therapeutic interventions, the absence of 
observers made it possible to document real practice 
and to introduce a positive study bias during the 
intervention. No specific instructions regarding 
particular methods to prevent or treat hypoxaemia 
were given. In this way we tried to ensure that any 
change in the incidence of hypoxaemia was the result 
of an action initiated by an individual anaesthetist or 
nurse, for example administration of reversal drugs 
or stimulation of the patient, rather than adherence 
to a specific set of changed postoperative guidelines. 

The positive study bias introduced during phase 2 
not only influenced postoperative care, but also altered 
intraoperative care. Anaesthetists were aware of the 
ongoing data collection and there was a substantial 
reduction in the incidence of hypoxaemia on arrival in 
the recovery room. Anaesthetists may have modified 
their anaesthetic technique, for example they may have 
administered a lower dose of opioid which may 
decrease the incidence of postoperative respiratory 
depression. Another possible explanation for the reduc- 
tion in hypoxaemia on arrival might be delayed 
transport from the operating theatre to the recovery 
room, with treatment of early hypoxaemia in the oper- 
ating room rather than in the recovery room. The 
occurrence of hypoxaemia during transport from the 
operating to the recovery room has been reported pre- 
viously’. The results of this study showed that increased 
motivation to prevent hypoxaemia reduced the inci- 
dence of hypoxaemia during transportation from 3% to 
less than 1%. 

When the contribution of hypoxaemia on arrival in 
the recovery room is included in the calculation of 
the incidence of hypoxaemia during the entire recov- 
ery period, it could obscure the possible influence of 
actions initiated by recovery room nurses. Therefore, 
we have recalculated the incidence of hypoxaemia 
after excluding data from the first 3 min after arrival. 
During these 3 min the effect of supplementary oxy- 
gen or stimulation of the patient on Spo,, or both, 
would be expected to become apparent. The 
reduction in hypoxaemia remained after exclusion of 
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data recorded during the first minutes after arrival, 
suggesting that both anaesthetists and nurses con- 
tributed to the decreased incidence of hypoxaemia. 

When pulse oximeter data are not validated by 
verifying the presence of a plethysmographic signal of 
sufficient quality, the incidence of hypoxaemia is 
overestimated because of inclusion of episodes with 
erroneously low Spo, values. In one study 9% of 
pulse oximetry data obtained during emergence from 
anaesthesia appeared to be invalid’. In other studies, 
up to 75% of low Spo, episodes during postoperative 
care in the recovery room and ICU were false’ 6. In 
this study, we used computer analysis of the 
individual trend data arrays in an attempt to 
eliminate artefacts. Extra attention to correct appli- 
cation of the finger probe or successful reduction in 
patient movement in phase 2 decreased the inci- 
dence of artefacts by 50%. None the less, the 
possibility remains that part of the reduction in 
hypoxaemia during phase 2 may be attributed to a 
decrease in the number of non-rejected artefacts; 
however, if application of the artefact algorithms 
before analysis of hypoxaemia would be insufficient 
to eliminate all artefacts (and a large number of arte- 
facts remained), the result would be to dilute the 
apparent effect of the intervention. Most Spo, 
artefacts in the recovery room are of short duration, 
and are ignored when a minimum duration criterion 
is in effect. Pan and Gravenstein found that 
excluding discrepant data less than 12 s decreased 
the frequency of artefacts by 63% and less than 30 s 
by 93%". In this study we chose to exclude low Spo, 
episodes lasting less than 60 s in order to reduce the 
influence of artefacts and to focus attention on clini- 
cally more relevant episodes of hypoxaemia. 

When used as a physiological monitor, the pulse 
oximeter should direct the attention of personnel to 
patients who are at risk for prolonged hypoxaemia. 
Severe hypoxaemia lasting more than 5 min occurred 
significantly less often during phase 2, suggesting 
that patients who were at risk for prolonged severe 
hypoxaemia gained specifically from the increased 
attention to early recognition and treatment of 
hypoxaemia. We can only speculate why pulse 
oximetry monitoring did not always result in timely 
interventions to prevent prolonged hypoxaemia dur- 
ing phase 1. Pulse oximetry has often been 
introduced in the recovery room without clear guide- 
lines on the type of interventions that are required 
when low Spo, values are present. The frequent 
occurrence of low Spo, values without a direct nega- 
tive effect on patient outcome may have resulted in 
complacency. A second explanation might be that 
some of the low Spo, values that reflect true 
hypoxaemia are incorrectly interpreted as artefact. 
This study cannot differentiate between the relative 
contribution of the Hawthorne effect and the impact 
of the explicit instruction to prevent desaturation. 
However, in several studies that have shown a reduc- 
tion in postoperative hypoxaemia by pulse oximetry, 
personnel were observed continuously and motivated 
explicitly to reduce hypoxaemia’’. 

In conclusion, the results of this study suggest that 
motivation of care providers to prevent and treat low 
Spo, values is an important determinant of the inci- 
dence of postoperative hypoxaemia in the recovery 
room. 
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Extradural clonidine combined with sufentanil and 0.0625% 


bupivacaine for analgesia in labour 


D. CHASSARD, L. MATHON, F. DALLER, F. GOLFER, J. P. TOURNADRE AND P. BOULETREAU 


Summary 

We have studied the use of clonidine combined 
with low doses of sufentanil and bupivacaine in 
45 parturients requiring extradural analgesia for 
the first stage of labour, in a double-blind, rand- 
omized study. We gave 0.0625% bupivacaine 10 
ml containing 1:200 000 adrenaline and sufen- 
tanil 10 pg (1 mi) to which was added 0.9% 
saline, or clonidine 100 or 150 ug (1 mi). We 
compared the quality (VAS scores) and duration 
of analgesia, motor block, maternal haemody- 
namic state (mean arterial pressure and heart 
rate) and fetal and maternal side effects. Mean 
duration of anaesthesia was prolonged slightly: 
105 (sp 21) min without clonidine, 130 (26) min 
with clonidine 100 ug (P<0.05 vs control) and 144 
(40) min with clonidine 150 ug (P<0.01 vs control, 
ns vs 100 yg). There were no differences in VAS 
scores, onset times, heart rate, ventilatory 
frequency, motor block, sedation, pruritus or 
bradycardia between the groups. Analgesia was 
associated with a reduction in mean arterial 
pressure with clonidine. However, these adverse 
side effects were of minor clinical importance 
regardless of the extradural clonidine dose, 
except for a high incidence of fetal heart tracing 
abnormalities when clonidine 150 ug was used. 
These effects associated with a limited effect on 
analgesia may curtail the widespread use of clo- 
nidine as an adjunct to extradural 0.0625% bupi- 
vacaine with sufentanil 10 ug during labour. (Br. 
J, Anaesth. 1996;77:458-462) 
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Opioids are commonly combined with local anaes- 
thetics to enhance extradural anaesthesia during 
labour . Extradural clonidine, an alpha, adrenergic 
receptor agonist, produces analgesia without the 
motor block associated with high doses or concentra- 
tions of local anaesthetics? or side effects such as 
nausea, pruritus and risk of respiratory depression 
associated with the opioids’. Therefore, a combina- 
tion of clonidine and opioids may be an attractive 
alternative for analgesia in labour but to date there 
have been no studies designed to assess the safety 
and efficacy of clonidine combined with low concen- 


trations (<0.125%) of local anaesthetic during anal- 
gesia in labour. 

The aim of this study was to evaluate the maternal, 
fetal and neonatal effects of clonidine 100 or 150 ug 
administered extradurally in combination with 
0.0625% bupivacaine and adrenaline 1:200 000 with 
sufentanil 10 ug during the first stage of labour. 


Patients and methods 


The study was approved by the hospital Ethics 
Committee. After obtaining written consent, we 
studied 45 women, ASA I or II, with a singleton ver- 
tex pregnancy of at least 37 weeks’ gestation, who 
requested extradural analgesia in labéur. A sample 
size calculation was performed using the Instat com- 
puter software package (GraphPad Instat, San 
Diego, CA, USA). Power analysis showed that a 
sample size of 15 patients per treatment group 
should provide 95% power (assuming a=0.05) to 
detect a 30-min difference (sp) in duration of analge- 
sia. 

All patients had uncomplicated pregnancies and 
normal fetal heart tracings. We excluded patients 
receiving antihypertensive drugs, those with baseline 
heart rates <55 beat min’ and patients who had 
already received opioid analgesia during this labour. 

Each parturient received i.v. infusion of Ringer’s 
lactate 500 ml over 10 min before induction of extra- 
dural anaesthesia and was positioned in the sitting 
position. The extradural space was cannulated at 
L2-3 or L3-4 using loss of resistance to saline (5 ml) 
and 3 cm of catheter was left in place. The parturient 
was then repositioned to lie with a left lateral tilt. 

A double-blind, randomized study design was 
used. Parturients were allocated randomly according 
to a list of random numbers into three groups (sealed 
opaque envelopes). All injectates were prepared by 
an anaesthetist not involved in data collection. 

Each syringe of coded study solution was prepared 
freshly. Each parturient received a test dose of 2% 
lignocaine 2 ml with 1:200 000 adrenaline. Five min- 
utes later, each received a 12 ml solution comprising 
0.0625% bupivacaine 10 ml with sufentanil 10 pg (1 
mil) to which was added clonidine 100 ug, clonidine 
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150 pg or 0.9% saline (1 ml). Bupivacaine 0.0625% 
solutions were prepared by diluting 0.25% solutions, 
without preservatives, with 0.9% saline and adrena- 
line was then added (1:200 000). Arterial pressure 
and heart rate were monitored with a non-invasive 
monitor (Cardiocap Il, Datex, Helsinki) 5, 10, 20, 
30, 40, 60, 80, 100 and 120 min after extradural 
injection, and then every 20 min until the need for an 
additional extradural anaesthetic injection. When 
additional analgesia was requested, the study was 
terminated. Subsequent top-up doses were not 
standardized, allowing the anaesthetist to use either 
0.0625% or 0.125% bupivacaine as necessary. 

Motor block (modified Bromage score’: 0=ability 
to move hips, ankles and knees; 1=inability to raise 
extended leg; 2=inability to flex knee; and 3=inability 
to flex ankle, foot or knee), sedation (1=wide awake, 
2=dozing, 3=asleep, 4=unrousable), cephalic derma- 
tomal level of anaesthesia (cold test), ventilatory fre- 
quency and oxyhaemoglobin saturation (pulse oxi- 
meter, Cardiocap Il, Datex, Helsinki) were recorded 
at the same times. Basal values were those obtained 
immediately before extradural injection. 

Pain was assessed on a linear visual analogue scale 
(VAS). Each patient was presented with a line 100 
mm long and was told that the left end represented 
no pain and the right end the worst pain imaginable. 
They were asked to make a mark on the line to indi- 
cate the intensity of pain at the peak of a contraction. 
Patients could request additional analgesia (0.25% 
bupivacaine via the extradural catheter) if pain relief 
was unsatisfactory by 15 min after injection of the 
study drug. At the end of the study, both the patient 
and nurse made an overall global rating of the treat- 
ment (poor, fair, good, very good, excellent). 

The time from administration of study drug to 
request for additional analgesia was noted (duration 
of analgesia). Side effects such as pruritus, nausea 
and vomiting were recorded at completion of the 
study. Bradycardia was defined as the occurrence of a 
maternal heart rate >60 beat min” and treated with 
atropine i.v. Hypotension, defined as a decrease in 
systolic arterial pressure of at least 20% or a systolic 
arterial pressure <100 mm Hg, was treated with 1.v. 
ephedrine as necessary. 

Continuous electronic cardiotocograph monitor- 
ing using an external transducer was used for all 
patients throughout labour (Hewlett Packard 80034 
A). Tracings were analysed by an obstetrician who 
was unaware of which solution was being adminis- 
tered (F. G.). Analysis compared tracings obtained 
30 min before extradural injection with those 
recorded during analgesia. Changes in baseline fetal 
heart rate (FHR) (during the interval between 
uterine contractions), long-term variability (normal 
pattern >5 beat min”) and number of tracings with 
accelerations, early and late decelerations were 
noted. Variable decelerations were ranked on a scale 
using the method described by Klavan, Laver and 
Boscola® (mild=decelerations whose nadir >80 beat 
min’; moderate=nadir <70 beat min“, duration 
between 30 and:60 s or nadir between 70 and 80 beat 
min’ and duration >60 s; severe=nadir <70 beat 
min", duration >60 s). 

Mode of delivery and Apgar scores at 1 and 5 min 
were recorded. All neonates were examined (general 
and neurological examinations) 2 h after delivery by 
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a paediatrician who was unaware of patient group 
assignment. 


STATISTICAL METHODS 


For all calculations, the Instat computer software 
package (GraphPad Instat, San Diego, CA, USA) 
and Solo statistical software (BMDP, Los Angeles, 
CA, USA) were used. Intragroup comparisons for 
continuous variables and VAS scores were performed 
by analysis of variance (ANOVA) for repeated meas- 
ures, followed by post hoc tests for comparison with 
baseline (Student-Newman-—Keuls multiple com- 
parison test). Significance of differences between 
groups was tested by analysis of variance for repeated 
measures (ANOVA). The Mann-Whitney U test was 
also used for comparison between groups when nec- 
essary (loss of subjects in group A after 100 min).To 
compare the duration of analgesia we used product 
limit survival analysis (Kaplan-Meier analysis) fol- 
lowed by Wilcoxon’ s test. Where appropriate, Fish- 
er’s exact test was performed. Results are expressed 
as mean (SD). 


Results 


The groups were comparable in age, weight at term, 
weeks of pregnancy, parity, VAS pain scores and 
stage of cervical dilatation at the time of entry into 
the study (table 1). All patients enrolled in the study 
were included in data analysis. 

Onset times for analgesia did not differ between 
groups: 6 (2), 6 (2) and 7 (3) min, respectively, for 
the control and clonidine 100 ug and 150 ug groups. 
Mean duration of anaesthesia was 105 (21) min 
(range 70-140 min) for patients who did not receive 
clonidine, and 130 (26) min (range 100-185 min) 
(P<0.05 vs control) and 144 (40) min (range 
100-230 min; P<0.01 vs control, ns vs clonidine 100 
ug) for patients who received clonidine 100 pg and 
150 pg, respectively. The percentage of patients not 
requesting additional analgesia was greater in the 
bupivacaine—clonidine 150 ug than in the other 


Table 1 Patient data and details of labour (mean (sp or range) or 
number of patients) 


Control Clonidine Clonidine 
group 100 ug 150 pe 
(m=15) (n=15) (m=15) 
Age (yr) 28 (21-38) 25 (20-31) 26 (20-37) 
Weight at term (kg) 73 (11) 72 (13) 69 (8) 
Height (cm) 164 (6) 165 (5) 163 (5) 
Parity (n) 
0 10 11 9 
1 5 4 6 
Cervical dilatation at 
time of study drug 
(cm) 3.4 (0.9) 3.2 (0.9) 3.2 (0.9) 
VAS pain score at 
time of study drug 6.14 (1.83) 6.53 (2.02) 6.83 (1.97) 
Gestation (weeks) 39 (1.6) 39 (1) 39 (1.5) 
Sensory level at 5 
min (median 
(range)) T10 (6-12) T10(9-12) T10 (6-12) 
Spontaneous delivery 13 11 12 
Instrumental delivery 2 2 1 
Caesarean section 0 2 2 
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Figure 1 Percentage of patients not requesting additional 
analgesia after extradural injection of 0.0625% bupivacaine and 
sufentanil with saline (control) or clonidine 100 pg or 150 ug 
(50th percentiles for the three groups were: 100 min for the 
control group, 120 min for the clonidine 100 pg group and 127 
min for the clonidine 150 ug group). 


groups when analysed by Kaplan—Meier survival 
analysis followed by Wilcoxon’s test (fig.1). No 
patient failed to achieve analgesia throughout the 
study in both groups. Mean VAS scores decreased 
significantly within 5 min after administration of 
drug. By 80 min, although both clonidine groups had 
lower pain scores than the control group, this was not 
statistically significant until 100 min (table 2). At 100 
and 120 min, pain scores between groups 100 and 
150 pg were not significantly different. Overall, the 
degree of maternal and nurse satisfaction was high in 
all groups. 

Maternal heart rates were comparable in all three 
groups before administration of the study drug: 85 
(14) beat min” for the control group, 82 (12) beat 
min" for the clonidine 100 pg group and 86 (11) beat 
min” for the clonidine 150 pg group. Atropine was 
administered for bradycardia in one patient in the 
clonidine 150 pg group. 

Mean arterial pressure (MAP) was comparable in 
all groups at baseline: 87 (10), 90 (13) and 89 (10) 
mm Hg, respectively. From baseline to time 120 min, 
there were no significant changes in MAP in the con- 
trol group, whereas it decreased significantly at 20 
min in the clonidine 100 pg group (82 (14) mm Hg; 
P<0.05) (fig. 2). From 20 to 140 min this decrease 
remained significant, being highly significant at 40 
min (79 (8) mm Hg; P<0.001). In the clonidine 150 
ug group, MAP decreased more rapidly (at 5 min: 83 
(6) mm Hg; P<0.05) and was highly significant at 20 
min (73 (8) mm Hg; P<0.001). In all three groups, 
MAP was not different over the first 20 min (fig. 2). 
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Control 5 10 20 30 40 60 80 100 
Time after administration (min) 
Figure 2 Mean arterial pressure (MAP) before (Control) and 
after extradural injection of 0.0625% bupivacaine and sufentanil 
with saline (W), clonidine 100 pg (O) or clonidine 150 pg (V) . 
*P<0.05 clonidine 150 ug us control group; ¢P<0.05 clonidine 
100 ug vs control group. 


One patient in the control group, two in the clonidine 
100 ug group and one in the clonidine 150 ug group 
needed ephedrine for transient hypotension (ns). 
There was no change in Spo, at any time. Basal 
ventilatory frequency was comparable between 
groups and no significant change was noted through- 
out the study in the control and clonidine 100 ug 
group. In the clonidine 150 pg group, there was a sig- 
nificant decrease in ventilatory frequency in the first 
80 min: 17 (5) bpm at 40 min ws 21 (3) bpm at base- 
line (P<0.01). However, inter-group comparisons 
showed no significant differences over the first 100 
min. 
In the control group, no patient had a Bromage 
score exceeding 1. Only one patient in each of the 
clonidine groups had a score of 2; no patient had 
Bromage score 3. Sedation scores were comparable 
between groups. No patient in the control group, one 
in the clonidine 100 pg group and two in the 
clonidine 150 pg group had a sedation score of 3. 
Differences in FHR patterns were noted between 
groups. A decrease in long-term variability (P<0.04) 
and bradycardia (FHR <120 beat min”) were more 
usual in the clonidine 150 pg group (P<0.02). The 
numbers of tracings with variable (P<0.01) and late 
decelerations (P<0.04) were significantly more fre- 
quent in the clonidine 150 ug group, while early 
decelerations were more frequent in the clonidine 
100 pg group. For variable decelerations, five were 
moderate and two mild in the clonidine 150 pg 
group, four mild and one moderate in the clonidine 
100 ug group and three moderate and one mild in the 


Table 2 Mean (sp) VAS pain scores for the three groups. **P<0.01, ***P<0.001 vs control group 








Time (min) 
0 5 10 20 
Control group 6.14 1.6 0.46 0.23 
(n=15) (1.83) (1.76) (1.12) (0.77) 
Clonidine 100 pg 6.53 1.5 0.33 0.23 
(n=15) (2.02) (1.15) (0.89) (0.62) 
Clonidine 150 pg 6.83 1.9 0.8 0.13 
(n=15) (1.97) (2.65) (1.78) (0.51) 





30 40 60 80 100 120 
0.16 0 0 1.27 3.85 

(0.44) (2.10) (2,28) 

0.06 <0.1 <O1 0.16 1.26 2.20 
(0.25) (0.52) (1.79) ** (2.28) 
<0.1 <0.1 <O.1 0.26 0.53 1.83 


(0.79) (0.82)** (2.12) 
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Table 3 Side effects and sedation scores (number of patients). 
Sedation scores were those recorded 80 min after extradural 
injection 











Control group Clonidine Clonidine 
(n=15) 100 pg (n=15) 150 ug (n=15) 
Pruritus 0 1 0 
Nausea 0 1 1 
Patients 
requiring 
ephedrine 1 2 1 
Patients 
requiring 
atropine 0 0 1 
Sedation score 
1 (awake) 0 0 0 
Sedation score 
2(dozing) 15 14 13 
Sedation score 
3 (asleep) 0 1 2 


control group. However, no deceleration was classi- 
fied as severe or needed emergency treatment. 

The incidence of side effects was low (table 3). 
Thirteen patients in the control group had spontane- 
ous vaginal delivery compared with 11 in the 
clonidine 100 pg group and 12 in the clonidine 150 
ug group (table 1). Neonatal Apgar scores at 1 and 5 
min did not differ between groups and neurological 
assessments were normal for all babies at 2 h. 


Discussion 


Local anaesthetics given extradurally are used widely 
for analgesia in labour. Fentanyl’ ê and sufentanil’ are 
frequently added to local anaesthetic solutions to 
potentiate their analgesic effects, allowing a reduced 
local anaesthetic concentration with less motor 
block”, However, the risk of delayed respiratory 
depression, pruritus and vomiting limits the use of 
opioids during labour‘. These adverse effects have 
stimulated the search for alternative drugs”? or meth- 
ods“ to provide analgesia during labour. We specu- 
lated that extradural clonidine, an alpha, agonist, 
might provide effective analgesia when combined 
with sufentanil and low-dose bupivacaine. Extradur- 
ally administered clonidine may be ideally suited for 
obstetric use because it does not interfere with prop- 
rioception and does not induce motor block or respi- 
ratory depression” $. 

After extradural administration, clonidine 300 pg 
alone has been demonstrated to have no effect on 
fetal physiological indices in sheep”. Few studies 
have assessed the combination of clonidine and local 
anaesthetics in humans during labour. Brichant and 
colleagues found that clonidine 75 pg was the 
optimal dose to add to 10 ml of 0.125% bupivacaine, 
providing a duration of analgesia of 110 min”. Com- 
pared with 0.125% bupivacaine alone, clonidine 120 
ug combined with 0.125% bupivacaine increased the 
mean duration of analgesia from 53 to 110 min; 
analgesia was unsatisfactory in 15% of the clonidine- 
bupivacaine group compared with 59% in the 
bupivacaine group”. In contrast, a low dose of extra- 
dural clonidine (less than 30 pg) failed to increase the 
duration of analgesia of a sufentanil 10 pg—0.125% 
bupivacaine mixture? or of 0.125% bupivacaine 
alone”, while Celleno and colleagues” showed 
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considerably prolonged analgesia when clonidine 75 
ug was added to fentanyl 100 ug-0.125% bupi- 
vacaine (177 vs 89 min). The mean duration of anal- 
gesia obtained in our study was approximately 
130-140 min, longer than that observed with 
0.125% bupivacaine and clonidine alone”. Our 
results showed that clonidine 100 and 150 pg with a 
sufentanil 10 pg—-0.0625% bupivacaine—adrenaline 
solution significantly improved the duration of anal- 
gesia in the first stage of labour. 

Analgesia in the control group was satisfactory 
without any significant change in MAP. Addition of 
clonidine 100 or 150 ug prolonged analgesia but 
caused significant haemodynamic changes. Com- 
parisons between groups showed that this decrease 
was more important in the clonidine 150 pg group 
than in the clonidine 100 ug group. Extradural cloni- 
dine 700 pg alone decreased arterial pressure and 
heart rate in volunteers” while minor changes in 
haemodynamic state were reported with extradural 
clonidine during pregnancy in a sheep model’. Doses 
of clonidine 30—150 pg did not alter haemodynamic 
state when combined with 0.125% bupivacaine dur- 
ing labour” " and the addition of sufentanil 10 ug” or 
fentanyl 50 pg” to clonidine GO and 75 ug, 
respectively)—0.125% bupivacaine mixtures did not 
increase the need for ephedrine treatment during 
labour. Hypotension during extradural anaesthesia is 
greater after adrenaline—local anaesthetic solutions 
than after free adrenaline solution”. Extradurally 
administered clonidine has a U-shaped dose- 
response for arterial pressure” and may explain the 
decrease in MAP in our study. Although we observed 
a decrease in MAP, the change in MAP was modest 
and the incidence of ephedrine treatment was similar 
in all groups. 

While extradural administration of opioids is asso- 
ciated with respiratory depression‘, extradural cloni- 
dine did not appear to have a marked effect on venti- 
lation. It has been reported that clonidine does not 
potentiate morphine or alfentanil-induced respira- 
tory depression” ”. In this study, although clonidine 
was combined with sufentanil, no episode of desatu- 
ration was noted and ventilatory frequencies did not 
differ between groups. 

An additional side effect of extradural clonidine is 
sedation”. The incidence of sedation was similar 
between groups in our study. Other side effects were 
of minor importance. 

Approximately 20% of normal gravidas develop 
fetal heart rate patterns which place the fetus “at 
risk” during labour. Most frequently, these patterns 
occur as a result of either umbilical, maternal or 
uteroplacental circulatory problems’. FHR abnor- 
malities such as variable or late decelerations, brady- 
cardia or change in baseline variability may occur. In 
this study we found that extradural clonidine, 
particularly clonidine 150 pg, was associated with 
such FHR abnormalities. It is unclear at present if 
these changes were caused by a direct effect of cloni- 
dine on the cardiovascular system of the fetus or an 
effect on oxygen supply. It has been reported that 
extradural clonidine 150 ug induced serum clonidine 
concentrations close to 1 ng ml-1 in postoperative 
patients™. In pregnant sheep, clonidine 1 ng ml” did 
not decrease uterine blood flow” but a direct effect of 
such concentrations on fetal and uterine blood flow 
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has not been evaluated in labouring parturients. In 
contrast, a decrease in long-term variability and 
bradycardia are expected responses after administra- 
tion of tranquillizers, clonidine, opioids and extra- 
dural local anaesthetics” *, In addition, our clinical 
study contrasts with those of Cellano and colleagues 
and O’ Meara and Gin who showed no effect of clo- 
nidine 150 or 120 pg on FHR when given extradur- 
ally . These differences could be attributed to the 
different time course of analgesia for the three groups 
which made intergroup comparisons difficult and to 
an additional effect of sufentanil on FHR. 
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Antiemetic effect of subhypnotic doses of propofol after thyroidectomyt+ 


P. EWALENKO, S. JANNY, M. DEJONCKHEERE, G. ANDRY AND C. WYNS 


Summary 

Postoperative nausea and vomiting (PONV) are 
unpleasant, often underestimated side effects of 
anaesthesia and surgery, not devoid of medical 
complications. Prevention with antiemetics is 
only partially effective. Propofol! has been shown 
recently to possess antiemetic properties in sev- 
eral situations. In this prospective, randomized, 
controlled trial, we have compared the anti- 
emetic efficacy of subhypnotic doses of propo- 
fol, with Intralipid as placebo, after thyroidec- 
tomy. We studied 64 patients of both sexes, 
aged 22-71 yr, ASA I or Il, undergoing thyroidec- 
tomy. After premedication with a benzodi- 
azepine, balanced anaesthesia was produced 
with isoflurane and nitrous oxide in oxygen, and 
supplementary analgesia with fentanyl i.v. as 
required. Postoperative analgesia was provided 
with non-opioids, and piritramide 0.25 mg kg“ 
im. on demand. Patients were allocated ran- 
domly and blindly to receive a 20-h infusion of 
either propofol or 10% Intralipid 0.1 ml kgt h^. 
Intralipid, the excipient of propofol, was chosen 
as placebo as it is devoid of antiemetic effects. 
Sedation scores, respiratory and cardiovascular 
variables, and incidence of PONV were assessed 
every 4h for 24 h. Pulse oximetry and ECG were 
monitored continuously. Both groups were com- 
parable in characteristics, surgical and anaesthe- 
sia procedures, amount of opioids given during 
and after operation, and total amount of the 
study drug infused after operation. Occurrence 
of PONV was similar before the start (propofol 
41%, Intralipid 50%) and after completion (pro- 
pofol 0.64%, Intralipid 1.6%) of infusion and 
decreased with time in both groups during the 
infusion. However, symptoms were reduced to 
nil with propofol but persisted and were more 
severe with Intralipid during infusion (Ps0.01). 
The overall incidence of PONV during infusion 
was 10% (three of 32 patients) in the propofol 
group and 65% (21 of 32 patients) in the 
Intralipid group. Cardiovascular and respiratory 
variables, and Spo, were unaltered, and sedation 
decreased similarly with time in both groups. 
We conclude that propofol, given at subhypnotic 
doses, effectively reduced the incidence of 
PONV without untoward sedative or cardiovas- 
cular effects. (Br. J. Anaesth. 1996;77:463-467) 


Key words 


Vomiting, nausea. Vomiting, nausea, anaesthetic factors. 
Anaesthetics i.v., propofol. Surgery, thyroidectomy. 


Postoperative nausea and vomiting (PONV) are 
common, often neglected side effects of surgery. 
Their incidence has been estimated, in multicentre 
studies, to be as high as 40-60%', Apart from the 
distressing inconvenience, the muscular efforts ac- 
companying these symptoms may contribute to 
medical complications such as aspiration pneumo- 
nia, wound dehiscence, bleeding and even wound 
infection’. Thyroidectomy is associated with a high 
rate of PONV and prevention with antiemetics such 
as metoclopramide or alizapride reduces their 
frequency from 60% to only approximately 40%’. 

Propofol has been associated with a reduced rate 
of PONV when used as a continuous infusion to pro- 
vide anaesthesia**. This advantage is limited to the 
early postoperative period, up to 6 h after completion 
of surgery’. In contrast, propofol has been used suc- 
cessfully at subhypnotic doses (0.5~1 mg kg™ h’) for 
the prevention and treatment of chemotherapy- 
induced emesis" and after surgery” ”. 

We have evaluated, in a randomized, prospective 
study, the antiemetic properties of propofol infused 
continuously at subhypnotic doses compared with a 
placebo, in thyroidectomized patients. Intralipid 10% 
was chosen as placebo as, being the excipient of pro- 
pofol, it is indistinguishable from the drug and has 
proved to be devoid of antiemetic and emetogenic 
effects". 


Patients and methods 


After obtaining institutional approval from the Ethics 
Committee, we studied 66 patients of both sexes, 
ASA I-I, aged 22-71 yr, undergoing thyroidectomy. 
Patients with allergy or intolerance to any of the 
products to be used during or after operation, or 
those receiving neuroleptics, were excluded. All 
patients gave informed consent before participation 
and were allocated randomly to receive either propo- 
fol or placebo after operation. 
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The anaesthetic procedure was the same for all 
patients. Premedication comprised midazolam i.m., 
30 min before induction of anaesthesia. Oral 
diazepam, 60 min before induction, was given to a 
few patients reluctant to have an injection. In the 
operating theatre, patients received an i.v. balanced 
electrolytic solution (Plasmalyte, Travenol, Baxter) 
via a peripheral vein and standard monitoring was 
commenced (ECG lead I, heart rate, automatic 
arterial pressure, pulse oximetry). Anaesthesia was 
induced with fentanyl 2 ug kg” i.v. and thiopentone 
3-5 mg kg" iv. A single dose of atracurium 0.4-0.5 
mg kg" was used to facilitate tracheal intubation and 
neuromuscular block was not used thereafter. After 
tracheal intubation with a cuffed armoured tube, 
anaesthesia was maintained with 0.5-2% isoflurane 
and 60-70% nitrous oxide in oxygen administered 
via a respirator. Ventilatory variables and respiratory 
gases were monitored conventionally. Supplementary 
analgesia during surgery was provided with boluses 
of fentanyl 50-100 ug i.v. 

At the end of operation, after tracheal extubation, 
patients were transferred to the surgical intensive 
care unit for 24 h. Postoperative monitoring was 
standard and comprised ECG, pulse oximetry and 
regular assessment of conscious status, arterial pres- 
sure, ventilatory frequency and fluid balance. Anal- 
gesia consisted of intra-rectal administration of 
indomethacin 100 mg twice daily or propacetamol 1g 
i.v. every 4 h, or both. If inadequate, additional doses 
of piritramide (Dipidolor, Janssen Pharmaceutica) 
0.1-0.25 mg kg" i.m. were given at the request of the 
patient at a maximum frequency of every 4 h. 

When patients were considered sufficiently ori- 
ented by the nursing staff, an infusion of propofol or 
10% Intralipid, prepared and provided according to 
the randomization schedule, was started at a rate of 
0.1 ml kg” h” via a syringe pump. 

Factors contributing to PONV, such as clinical 
status (euthyroidism, hyperthyroidism treated or 
not), previous history of PONV, date of last menses 
for women, duration of anaesthetic and surgical pro- 
cedure, occurrence of hypotension during anaesthe- 
sia (defined as a decrease in systolic arterial pressure 
of more than 20% from baseline), difficulty of 
tracheal intubation (graded as easy, moderately diffi- 
cult, difficult) and administration of opioid analgesia 
were recorded in order to assess the comparability of 
the two groups. 

During the whole infusion period, the incidence 
and severity of PONV and eventual side effects were 
assessed as follows: every 4 h, patients were 
questioned and asked if they had experienced nausea 
and vomiting during the preceding period; in 
addition, any episode occurring outside the observa- 
tion time and not self-reported was taken into 
account and noted. As the observation lasted at least 
24 h, the assessment could not be made by only one 
investigator, but was made by trained nurses and 
controlled subsequently by the chief nurse (C. W.) 
and another investigator, preferentially always the 
same (S. J.). Nausea and vomiting were assessed 
using the score of Bellville’: O=no symptoms; 
l=nausea (subjective unpleasant sensation with 
awareness of urge to vomit); 2=retching (spasmodic 
contractions of abdominal wall and diaphragmatic 
muscles without expulsion of gastric content); 
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3=vomiting (same as (2) but with forceful expulsion 
of gastric contents). Whenever symptoms occurred, 
metoclopramide 10 mg i.v. was given as rescue drug, 
every 4 h if necessary. 

Sedation was evaluated simultaneously using a 
four-point rating scale. A score of 1 (patient fully 
awake) or 2 (patient sleepy, but rousable by verbal 
stimulation) was considered adequate. If the sedation 
score reached 3 (sleepy, not responding to verbal, but 
well to painful stimulation), the infusion rate of the 
study drug was reduced by half and stopped if the 
score was 4 (not rousable, not responding to painful 
stimulation). 

Pain and satisfaction scores were also assessed after 
10 and 20 h of infusion of the study drug, using a 
visual analogue scale (VAS) from 0 (no pain) to 10 
(worst conceivable pain). During the night, if the 
patient was found quietly asleep, he/she was not 
awakened and only monitoring signs were noted. At 
the end of the infusion period, patients were 
observed for an extra 4-h period to assess evolution 
of PONV. 


STATISTICAL ANALYSIS 


Parametric data were submitted to analysis of 
variance. When the F ratio reached statistical signifi- 
cance, a f test (two-sided unpaired Student’s test or 
two-tailed Fisher’s exact test) was applied. Non- 
parametric data were analysed where applicable by 
the chi-square or Wilcoxon rank sum test. Ps0.05 
was considered statistically significant. 


Results 


There were 32 patients in each group. Sex distribu- 
tion, age, weight, height and ASA status were 
comparable. There was no difference in clinical 
status or other preoperative factors predisposing to 
PONV. Duration of anaesthesia and surgery, intuba- 
tion difficulty, hypotensive episodes, and peropera- 
tive use of fentanyl were similar in both groups 
(table 1). 

Patients received the same amount of prepofol or 
Intralipid at the same rate and during the same 
period. Infusion of the study drug was started at the 
same time in both groups (with a median time of 30 


Table 1 Patient data and predisposing factors (mean (SEM or 
range) or number. No significant differences between groups 


Propofol group Intralipid group 


(n=32) (n=32) 

Age (yr) 44 (22-60) 44 (23-71) 
Sex (F/M) 26/6 31/1 
Weight (kg) 67 (13) 67 (11) 
Height (cm) 167 (9) 164 (7) 
ASA status VH 17/15 17/15 
History of PONV (no/yes) 19/8 18/10 
Hypotensive episodes 

(no/yes) 26/3 29/2 
Difficult intubation 

(easy/moderate/difficult) 25/3/2 27/4/0 
Preoperative fentanyl total 

dose (ug) 418 (18) 436 (26) 
Anaesthesia duration (min) 162 (5) 165 (8) 
Surgery duration (min) 122 (5) 123 (8) 
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Table 2 Trial drug infusion data (mean (sem), median (range) or 
number). No significant differences between groups 


Propofol Intralipid 
group group 
Time from extubation until start of 30 35 
infusion (min) (5-270) (10-180) 
Infusion rate (ml kg! h™) 6.8 (0.2) 6.7 (0.2) 
Total amount infused (ml) 130 (4.5) 125 (4.5) 
Rate change (n) (no/half/stopped) 30/2/0 27/5/0 


min in the propofol group and 35 min in the Intrali- 
pid group) after the end of operation. The infusion 
rate was reduced by the nurses twice in the propofol 
group and five times in the Intralipid group (ns) 
because of a sedation score of 2 after 8 h of perfusion 


Table 3 Incidence of symptoms during abservation period 
(number of patients (%)) 


Propofol Intralipid 
group group P 


Before infusion 
No symptoms 19 (59) 16 (50) 
Nausea 3 6 ns 
Retching 1 2 
Vomiting 9 8 
04h 
No symptoms 30 (94) 22 (73) 
Nausea 0 3 0.0134 
Retching 0 0 
Vomiting 2 7 
48h 
No symptoms 31 (97) 19 (59) 
Nausea 1 3 0.0004 
Retching 0 0 
Vomiting 0 9 
8-12h 
No symptoms 32 (100) 25 (78) 
Nausea 0 0 0.0099 
Retching 0 3 
Vomiting 0 3 
12-20h 
No symptoms 32 (100) 28 (88) 
Nausea 0 2 0,037 
Retching 0 0 
Vomiting 0 2 
After infusion 
No symptoms 29 (90) 25 (78) 
Nausea 1 3 ns 
Retching 0 0 
Vomiting 1 2 
No. of emetic episodes during 
observation period (pre-, per- 
and post-infusion) 
1 10 10 
2 4 13 
3 0 1 
4 0 2 
5 0 1 
Total number of patients with 
PONV 
Global 14 (44) 27 (84) < 0.05 
Pre-infusion 13 (41) 16(50) ns 
During infusion 3 (10) 21 (65) <0.01 


After infusion 2 (6) 5 (15) ns 
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Table 4 Concomitant medication (metoclopramide and 
piritramide) (number of patients) 
Propofol group Intralipid group P 
Metoclopramide 
None 21 10 < 0.01 
1 dose 8 12 n8 
(7 pre-infusion) (7 pre-infusion) 
2 doses 1 8 < 0.05 
3 doses 0 1 — 
Piritramide 
None 22 17 ns 
1 dose 8 9 ns 
2 doses 0 2 ns 
3 doses 0 1 ns 


(although this was considered acceptable in the study 
design) (table 2). 

Before the start of infusion of the study drug, 
PONV had occurred in 45% of patients: 13 of 32 
(41%) patients in the propofol group and 16 of 32 
(50%) patients in the Intralipid group (ns). During 
the first period, two patients were still symptomatic 
(one nauseous, one vomiting) in the propofol group 
compared with 10 (three nauseous, seven vomiting) 
in the Intralipid group. One patient was slightly nau- 
seous during the second period, and then the 
incidence decreased to nil in the propofol group dur- 
ing the rest of the infusion. PONV decreased with 
time in the Intralipid group but persisted during the 
whole infusion period. Repeated symptoms were 
more frequent in the Intralipid group. The differ- 
ences were statistically significant throughout infu- 
sion. After cessation of infusion, PONV was observed 
in two (6%) patients (one relapse, one nausea “de 
novo”) in the propofol group, compared with five 
(15%) in the Intralipid group (ms). The overall 
number of patients with PONV during the whole 
observation period in the propofol group was 14 
(44%) and 27 (84%) in the Intralipid group 
(P<0.05). When only the infusion period was 
considered, there was a total of three (10%) sympto- 
matic patients in the propofol group P compared 
with 21 (65%) in the Intralipid group (P<0.01) 
(table 3). 

Slight sedation (sedation score of 2) was observed 
equally in both groups, particularly during the 
immediate postoperative period and decreased with 
time in a similar manner. There was no statistically 
significant difference either in the amount of opioid 
received (table 4) or the degree of sedation (table 5) 
at any time. After 10 h of infusion, the median VAS 
pain score was 0 (range 0-3) in the propofol group 
and 2 (range 0-6) in the Intralipid group; at 20 h the 
values were 0 (0-3) and 1 (0-6), respectively. These 


Table 5 Sedation score (SS) during infusion (number of 
patients). No significant differences between groups 








Propofol Intralipid 

SS=1 SS =2 SS=1 SS =2 
0+h 17 15 18 14 
4-8h 23 9 27 
8-12h 26 6 27 4 
12-20 h 27 5 26 4 
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slight differences were not significant. There were no 
differences between groups in cardiovascular vari- 
ables and Spo, which remained within the normal 
range throughout the 24 h of observation. 


Discussion 


We have found that in thyroidectomized patients, 
PONV was very common, and that propofol, at sub- 
hypnotic doses, was effective in comparison with pla- 
cebo in controlling the incidence, without unwanted 
sedative, respiratory or cardiovascular side effects. 

Different pre- and peroperative factors may 
contribute to PONV and, if not correctly taken into 
account, introduce bias in the interpretation of 
results’ ’*. We found no difference in the preoperative 
state of patients or in their per- and postoperative 
courses. In particular, the amount of opioids used 
before and after operation did not differ between the 
two groups. As our patients represented a very 
homogeneous population, any difference in the 
occurrence of emetic symptoms may reasonably be 
attributed to the study drug. 

We showed previously, in a controlled, randomized 
study, that thyroidectomy was a surgical procedure 
associated with a high incidence of PONV (up to 
60%) when every mild symptom was taken as 
positive. This high incidence is probably related to 
the age range and sex of the patients (mostly middle- 
aged women) and intense peroperative vagal stimula- 
tion (surgical handling of the neck structures). In 
that study, prophylaxis with alizapride, a conven- 
tional antiemetic agent, reduced the incidence to 
only 40% compared with placebo’. In this study, 
45% of patients (29 of 64) had PONV before the 
start of infusion of the study drug. Of the 13 (41%) 
symptomatic patients in the propofol group before 
infusion, only two were still vomiting during the first 
observation period. Only one patient was still slightly 
nauseous during the second observation period and 
then she became totally asymptomatic; however, she 
relapsed after the end of infusion. Otherwise, rapid 
and complete control of PONV was obtained with 
infusion of propofol at a rate of 1 mg kg“ h”. In the 
control group, the overall incidence of PONV was 
84% (51% before infusion and the remainder during 
infusion). This confirms the high incidence of PONV 
after thyroidectomy when no prophylaxis is used. In 
this group, PONV persisted throughout the infusion 
period, although there was a decrease in the 
frequency and severity of symptoms with time. As the 
two groups were comparable for all factors contribut- 
ing to PONV, it may reasonably be concluded that 
the relief of symptoms was related to the antiemetic 
properties of propofol. 

It is usually recommended that an antiemetic be 
given prophylactically before surgery or chemo- 
therapy to improve the efficacy of the drug. As we 
wanted the effect of the drug to be dissociated com- 
pletely from residual sedation caused by narcosis and 
no interference, the drug was given only when 
patients were sufficiently awake (sedation score of 1 
or 2). Even with this less favourable regimen, 
complete response was obtained within less than 2 h 
in 94% of patients (30 of 32) and reached 100% suc- 
cess rate subsequently. 

The mechanisms by which propofol acts as an 
antiemetic are unclear. The mechanisms of vomiting 
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are complex and have been reviewed elsewhere’. Pro- 
pofol is not thought to have vagolytic properties”. 
Borgeat and colleagues suggested that propofol may 
have failed as an antiemetic in patients who had 
undergone laparoscopic gynaecological procedures 
because of uninhibited vagal stimulation’. In our 
study, propofol was completely successful in the 
treatment of emetic symptoms after thyroidectomy, a 
procedure also accompanied by intense surgical 
stimulation of vagal afferents. However, the location 
and nature of this stimulation are not comparable 
with laparoscopy and do not involve irritation or dis- 
tension of gastrointestinal structures that may convey 
chemoception or nociception via other afferents than 
parasympathetic. This suggests that the failure of 
propofol in the study of Borgeat and colleagues may 
not have been related wholly to absence of vagal inhi- 
bition. Other mechanisms for the non-hypnotic 
actions of action of propofol, including its antiemetic 
properties, have been reviewed recently”. A seda- 
tive effect of propofol, as sometimes suggested”, can 
be ruled out in our patients as first, the degree of 
sedation was the same in both groups and second, 
sedation decreased with time in all patients whereas 
the efficacy of propofol increased. None of our 
patients had a sedation score higher than 2. Low 
doses of propofol may induce anxiolysis’ sufficient to 
modify cortical afferents to the vomiting centre. 
Although we did not specifically test the anxiety sta- 
tus of our patients, clinical data describe no 
behavioural difference and indirectly indicate that an 
anxiolytic effect, if present, is not important enough 
to be the principal factor. A dopamine D2 receptor 
antagonist effect has also been suggested”, but not 
proved. Propofol has also been shown to possess 
weak anti-serotonin (SHT;) properties”, suggesting 
a possible effect on the CTZ, but not enough to fully 
explain the efficacy of the drug in emetic syndromes 
refractory to 5-HT, antagonist therapy”. The exact 
mechanisms by which propofol acts remain subject 
to speculation and await further studies. 

The exact concentration at which propofol exerts 
its antiemetic properties is not well documented”. A 
blood concentration of 197 ng ml” has been reported 
in one patient after 48 h of propofol infused at a rate 
of 1 mg kg’ h” for the treatment of refractory 
PONV”. An i.v. bolus of 10 mg (sometimes repeated 
once) is usually effective for approximately 30 min in 
the treatment of chemotherapy-induced emesis". 
From the pharmacokinetic models available, it is 
suggested that the effective concentration range is 
very low, certainly less than 0.5 pg mI'”. These val- 
ues are lower than those recommended for seda- 
tion“. As already mentioned, in this study, the 
efficacy of propofol increased while sedation de- 
creased with time. This provides another argument 
against an association between the sedative and 
antiemetic properties of propofol. 

Can infusions of propofol of prolonged duration 
interact with lipid metabolism because of the 
emulsion (10% Intralipid) formulation of the drug? 
After several days of sedation with propofol in inten- 
sive care units, at a dose range of 1-3 mg kg" h”, no 
subsequent modifications in triglycerides or fatty 
accumulation were reported”. Hence, no changes 
would be expected in our patients, as propofol was 
infused at lower doses for a shorter period of time. 


Propofol and PONV after thyroidectomy 


The lowest rate necessary to achieve an antiemetic 
effect and the corresponding plasma concentration of 
propofol need to be defined more precisely if propo- 
fol is to be considered an acceptable regimen for the 
prevention and treatment of PONV in patients at risk 
of such symptoms. We did not study the financial 
impact (benefits vs costs) of this therapy and this 
should be done, including not only the cost of the 
drug and the material used but all other relevant fac- 
tors''* ”: efficacy, psychological satisfaction, de- 
creased strain on the nursing staff, postoperative sur- 
gical course (haematoma, healing) and duration of 
hospital stay. At present, considering the efficacy and 
high degree of acceptance and satisfaction of the 
treatment, we believe that propofol may be proposed 
prophylactically as an antiemetic agent in patients 
identified at high risk of PONV or as rescue drug in 
case of failure of conventional antiemetic therapy. It 
should be noted that 5-HT 3 antagonists have also 
been used successfully in this situation, although the 
success rate did not reach 100%”. To our knowledge, 
no controlled study has directly compared the 
respective efficacy and costs of propofol and 5-HT; 
antagonists. 
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Use of a mechanical simulator for training in applying cricoid pressure 


N. AsuurstT, C. C. Rout, D. A. ROCKE AND E. Gouws 


Summary 

Using an airway management training model, 
we have assessed anaesthesia personnel in their 
use of correct cricoid force and ability to retain 
this skill after a short training programme. A per- 
spex device, working on a hydraulic principle, 
was used to measure cricoid pressure when 
applied to the model. After initial assessment at 
two levels of cricoid force (20 and 40 N), partici- 
pants undertook additional training on 3 con- 
secutive days. Thereafter, available participants 
underwent reassessment at 14-21 days. Forty- 
nine anaesthetic assistants and anaesthetists 
underwent initial assessment and 18 completed 
the full training and reassessment. Untrained, 
the majority (63%) of participants applied inad- 
equate cricoid force with a wide variation (mean 
16.8 (sp 9.3) (range 4.5-43.0) at 20 N and 32.9 
(13.3) (14.9-74) at 40 N). After a single training 
session there was a marked improvement in 
application of cricoid force. Two additional train- 
ing sessions did not provide further improve- 
ment. After 14-21 days the ability of participants 
to apply correct cricoid force was retained by 
72% of subjects. Those who applied inadequate 
cricoid force initially were more likely to do so 
even after training. Most subjects applied too 
great a cricoid force in the first 5 s of application 
followed by a progressive loss of force during 
the next 20 s. This trend improved after training. 
We conclude that the majority of untrained 
personnel apply inadequate cricoid force, plac- 
ing patients at risk of aspiration of gastric 
contents. While a simple training programme 
improved application of cricoid force, retained 
for up to 3 weeks, there was often a substantial 
decrease in the force applied to the cricoid 
during a single application, even after training. 
(Br. J. Anaesth. 1996;77:468-472) 
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Use of cricoid pressure, as described by Sellick in 
1961', is the cornerstone of rapid sequence induction 
to minimize the risk of pulmonary aspiration of gas- 
tric contents. The force required to occlude the 
oesophagus has been described “as moderate then 
firm pressure” ' or “pressure which would cause pain 
when applied to the bridge of the nose” *. Quantita- 
tively, Wraight, Chamney and Howells showed that a 


force of 44 newtons (N) should protect 50% of 
patients from regurgitation’ while Vanner and 
colleagues* showed that 40 N would increase upper 
oesophageal sphincter pressure (UOSP) above awake 
levels in 100% of subjects. However, for the awake 
patient 40 N is poorly tolerated’ and may cause 
coughing or vomiting’. In addition, Vanner and 
colleagues showed that UOSP decreased during 
induction of anaesthesia with thiopentone and 
suggested that 20 N be applied to the awake patient 
increasing to 40 N on loss of consciousness’. In clini- 
cal practice, Howells and colleagues’ demonstrated 
that the force applied by anaesthesia assistants varies 
widely, resulting in a proportion of patients remain- 
ing at risk of regurgitation because of inadequate 
pressure. Devices have been described’ *’ which allow 
the exact force to be applied but manual application 
remains the commonest method. 

To reduce the proportion of patients at risk of 
inhalation during induction, the person applying cri- 
coid pressure should do so correctly. This study was 
designed to assess, using a model, the performance of 
anaesthesia staff and assistants in applying cricoid 
pressure. Participants then underwent a training pro- 
gramme using the model, which was subsequently 
used to evaluate retention of training. 


Subjects and methods 


To measure the force applied to the cricoid cartilage, 
we designed a device which was easy to use and cali- 
brate, and was accurate over the intended range of 
forces (5—60 N). The perspex device worked on the 
hydraulic principle (fig. 1) and allowed cricoid pres- 
sure to be applied using a three-finger technique onto 
the cricoid cartilage of a model (Laerdel airway man- 
agement trainer, fig. 2). The device was light (50 g) 
and applied a minimal force (0.49 N) when placed 
alone on the cricoid. The yoke transmitted the force 
from the cricoid to the plunger which abutted the 
diaphragm, increasing the fluid pressure within the 
device in a linear fashion (r=0.98). Pressure changes 
were transduced electronically and displayed as a 
moving line on an oscilloscope (Datascope 2000 
pressure transducer). The absolute pressure (in mm 
Hg) was displayed also and recorded. For all 
measurements the level of the cricoid on the model 
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Figure 1 Cricoid force was applied to the yoke via the perspex 
device. The pressure developed was transduced and displayed as 
a moving line on an oscilloscope. 


was 95 cm above ground and the transducer was 
zeroed at this level before each attempt. The device 
was calibrated using a set of electronic scales before 
each assessment (1 kg=9.81 N) (manufacturer’s 
specifications available on request). 

Both anaesthetists and anaesthesia assistants 
(nursing staff) were studied. The former are expected 
to be able to teach the correct force to be applied 
while the latter regularly apply cricoid pressure as 
part of their nursing duties. The end-point of the 
study was the ability of participants, without 
reference to the recording device (i.e. blinded), to 
apply two forces, 20 N and 40 N, within the range 
2.5-5 N, respectively. Each subject was assessed 
before training, over the 3 days of training (consecu- 
tively if possible), and 14-21 days after the third day 
of training. 

On day 1 the initial untrained assessment was 
made by blinding the subject to the pressure reading 
on the oscilloscope and asking the subject to apply, 
for a period of 20 s, what they considered their “nor- 
mal” cricoid force. Each was then asked to apply 
“half their normal” force for 20 s. These two 
measurements were repeated three times. The mean 
force of three readings obtained over the last 15 s of 
application was recorded. After this initial assess- 
ment, each participant then viewed the oscilloscope 
screen unblinded and was allowed three attempts at 
attaining both 20 and 40 N. Participants were again 
blinded to the oscilloscope screen and asked to apply 
“half” and then “full” cricoid pressure three times. 
The forces developed were again recorded. If two of 
the three recorded forces and the mean force were 
appropriate (20+2.5 N and 4025 N) the participant 
was considered trained for that day. If the targets 
were not met then additional cycles of unblinded 
training were followed by blinded reassessment until 
the participant was trained. The number of training 
cycles each day was recorded. 

On days 2 and 3 the subjects first performed a 
blinded assessment at 20 and 40 N to assess 


469 


retention from the previous day. If training targets 
were not met further training cycles were conducted 
as above. Two to 3 weeks later (according to staff 
availability) subjects were reassessed to determine 
retention of training. All assessments were performed 
by the same assessor (N. A.). 

The numbers of subjects applying cricoid pressure 
correctly were compared on each day of training with 
the initial assessment using McNemar’s chi-square 
test, with Bonferroni’s correction for repeated meas- 
ures. Mean force applied at each target value was 
compared with the target value using z tests, and 
repeated measures analysis of variance was used to 
compare mean values on each assessment with initial 
performance. 


Results 


Forty-nine staff participated in the initial assessment: 
29 were anaesthetic assistants (all female) and 20 
were anaesthetists (eight female) of varying years of 
experience. Eighteen of the subjects (six anaesthetic 
assistants, 12 anaesthetists) were available to com- 
plete the full training and reassessment. 

Neither sex nor rank (i.e. assistants vs anaesthet- 
ists) significantly influenced the ability to apply the 
correct force during any part of the study. While not 
quantitatively assessed, we observed that most 
subjects applied a much greater force at the 
beginning of application than at the end of the 20s 
period and there was often an “overshoot” of applied 
force in the initial 5 s. This decline in applied force 
with time was still present after training but was less 
marked. Figure 3 shows examples of forces applied. 

At the initial assessment, mean applied cricoid 
forces of 16.8 (sp 9.3) (range 4.5--43.0) N and 32.9 
(13.3) (14.9-74) N were significantly (P<0.01 and 
<0.001, respectively) below the targets of 20 N and 
40 N, respectively. The majority of subjects (67% at 
20 N and 61% at 40 N) were unable to achieve the 
lowest force considered acceptable (17.5 N and 35 
N, respectively). Only five subjects (10%) at 20 N 
and nine subjects (18%) at 40 N were able to apply 
pressures within the correct ranges. 

Figure 4 shows the applied cricoid force at the tar- 
gets of 20 and 40 N at the initial assessment and sub- 
sequent assessments after training for the 18 subjects 
who completed the training in full. At the initial 
assessment the only difference between the results of 
the 18 subjects who completed the study and the 
total of 49 subjects was that the difference between 
the mean force applied and 20 N was not statistically 
significant. Following training after the initial assess- 
ment on day 1 and subsequent training on days 2 and 
3, there was a significant increase in the mean cricoid 
force applied at both the 20 and 40 N targets 
compared with the initial assessment. At the 40 N 
target, the mean values after training were within an 
acceptable range of the target value (35-45 N). At 
the 20 N target, however, mean values were greater 
than the upper limit of the acceptable range 
(17.5-22.5 N). Mean values at the 40 N target were 
significantly different from 40 N at the initial assess- 
ment (2=3.02, P<0.01) and after training on day 1 
(z=3.01, P<0.01) but not on days 2 (2=2.16, 0.05 
>P>0.01) or 3 (s=1.96, 0.05>P>0.01). At the 20 N 
target, mean values did not differ significantly from 
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Figure 2. The cricoid measuring device was applied to an airway training model using a three-finger technique. 
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Figure 3 Three typical tracings of inadequate application of cricoid force. A and B show the marked initial overshoot and later decline of 
cricoid force while C shows the force to be low throughout, even though the subject had undergone training. 


the target at the initial assessment (z=1.61, ns) or on 

day 1 (2=2.01, 0.05>P>0.01) but were significantly 80 — 
different on days 2 (2=3.11, P<0.01) and 3 (z=4.43, 

P<0.01). | y 

There was a statistically significant (P<0.0125) 
reduction in the variability of applied pressures 
(coefficient of variation) at the 40 N target on days 1, 
2 and 3 compared with the initial assessment. Coef- 
ficient of variations were 0.38 at the initial assess- 
ment, 0.13 on day 1, 0.17 on day 2 and 0.12 on day 
3. At the 20 N target, however, a similar reduction in 
the coefficient of variation was seen only on days 1 
and 3 (coefficient of variation for the 20 N target: ini- 
tial 0.52; day 1, 0.27; day 2, 0.39; day 3, 0.25). 

At the final assessment, 2-3 weeks after the last 
training cycle, the mean forces applied were within PPA : — 5 
the acceptable range for both the 20 N and 40 N tar- Initial Day 1 Day 2 Day 3 Final 
gets. At the 40 N target the naren force applies (38:9 Figure 4 Cricoid force (mean, range and interquartile range) 
(5.9) N) on the final ences men: remained signifi- applied at the initial and subsequent assessments at the 20 N 
cantly higher than that obtained at the initial assess- (bottom curve) and 40 N (top curve) targets. *P<0.05 compared 
ment (31.4 (12.0) N). Seven of the 18 subjects with initial assessment; }P<0.05 compared with target value. 


Applied force (N) 








Training and cricoid pressure 


applied inappropriate cricoid force both at the initial 


and final assessments. At the final assessment two _ 


applied too much force, four applied 34 N and one 
32 N. At the 20 N target there was no statistically 
significant difference between the mean force applied 
on the final day (20.3 (7.0) N) compared with the 
initial assessment (16.7 (8.7) N). However, at both 
20 and 40 N targets the mean applied force was no 
longer significantly different from the target force 
(z=0.16 at 20 N, and 0.81 at 40 N, ns). 

At the initial assessment only one subject at the 20 
N target and three subjects at the 40 N target 
achieved cricoid forces within the acceptable range 
(table 1). Performance improved on subsequent days 
‘but a statistically significant (P<0.0125) improve- 
ment in the number of subjects achieving acceptable 
forces was only seen in the 40 N group on the final 
assessment. There was a trend towards an increase in 
the number of subjects applying too great a force 
during the training period but the sample was of 
insufficient size to obtain statistical significance. 

One subject who applied a force within the accept- 
able range for the 20 N target at the initial assessment 
was outside the range at the final assessment. 
Between 1 and 3 training cycles were required after 
assessment on each day to achieve an applied force 
within the acceptable range at both the 20 N and 40 
N targets. No statistically significant reduction in the 
number of training cycles required was observed 
during the training period. 


Discussion 

For cricoid pressure to prevent pulmonary aspiration 
of gastric contents, the UOSP generated must be 
greater than the pressure within the lower oesopha- 
gus. Wraight, Chamney and Howells’ calculated that 
the maximum possible passive oesophageal pressure 
generated in a gravid patient given suxamethonium 
was 7.84 kPa, and showed further that this UOSP 
was generated in 50% of subjects given 44 N of cri- 
coid force. Taking into account the force generated 
by a tracheal tube and accepting the resting awake 
UOSP of 38 mm Hg as an adequate target, Vanner 
and colleagues* showed that 100% of subjects with 
40 N of cricoid force and 23 of 24 subjects with 35 N 
of cricoid force developed an adequate UOSP (>38 
mm Hg). In a cadaver study, Vanner and Pryle*’ dem- 
onstrated that only 30 N was needed to develop an 
UOSP >35 mm Hg but how well cadavers at 4 °C 
correlate with anaesthetized patients is debatable. As 
all patients receiving a force greater than 35 N 
develop a sufficient UOSP to prevent aspiration, we 
used a target of 4025 N as our upper target range for 
training. Our lower training target range of 2042.5 N 
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was used as a result of the study of Vanner and 
colleagues who demonstrated that UOSP decreases 
before loss of consciousness thereby increasing the 
risk of regurgitation at this time, confirming earlier 
suggestions that cricoid force should be applied 
before loss of consciousness’. However, a full force of 
40 N is tolerated poorly by awake patients’ and may 
increase the risk of inducing airway obstruction’, 
vomiting and even oesophageal rupture’. It seems 
prudent therefore to apply moderate (20 N) force 
before loss of consciousness, increasing to 40 N at 
the onset of anaesthesia. 

Sixty one percent of the initial 49 participants 
failed to reach an adequate (> 35 N) force, 53% fail- 
ing even to reach 30 N before training. This 
compares with the study of Howells and colleagues’ 
where 47% of staff failed to reach 44 N and with the 
study of Vanner and colleagues* where 50% failed to 
increase UOSP above 35 mm Hg. The wide variation 
in applied force seen in our study compares well with 
the results of Howells and colleagues’. However, 
mean force was within acceptable limits in their 


study whereas in ours the mean force was below the 


target levels. 

In the 18 subjects who completed training we saw 
a significant improvement in the applied force on day 
1. The mean cricoid force was now within the correct 
range and the variability between subjects reduced. 
Only one subject now provided possibly dangerously 
low cricoid force (32 N). This confirms Sellick’s sug- 
gestion that the application of cricoid force can be 
taught within a short period. However, 44% of 
subjects now applied forces in excess of 45 N which 
may damage the cricoid tissues or cause difficulty 
with intubation. It may be that some are untrainable 
and one advantage of the training programme would 
be to identify these staff. 

The short training programme used in our study 
showed that after 14~21 days the ability to apply cor- 
rect cricoid force was retained by most subjects. 
However, 28% of subjects still applied a force less 
than 35 N. As none of these subjects applied grossly 
inadequate force (<30 N) we consider this to be 
acceptable. This study was not designed to answer 
the question of how often training should be 
repeated, but work by Berden and colleagues’ 
suggests that resuscitation skills in nurses are 
maintained for between 3 and 6 months and it would 
seem reasonable therefore that training should be 
repeated at least every 6 months. The evidence from 
this study is that retention of training deteriorates 
more rapidly. 

The decrease in the applied force over the period 
of 20 s seen in our study has been observed 
previously’. The results give rise to concern about the 


Table 1 Number of subjects applying cricoid force within and outside the acceptable ranges at the 20 N and 40 N targets (n=18). * P< 
0.0125; ł 0.05 > P > 0.0125 compared with initial percentage of participants applying inadequate cricoid pressure 


Target 2042.5 N Target 4025 N 
<175N 17.5-22.5 N >22.5N <35N 35-45 N >45N 
Initial 13 1 4 12 3 3 
Day 1 3 8t 7 1 9 8 
Day 2 2 6 10 2 10t 6 
Day 3 2 3 13 2 10 6 
Day 14-21 6 8t 4 5 11* 2 
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quality of cricoid force applied over a protracted 
period during, for example, a difficult intubation. 

The inadequate force applied, the wide individual 
variability seen particularly at 20 N, and the decline 
in applied force with time in untrained personnel 
strengthen the argument for the need for a mechani- 
cal device to allow correct cricoid force to be applied 
consistently. However, a questionnaire conducted by 
Howells and colleagues suggested that only 33% of 
anaesthetists in the UK and USA believed a 
mechanical device would be useful and only 46% 
believed a training device necessary’. Many devices?” '° 
have been described and demonstrated to be effective 
in training subjects to apply correct cricoid force but 
none have been adopted into general practice 
possibly because they have been associated with 
laryngeal distortion and difficult intubation”. Our 
device being smaller and lighter may allow more 
accurate placement, reducing laryngeal distortion, 
although this has yet to be assessed. 

We conclude that training improves performance 
but retention of the skill of applying appropriate cri- 
coid pressure for any length of time cannot be guar- 
anteed. Indeed some staff may be untrainable. Our 
results imply that staff applying cricoid pressure 
should undergo a frequent training programme, the 
interval of which remains to be determined but may 
need to be monthly. Introducing such training 
programmes into clinical practice may well be logis- 
tically prohibitive. Alternatively such programmes 
may form part of courses in airway management. In 
addition, the value of introduction of such training 
programmes in the context of improved morbidity or 
mortality from such a rare event as acid aspiration is 
unlikely to be significant. Nevertheless if cricoid 
pressure is to be applied then only appropriate tech- 
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niques can be acceptable. While the idea of applying 
moderate cricoid pressure (20 N) before induction is 
laudable, the difficulty experienced by our subjects in 
attaining this pressure suggest that this goal may be 
difficult to achieve. 
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Endotoxaemia and postoperative hypermetabolism in coronary artery 
bypass surgery: the role of ketanserin 


H. M. OUDEMANS-VAN STRAATEN, P. G. M. JANSEN, H. TE VELTHUIS, CHR. P. STOUTENBEEK, 
D. F. ZANDSTRA, S. J. H. VAN DEVENTER, A. STURK, CH. R. H. WILDEVUUR AND L. EJSMAN 


Summary 

In a randomized, double-blind clinical study in 29 
patients undergoing elective coronary artery 
surgery, we assessed the role of ketanserin, an 
inhibitor of serotonin-induced vasoconstriction 
and weak a, sympathetic blocker, in reducing 
endotoxaemia and postoperative hypermetabo- 
lism. Male patients without major organ dys- 
function were allocated randomly to receive 
either ketanserin or placebo. Hypermetabolism 
was defined as an increase in oxygen consump- 
tion in the early postoperative hours (AVo,). Cir- 
culating endotoxin (P=0.04) and postoperative 
AVo, (P=0.03) were lower in the ketanserin 
patients. Endotoxaemia was associated also 
with low vascular filling. From these preliminary 
results we conclude that treatment with ketan- 
serin during cardiac surgery may reduce but not 
abolish endotoxaemia and postoperative hyper- 
metabolism. (Br. J. Anaesth. 1996;77:473-479) 
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The postoperative course after cardiac surgery may 
be complicated by a systemic inflammatory re- 
sponse’*. This hypermetabolic response is multifac- 
torial. It may be caused by rewarming after 
hypothermia’, complement activation on contact of 
blood with material from the extracorporeal circuit 
or reperfusion after ischaemia. It has also been asso- 
ciated with endotoxaemia and subsequent cytokine 
release’. Circulating endotoxin during cardiac sur- 
gery possibly originates from the patient’s own gut 
flora. Endotoxin permeating from the gut stimulates 
the host to produce inflammatory mediators that 
cause the systemic inflammatory response’”. 

One of three factors appear to be necessary for 
permeation of endogenous bacterial endotoxin from 
the gut into the systemic circulation: first, bacterial 
overgrowth in the gut lumen, second, loss of gut 
barrier function, and third, decreased ability of the 
reticuloendothelial system to detoxify the permeated 
endotoxin. The first factor is probably not important 
during cardiac surgery, but the two other factors may 
be. Both might be caused by splanchnic hypoper- 
fusion, as may occur during cardiac surgery’. In a 
previous study it was found that during cardiac 


surgery intestinal permeability between cells in- 
creased. The amount of circulating endotoxin was 
related to this increase”. Increased intestinal perme- 
ability was associated with pharmacologically in- 
duced vasoconstriction and hypovolaemia during 
operation. 

In rats, ketanserin has a beneficial effect on the 
occurrence of ischaemic lesions in the gastric 
mucosa”, Ketanserin inhibits the action of sero- 
tonin on the vasoconstricting 5-HT, receptor and on 
platelet aggregation. It also inhibits the potentiating 
vasoconstrictive effects of serotonin on noradrenaline 
and angiotensin, and has a weak a, receptor inhibit- 
ing effect at higher concentrations”. As a result, ket- 
anserin inhibits vasoconstriction and platelet aggre- 
gation. This effect is particularly prominent in vessels 
with decreased endothelial-mediated vasodilata- 
tion”. 

The first aim of this study was to assess if i.v. 
administration of ketanserin reduces the degree of 
endotoxaemia during elective coronary artery bypass 
surgery and ameliorates the postoperative hyper- 
metabolic response. The second aim was to assess if, 
in addition to ketanserin, other factors, such as 
haemodynamic state and duration of CPB””, are 
associated with endotoxaemia. Therefore, we have 
measured the concentration of circulating endotoxin, 
haemodynamic state and postoperative increase in 
oxygen consumption in patients receiving i.v. ketan- 
serin or placebo before, during and after coronary 
bypass surgery. 

Patients and methods 
Male patients, aged 45-75 yr, undergoing elective 
coronary artery bypass grafting without valve re- 
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placement, were eligible for inclusion in the investi- 
gation when the following criteria were met: left ven- 
tricular ejection fraction more than 40% or an 
end-diastolic pressure in the left ventricle less than 
20 mm Hg, and normal organ function. Patients 
were excluded if they had unstable angina pectoris, 
major coagulopathy, history of inflammatory bowel 
disease or alcohol abuse, had used corticosteroids, 
antibiotics, ketanserin or aprotinin in the week before 
operation, had ingested acetylsalicylic acid within 4 
days before surgery, or had a QT interval on the elec- 
trocardiogram of more than 500 ms (QT prolonga- 
tion is reported with higher doses of ketanserin). 
Written informed consent was obtained from each 
patient and the study was approved by the Ethics 
Committee of the Free University Hospital, Amster- 
dam. 

As it is not known if ketanserin has any effect on 
endotoxaemia, we undertook a pilot study. Patients 
were allocated randomly to receive, in a double-blind 
design, either ketanserin or a similar volume of 
placebo. Randomization was performed by Janssen 
Pharmaceutica BV. In the ketanserin group, patients 
received ketanserin 0.1 mg kg" bh” i.v. for 4 h, begin- 
ning after induction of anaesthesia and insertion of 
the pulmonary artery catheter preceding sternal inci- 
sion. To limit the hypotensive effects of ketanserin, 
the dose was reduced to 0.05 mg kg" h” after 4 h. 
The infusion was stopped 18 h after operation. 

Endotoxin was measured in blood at baseline 
(directly after admission to the operating room), dur- 
ing cardiopulmonary bypass (CPB) (10 min after the 
onset of CPB and on termination of CPB), and in the 
intensive care unit (ICU) (30 min, 2 h and 18 h after 
admission). In addition, a sample of the prime fluid 
of the heart-lung machine was obtained before con- 
nection to the patient (ET prime). 

Clinical measurements were made at baseline 
(after induction of anaesthesia and insertion of the 
pulmonary artery catheter), 30 min after termination 
of CPB and in the ICU (at fixed times of endotoxin 
sampling and additionally at 4 and 8 h after 
admission to the ICU). 

The amount of endotoxin appearing in the 
systemic circulation and the postoperative hyper- 
metabolic response were the end-points of the study. 
We chose endotoxaemia as the primary end-point as 
we hypothesized that inhibition of vasoconstriction 
would improve intestinal and hepatic perfusion and 
reduce the subsequent permeation of endotoxin from 
the gut into the systemic circulation. The amount of 
circulating endotoxin concentration during opera- 
tion and the concentration of endotoxin at the time 
of patient admission to the ICU (ET; 1;) were meas- 
urements of special interest. Postoperative hyperme- 
tabolism was chosen as the clinical endpoint as it was 
shown. that postoperative hypermetabolism was asso- 
ciated with the endotoxin-related inflammatory 
response’, Because we studied patients at low risk of 
postoperative complications, we did not expect to 
find an effect on duration of ICU stay. 

On the morning of surgery, patients received their 
usual cardiac medication and lorazepam. Anaesthe- 
sia was induced with fentanyl 30 pg kg’ and 
pancuronium 0.1 mg kg", and maintained with a 
continuous infusion of midazolam and additional 
doses of fentanyl up to 50 ug kg". Volatile anaesthet- 
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ics, nitrous oxide or corticosteroids were not given. 
The lungs were ventilated with 40% oxygen and a 
positive end-expiratory pressure of 5 cm H,O. A pul- 
monary artery catheter was inserted after induction 
of anaesthesia and tracheal intubation. 

CPB was performed with moderate systemic hypo- 
thermia (28-30 °C), non-pulsatile flow and cold 
crystalloid cardioplegia for myocardial protection. 
The CPB circuit consisted of a membrane oxygena- 
tor (Avecor, Plymouth, MN, USA), a roller pump 
(Stockert) with an arterial filter and polyvinyl tubing. 
The circuit was primed with Ringer’s lactate 2000 
mil, 20% human albumin 200 ml, 20% mannitol 100 
ml, 8.4% sodium bicarbonate 50 ml and bovine 
heparin 5000 u. A standard cannulation technique 
was used with a two-stage venous cannula, an arterial 
cannula in the ascending aorta and subtotal bypass. 
During CPB, pH was regulated according to the 
a-stat concept. Rewarming was started just before 
the last distal anastomosis was made by slowly 
increasing temperature, at first to 32 °C and then to 
39.5 °C. Rewarming was continued until nasopha- 
ryngeal temperature was >36.5 °C. 

After releasing the aortic cross-clamp, nitroglycer- 
ine 2 mg h“ and dopamine 2 ug kg’ h“ were started. 
Fluid therapy was titrated according to cardiac filling 
pressures and cardiac index. Target values were as 
follows: central venous pressure (CVP) 8-10 mm 
Hg, pulmonary artery occlusion pressure (PAOP) 12 
mm Hg and cardiac index (CD >2.5 litre min” m°. In 
the ICU all patients were warmed externally with a 
heating mattress until rectal temperature exceeded 
36.5 °C and the difference between rectal and toe 
temperature was less than 5 °C. All patients received 
controlled mechanical ventilation for at least 8 h after 
operation. Doses of dopamine and nitroglycerin were 
increased when cardiac index remained low after 
adequate filling. Packed cells were transfused to 
maintain haemoglobin >8.8 g dl”. In order to relieve 
pain and stress, prevent shivering and obtain a 
reliable value of oxygen consumption and cardiac 
output, patients were sedated with morphine 5-10 
mg i.v. and diazepam 5-10 mg i.v. for 8 h after opera- 
tion. After that, when temperature and circulation 
were stable, patients were allowed to wake up, 
pressure support ventilation was started and the tra- 
chea was extubated generally in the morning after 
operation. 

Blood for measurement of endotoxin was obtained 
from a newly inserted radial artery catheter or from 
the arterial cannula of the extracorporeal circuit. 
Blood samples were collected in tubes (Monovette, 
Sarstedt, Nimbrecht, Germany) containing 
pyrogen-free heparin (Thromboliquine, Organon, 
Oss, The Netherlands) at a final concentration of 30 
u. ml’, under endotoxin-free conditions, and were 
immersed immediately in ice. Platelet-rich plasma 
was prepared directly by centrifugation (4 °C) at 
190 g for 10 min and stored immediately at —70 °C. 
Endotoxin was measured with an optimized chro- 
mogenic assay (Coatest Endotoxin, Kabi- 
Chromogenix, Mölndal, Sweden) based on the 
lipopolysaccharide-dependent activation of Limulus 
amoebocyte lysate (LAL) and subsequent 
measurement of the activated LAL enzyme(s) with a 
chromogenic substrate. This assay has been de- 
scribed previously”. The LAL material contained in 
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this batch of Coatest endotoxin kits is insensitive to 
LAL-reactive material such as B-glucan”. The assay 
has a detection limit of 0.036 EU ml" (endotoxin 
units per millilitre of platelet rich plasma). This cor- 
responds to 3 pg ml’ of the endotoxin standard used 
in this study. 

Haemodynamic measurements included heart 
rate, arterial pressure, CVP, pulmonary artery 
pressure, PAOP and cardiac output using an arterial 
and pulmonary artery catheter. Cardiac output was 
measured by the thermodilution method using room 
temperature injectate. The mean of four measure- 
ments was calculated. Cardiac index (CI) was calcu- 
lated from cardiac output: CI=cardiac output/total 
body area. ; 

Oxygen consumption (V0,) was measured con- 
tinuously by respiratory gas analysis with an open 
circuit indirect calorimeter (Deltatrac, Datex Instru- 
mentarium, Helsinki, Finland) as long as the patient 
was undergoing artificial ventilation. This metabolic 
monitor has been validated previously” and de- 
scribed in detail”. Fio, was always less than 50%. 
Minute volume and Fio, remained constant for 60 
min before measurements were obtained. Calibra- 
tions were made before starting, after transport of the 
patient and instrument to the ICU and at 8-h inter- 
vals thereafter. A meticulous check on gas leakage 
was made; minute volume, as measured by the venti- 
lator and the calorimeter, was checked routinely. 
Care was taken that the patient was sedated 
adequately and shivering was prevented. The Delta- 
trac calorimeter averages Vo, measurements over a 
period of 1 min, and the mean of at least five 
measurements was taken. These values were also 
compared with the continuously printed values to 
exclude short-term variability. Values of Vo, were 
adjusted for total body area (ml min’ m7”). 

Hypermetabolic response was assessed by the 
postoperative increase in oxygen consumption from 
baseline (AVo,)’. Oxygen supply was calculated 
according to the following equation: oxygen 
supply = CI x (1.39 x haemoglobin (g dl") x arterial 
oxygen saturationt+0.0031 x Pao, 


DATA ANALYSIS 


Statistical analysis was performed using Statview 
SE+ Graphics computer software (Abacus concepts, 
Berkeley, CA, USA). Data are presented as mean 
(SEM). Individual measurements were compared 
between groups using a two-tailed Student’s t test for 
unpaired observations and serial measurements 
between groups with a two-way analysis of variance 
(ANOVA) with a design for repeated measures. For 
single measurements of special interest in a series, 
Bonferroni’s correction for repeated measurements 
was made. To quantify the amount of endotoxin in 
the systemic circulation during operation between 
groups, the area under the curve (AUC) was 
calculated for the concentration-time curve”. To 
correct for differences in the duration of CPB, AUC 
was divided by total time”. ; 

In the analysis of AVo,, measurement of AVo, 2 h 
after admission to the ICU was of special interest, as 
this value was related to the inflammatory response 
to endotoxaemia’. The time pattern of AV o, in the 
ketanserin group was different from that in the 
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placebo group, making a two-way ANOVA for 
repeated measures inappropriate. We therefore com- 
pared mean postoperative AVo, (AUC from 30 min 
to 8 h after ICU admission) between groups. 

Regression analysis was performed in the entire 
group of patients (ketanserin and placebo) to investi- 
gate if variables, other than ketanserin, could explain 
the remaining variability of ET,,,; and AV 03. A two- 
sided P value of less than 0.05 was considered statis- 
tically significant. 


Results 


We studied a total of 31 consecutive male patients 
undergoing CPB for elective coronary artery bypass 
grafting. Study medication was stopped prematurely 
in two patients (one in each group) because of severe 
bleeding and myocardial ischaemia before the onset 
of CPB. These patients were excluded from the study 
before unblinding and analysis. In total, 14 patients 
were treated with ketanserin and 15 patients received 
placebo. In one placebo patient, the endotoxin results 
could not be measured for technical reasons. All 
other data were evaluated. 

There were no significant differences in patient 
characteristics, preoperative myocardial function, 
surgical characteristics (table 1) or baseline haemo- 
dynamics (table 2). All patients were discharged from 
the ICU on the first day after operation and all 
survived. Re-operation for postoperative bleeding 
was necessary once in each treatment group. In the 
ketanserin group, two patients had peroperative 
myocardial infarction as a result of incomplete revas- 
cularization. 


COMPARISON OF ENDOTOXIN CONCENTRATIONS 


Circulating endotoxin, analysed using two-way 
analysis of variance for repeated measures with all 
measurements included, was lower in patients 
treated with ketanserin than in placebo patients 
(P=0.04). There was no significant group—time 
interaction (P>0.5) (fig. 1). In nine of 14 patients in 
the placebo group, and in two of 14 patients in the 
ketanserin group, endotoxin concentration was posi- 
tive 10 min after the start of CPB compared with 
baseline (P<0.05). At the end of CPB, endotoxin 
concentration was positive in 12 of 14 patients in the 
placebo group and in eight of 14 in the ketanserin 
group (ns). The mean concentration of circulating 
endotoxin during operation (AUC/time) was 0.130 


Table 1 Patient data (mean (SEM or range) or number)) 





Placebo Ketanserin 
group group 
Preoperative 
Age (yr) 61.1 (49-74) 69.6 (47-73) 
Left ventricular end-diastolic 
pressure (mm Hg) 9.9 (0.89) 11.8 (1.0) 
Long-acting vasodilators (n) 15 13 
Surgery 
Aortic cross-clamp time (min) 70 (5.5) 80 (6.6) 
Cardiopulmonary bypass time 
(min) 110 (7) 119 (10) 
No of distal anastomoses (median 
(range)) 4 (2-6) 4 (1-7) 


476 


British Journal of Anaesthesia 


Table 2 Mean (szM) haemodynamic measurements and oxygen delivery in the placebo (P) and ketanserin (K) groups. HR = heart rate, 
MAP = mean arterial pressure (mm Hg), CVP = central venous pressure (mm Hg), POAP = pulmonary artery occlusion pressure (mm 
Hg), CI = cardiac index (1 litre" min“ m™), Do,I = oxygen delivery (ml min™ m°), SVRI = systemic vascular resistance (dyn s cm” m°). 
*Significant difference between groups (two-factor ANOVA for repeated measures) 





Baseline 30 min after CPB 30 min ICU 

HR 

P 58 (2.9) 88 (5.2) 84 (5.5) 

K 63 (3) 92 (4.5) 92 (6.5) 
MAP* 

P 74 (3.0) 81 (3.8) 80 (3.3) 

K 74 (3.0) 75 (2.6) 74 (3.3) 
CVP 

P 9.5 (0.9) 9.7 (0.6) 8.1 (0.6) 

K 9.8 (0.9) 12 (0.9) 7.0 (0.7) 
PAOP 

P 9.7 (0.9) 10.1 (0.9) 8.5 (0.6) 

K 9.8 (0.5) 11.5 (0.6) 8.9 (0.9) 
CI 

P 2.1 (0.1) 3.2 (0.2) 3.7 (0.2) 

K 2.3 (0.1) 3.8 (0.3) 4.2 (0.3) 
Do,I 

P 165 (8.5) 175 (10.8) 202 (9.3) 

K 184 (9.1) 198 (16) 237 (17) 
SVRI 

P 2606 (124) 1835 (132) 1625 (117) 

K 2340 (130) 1478 (182) 1414 (172) 


EU ml” in the ketanserin group and 0.193 EU ml” in 
the placebo group, indicating a 33% reduction in 
endotoxaemia during operation in patients treated 
with ketanserin (P=0.03). The concentration of 
circulating endotoxin on admission to the ICU was 
0.199 EU ml’ in the ketanserin group and 0.314 EU 
ml" in the placebo group (P<0.05). 

The mean concentration of endotoxin in the prime 
fluid was 0.123 (0.039) EU ml’ in the ketanserin 
group and 0.078 (0.032) EU ml" in the placebo 
group (ns). 


COMPARISON OF OXYGEN CONSUMPTION AND OTHER 
CLINICAL VARIABLES 


AVoy 2 h after admission to the ICU was significantly 
lower in patients treated with ketanserin than in pla- 
cebo patients (P<0.001). Postoperative AVo, (AUC) 
was 44% lower in the ketanserin group than in the 
placebo group (P=0.03) (fig. 2). 
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Figure 1 Plasma concentrations of endotoxin (mean, SEM) vs 
time for patients who received ketanserin (@) or placebo (A) at 
the following times: baseline (after induction of anaesthesia and 
insertion of the pulmonary artery catheter) (1); 10 min after the 
start of CPB (2) and after termination of CPB (3); and in the 
ICU (30 min (4), 2 h (5) and 18 h (6) after admission). 
Circulating endotoxin (ANOVA) was significantly lower in 
ketanserin patients (P=0.04). 


2hICU 4hICU 8 h ICU 18 h ICU 
89 (5) 82 (3.6) 89 (3.6) 87 (3) 

86 (4) 85 (3.3) 85 (3.3) 82 (3) 

79 (4.1) 73 (2.5) 72 (1.6) 79 (2.4) 
72 (2.1) 70 (2.0) 68 (2.1) 74 (1.7) 
7.7 (0.5) 8.0 (0.6) 8.0 (0.5) 6.0 (0.7) 
13.3 (1.0) 8.6 (0.4) 8.2 (0.7) 8.5 (0.7) 
8.4 (0.6) 8.7 (0.7) 9.2 (0.5) 8.3 (1.0) 
10.3 (1.0) 8.8 (0.6) 10.3 (0.7) 10.6 (0.7) 
3.7 (0.2) 3.9 (0.2) 3.9 (0.2) 3.7 (0.2) 
4.0 (0.3) 3.9 (0.2) 4.0 (0.2) 3.8 (0.1) 
225 (12) 208 (10) 228 (11) 
219 (16) 200 (13) 228 (6) 
1592 (123) 1394 (94) 1376 (89) 1588 (90) 
1369 (131) 1304 (94) 1218 (89) 1384 (47) 


Mean arterial pressure was lower in the ketanserin 
than in the placebo group (P=0.04 with two-way 
ANOVA for repeated measures); the group—time 
interaction was not significant (P>0.5) (table 2). 
There was no significant difference in the other 
haemodynamic variables; oxygen supply (table 2), 
use of dopamine and postoperative concentrations of 
lactate. Blood loss and the use of blood products 
were not significantly different between groups. Fluid 
balance during surgery was not different between 
groups, but there was a trend towards a more positive 
fluid balance in the ICU in the ketanserin group. 
This difference started 4 h after admission to the 
ICU and coincided with increased administration of 
fluids to patients treated with ketanserin in the 
period from 4 to 18 h after ICU admission (P=0.03). 
Times for tracheal extubation and discharge from the 
ICU were not significantly different between groups 
(table 3). 
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Figure 2 Increase in oxygen consumption (AW,) from baseline 
(B) (mean, sem) for the ketanserin (@) and placebo (A) groups 
30 min and 2, 4, 8 and 18 h after admission to the ICU. 
Postoperative AYO, (AUC) was significantly lower in ketanserin 
patients (P=0.03). 
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Figure 3 Relation between baseline central venous pressue 
(CVP) and the concentration of endotoxin on admission to the 
ICU (n=28, 0.55, P=0.0036). 


RELATION OF CIRCULATING ENDOTOXIN WITH OTHER 
VARIABLES 


To investigate if haemodynamic variables could 
explain the variability of ET cy, these variables were 
used in a simple regression analysis, and then the sig- 
nificant factors were entered in a forward stepwise 
regression analysis. Baseline CVP, baseline PAOP 
and fluid balance during operation were significantly 
associated with ETicųy (P<0.05). Of these, the 
relation between baseline CVP and ETc, was the 
most significant (fig. 3). 

In the forward stepwise regression analysis, base- 
line CVP was entered first, fluid balance during 
operation and ketanserin treatment were entered 
next, and baseline PAOP was entered in the fourth 
step. After entering PAOP, CVP was removed from 
the model yielding a better fit after the other variables 
were entered. CVP and PAOP were interrelated. The 
final model is presented in table 4. ETycy was higher 
in patients with low baseline filling pressures, with a 
less positive fluid balance during operation in the 
placebo group. ET; 1, was not related to baseline CI 
or to duration of CPB. Endotoxin concentration 10 
min after the start of CPB was not related to ET 
prime. 


RELATION OF AV O, WITH OTHER VARIABLES 


Apart from ketanserin, AÑ 0, was related to ETycy. 
AV o, was not related to systemic oxygen supply, sys- 


Table 3 Other clinical measurements (mean (SEM)). *Significant 
difference between groups. Exrubation time and transfer from 
ICU were calculated from the patients admission to the ICU 





Placebo Ketanserin 

group group 
Total blood loss (ml) 2160 (269) 2060 (269) 
Fluid balance (operation) (ml) 3400 (243) 3777 (301) 
Fluid balance (0—4 h ICU) 

(mD 459 (248) 476 (302) 
Fluid balance (4-18 h ICU) 

(mf) 1106 (387) 2176 (439) 
Fluids (04 h ICU) (ml) 2991 (315) 3021 (251) 
Fluids (4-18 h ICU) (ml))* 4608 (80) 6410 (714) 
Extubation time (h) 20.4 (1) 22.8 (0.5) 
Transfer from ICU (h) 24.8 (1.5) 25.9 (0.5) 
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Table 4 Determinants of the concentration of circulating 
endotoxin on the patient’s admission to the ICU. The 
concentration of circulating endotoxin on ICU asmission (ETycq1y 
(BU mI") can be expressed as a function of ketanserin treatment 
(1 = yes, 2 = no), fluid balance during operation (ml) and 
pulmonary artery occlusion pressure at baseline (mm Hg) in the 
following equation: ET cuy = 0.8-01 (ketanserin treatment) 
~(PAWP yasctine) 0-067 (fuid balance, enon): The F value 
describes the strength of the relation. F z 4 is considered 
statistically significant 


Independent variable Coefficient sEM F 
Constant 0.8 

Ketanserin treatment (1/0) -0.1 0.031 5.7 
PAOPpesetine (tm Hg) —0.027 0.0061 19.6 
Fluid balance sion (MÌ) —0.067 0.016 16.4 


r = 0.78, 7 (adj) 0.57, F test of the model 12.7, P < 0.01 


temic vascular resistance, use of dopamine or 
concurrent temperature. 


Discussion 


We have found that i.v. administration of ketanserin 
may reduce the degree of endotoxaemia during low- 
risk coronary bypass surgery, but does not prevent it. 
Ketanserin appeared to be more protective early after 
the onset of CPB than at the end. After the onset of 
CPB, tissue perfusion may decrease as a result of 
acute changes in vascular volume caused by 
haemodilution with a decrease in oncotic pressure”, 
induction of hypothermia, extracorporeal circulation 
with non-pulsatile flow, and release of vasoactive 
substances such as angiotensin and noradrenaline””. 
Splanchnic vasoconstriction is one of the physiologi- 
cal compensation mechanisms maintaining blood 
flow to the heart and brain during such acute 
changes. However, subsequent splanchnic hypoper- 
fusion may result in a loss of gut barrier function for 
intraluminal endotoxin and a decreased ability of the 
reticuloendothelial system to detoxify the permeated 
endotoxin. 

The most plausible mechanism by which ketan- 
serin reduces endotoxaemia is thought to be related 
to inhibition of vasoconstriction. This may lead to 
improvement in the microcirculation” and cardiac 
performance. However, this conclusion cannot be 
deduced directly from this study, as the splanchnic 
microcirculation was not measured. Nevertheless, 
our data give some indication. Patients with low 
baseline filling pressures and a less positive fluid bal- 
ance during surgery had higher circulating endotoxin 
concentrations. The splanchnic vasoconstrictive re- 
sponse is thought to be more pronounced in patients 
with low vascular filling. While baseline filling 
pressures and fluid balance during operation were 
not significantly different between groups, ketanserin 
may have mitigated this response. That baseline fill- 
ing pressures are important for ET, cy, and not base- 
line CI might be explained as follows. The major 
increase in circulating endotoxin occurred during 
CPB when the patient’s heart is excluded from the 
circulation, and the heart-lung machine provides cir- 
culation, with pump flow standardized according to 
body surface area. Therefore, vascular filling and 
pump flow are the important determinants of 
circulation during CPB, and CI is irrelevant. After 
CPB, there was a trend towards a higher CI in the 
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ketanserin group. This higher CI might also have 
contributed to a lower ET;cy in patients treated 
with ketanserin, but may also have been an effect. 
Although our study design was not appropriate to 
explain the mechanism by which ketanserin reduced 
endotoxaemia, a combined strategy to reduce endo- 
toxaemia may be advised. This strategy should aim at 
inhibition of vasoconstriction by the use of ketan- 
serin and expansion of intravascular volume before, 
during and after CPB in the period that the patient is 
at risk for splanchnic vasoconstriction. 

At the end of CPB, ketanserin appeared to be 
less effective. This might be attributed to the fact 
that maintenance of normovolaemia was not a 
goal of treatment during cardiopulmonary bypass. 
In addition, the use of the large prime fluid causing 
hypo-oncotic haemodilution may also have con- 
tributed to endotoxaemia”. At the end of CPB, other 
factors may also affect permeation of endotoxin 
into the systemic circulation, such as reperfusion of 
the ischaemic myocardium inducing distant tissue 
damage by circulating toxic mediators”. These 
might impair gut barrier function or detoxification of 
the permeated endotoxin by the RES, or both. 

From the results of this study it also appears that 
treatment with i.v. ketanserin during low-risk 
coronary bypass surgery reduces AVo,. In our study 
there was no evidence for a supply-limited Vo, in 
patients treated with ketanserin, as oxygen supply 
and lactate concentrations were not significantly dif- 
ferent between groups. However, both ketanserin 
treatment and ET, y were associated with Aoz. 
The effect of ketanserin on AVo, was probably 
related to its effect on endotoxaemia, but might also 
be the result of better tissue perfusion during opera- 
tion with less depletion of cellular energy stores. The 
reduction in AVo, during treatment with ketanserin 
might be especially beneficial in patients with poor 
myocardial function, as the lower oxygen demand 
without impairment of myocardial performance 
improves oxygen balance. 

All patients were discharged from the ICU on the 
first day after operation. However, there was a trend 
towards a longer duration of ventilatory support in 
the ketanserin patients. This effect coincided with 
administration of more fluids later in the ICU. In this 
study, ketanserin was administered in a standard 
dose until 18 h after operation, far beyond the period 
that the patient is at risk of compensatory vasocon- 
Striction. After a longer infusion time, the a, 
adrenergic blocking effect of ketanserin increases and 
this may explain the lower arterial pressure and 
administration of more fluids later in the ICU. As it 
has been shown that ketanserin decreases the lower 
limit of autoregulation in the kidneys”, sufficient 
organ perfusion is likely to be guaranteed at a lower 
arterial pressure while ketanserin is administered. 
Titration of Ketanserin dose should preferably be 
based on circulation, and administration of ketan- 
serin can generally be discontinued when the circula- 
tion has become stable. 

From the preliminary results of this clinical study, 
we conclude that treatment with i.v. ketanserin, an 
inhibitor of vasoconstriction, may reduce the degree 
of endotoxaemia and postoperative hypermetabo- 
lism, but does not prevent their occurrence. Low 
vascular filling was also associated with endotoxae- 
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mia. Prevention of endotoxaemia is likely to require a 
combined strategy aiming at inhibition of vasocon- 
striction before and during operation using ketan- 
serin and expansion of intravascular volume. 
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Influence of different volume therapy regimens on regulators of the 


circulation in the critically ill 


J. BoLDT, M. MUELLER, T. MENGES, M. PAPSDORF AND G. HEMPELMANN 


Summary 

Various vasoactive substances are involved in 
the regulation of the macro- and microcircula- 
tion. We have investigated if these regulators 
change during long-term volume therapy with 
human albumin (HA) or hydroxyethylstarch 
solution (HES) in trauma and sepsis patients. To 
maintain pulmonary capillary wedge pressure 
(PCWP) at 10-15 mm Hg, either 20% HA 
(HA-trauma, n=14; HA-sepsis, n=14) or 10% low- 
molecular weight HES solution (HES-trauma, 
n=14; HES-sepsis, n=14) were infused for 5 days, 
otherwise patient management did not differ 
between the two groups (trauma/sepsis). Mean 
arterial pressure (MAP), heart rate (HR), PCWP 
and cardiac index (CI) were monitored in all 
patients. Liver function was assessed using the 
monoethylglycinexylidide (MEGX) test, and gas- 
tric intramucosal pH (pH,) was monitored by 
tonometry to assess splanchnic perfusion. 
Plasma concentrations of vasopressin, 
endothelin-1, adrenaline, noradrenaline, atrial 
natriuretic peptide and 6-keto-prostaglandin F,, 
were measured from arterial blood samples. All 
measurements were carried out on the day of 
admission to the intensive care unit (trauma 
patients) or on diagnosis of sepsis, and daily 
over the next 5 days at 12:00. MAP, HR and 
PCWP did not differ between the corresponding 
subgroups (trauma/sepsis). Cl increased signifi- 
cantly more in the HES than in the HA groups. 
pH, and MEGX plasma concentrations did not 
differ in the trauma patients throughout the 
study. Both were lower than normal in the sepsis 
groups and increased more markedly in the HES 
than in the albumin-treated patients (P<0.05). In 
the trauma patients, concentrations of all va- 
soactive regulators were very similar in both 
groups. In both sepsis groups, vasopressors 
(vasopressin, endothelin-1, noradrenaline and 
adrenaline) were significantly increased above 
normal at baseline and decreased more mark- 
edly in HES than in HA patients. Concentrations 
of atrial natriuretic peptide increased only in the 
HA patients (from 159 (sp 31) to 215 (38) pg mI" 
on day 2). Plasma concentrations of 6-keto- 
prostaglandin Fia decreased significantly only in 
the HES sepsis patients (from 112 (25) to 47 (15) 
pg ml"). (Br. J. Anaesth. 1996;77:480-487) 
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There are various conditions such as shock, ischae- 
mia, trauma and sepsis that exhibit flow alterations 
which are inadequate for tissue needs’. Various circu- 
lating vasoactive substances and inflammatory me- 
diators are important in reducing perfusion in this 
situation. Activation of the sympathetic nervous sys- 
tem is a compensatory mechanism to maintain 
peripheral perfusion. Although this neurohumoral 
activation is beneficial at first, this mechanism 
becomes deleterious and may be involved in the poor 
outcome of the critically il. Recent evidence 
suggests that the endothelium functions not only as a 
passive barrier between circulating blood and tissue, 
but may also be involved in the regulation of micro- 
circulatory blood flow by producing important regu- 
lators of vascular tone (e.g. prostaglandins, nitric 
oxide (NO), endothelins, angiotensin ID’. Thus 
regional regulation of blood flow is a balance 
between systemic (central) mechanisms (e.g. auto- 
nomic nervous system) and other circulating or 
locally active blood flow regulators. 

One approach to improve perfusion in the critically 
ill is the use of adequate volume replacement. It is 
necessary not only to guarantee an adequate haemo- 
dynamic state but also to avoid microcirculatory 
abnormalities. Restoration of flow is an essential key 
for avoiding tissue ischaemia and subsequent devel- 
opment of multiple organ failure (MOF)*. Points of 
controversy in this area appear to be which type of 
solution is best suited to avoiding the sequelae of 
trauma or sepsis’®. This controversy refers not only 
to the crystalloid/colloid debate, but has been 
widened in recent years to include a colloid/colloid 
debate as synthetic colloids (e.g. hydroxyethylstarch 
solutions) have proved to be of benefit for volume 
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Volume therapy and regulators of the circulation 


therapy in this situation’. In spite of higher costs, 
human albumin solutions are still used widely in sev- 
eral centres. Most studies have compared only the 
short-term effects of volume infusion’, and evalua- 
tion of the efficacy of various volume replacement 
regimens is not possible with this design. Serial data 
on the effects of long-term volume therapy with dif- 
ferent solutions on regulators of the circulation in the 
critically ill are lacking. This study was designed to 
investigate if the type of volume replacement (human 
albumin vs hydroxyethylstarch) influences plasma 
concentrations of regulators of the circulation. 


Patients and methods 


After obtaining approval from the Ethics Study 
Board of the hospital and informed consent from 
closest relatives, we studied 56 patients from our sur- 
gical intensive care unit (CU). Twenty-eight con- 
secutive trauma patients with an injury severity score 
ASSY >15 points and 28 patients with sepsis 
secondary to major surgery (non-trauma, non- 
cardiovascular, non-neurosurgery) were prospec- 
tively included. Sepsis was defined using the 
guidelines of the American College of Chest 
Physicians/Society of Critical Care Medicine Con- 
sensus Conference (ACCP/SCCM)”", that is more 
than one of the following criteria: (1) temperature 
>38 °C or <36 °C; (2) heart rate <90 beat min’; (3) 
tachypnoea manifested by ventilatory frequency <20 
bpm or Paco, <4.3 kPa; (4) alteration in white blood 
cell count (>12 000 ml", <4000 ml’, >10% 
immature neutrophils). Patients with renal insuffi- 
ciency (serum creatinine >2.0 mg dl’; blood urea 
nitrogen >150 mg dl’; urine output <20 ml h’ in 
spite of diuretic therapy with frusemide), severe liver 
dysfunction or disseminated intravascular coagula- 
tion were excluded. All patients were haemodynami- 
cally stable (mean arterial pressure >70 mm Hg, car- 
diac index >2.00 litre min’ m”) before inclusion in 
the study. The time between surgery and start of the 
study was more than 12 h. None of the patients was 
in septic shock before the beginning of the study. 

All patients continuously received a mixture of 
fentanyl and midazolam, and all were receiving con- 
trolled mechanical ventilation. Fig, and ventilatory 
patterns were adjusted to maintain Pag, at 13.33-20 
kPa and Paco, at 5.0-6.4 kPa throughout the study. 

Prospectively, patients were allocated randomly to 
one of the following groups: in group I, volume 
therapy was carried out using 10% low-molecular 
weight hydroxyethylstarch (HES) solution (mean 
molecular weight: 200 000 Da, degree of substitution 
0.5 CHES-trauma, n=14; HES-sepsis, n=14); group 
H, 20% human albumin (HA) was infused for 
volume therapy (HA-trauma, n=14; HA-sepsis, 
n=14). 

According to the design of the study, fluid was 
infused to maintain pulmonary capillary wedge pres- 
sure (PCWP) at 10-15 mm Hg. Banked blood cells 
(RBC) were transfused when haemoglobin (Hb) was 
<9 g dl’, fresh frozen plasma (FFP) was given only to 
maintain haemostasis (prothrombin time <50%; 
fibrinogen <2 g litre’) and platelet concentrations 
were infused when platelet count was <30x10° litre’. 
Crystalloids (Ringer’s solution) were given to all 


481 


patients to compensate for fluid loss by sweating, 
gastric tubes, extensive urine output and as a solvent 
for drugs (e.g. antibiotics). 

Dopamine was given in a renal dose of 3 pg kg" 
min” to all patients. Adrenaline was given when 
mean arterial pressure (MAP) was <60 mm Hg and 
cardiac index (CI) was <2.25 litre min’ m”. 
Noradrenaline was administered when MAP was 
<60 mm Hg and systemic vascular resistance (SVR) 
was <600 dyn s” cm” (target: MAP >70 mm Hg). All 
additional therapy (parenteral feeding, antibiotics, 
pharmacological support, ventilation) was performed 
according to our standard procedure of management 
of intensive care patients by physicians who were not 
involved in the study and who were blinded to the 
grouping of the patients (HA vs HES). 

Heart rate CHR), MAP, pulmonary capillary wedge 
pressure (PCWP) and CI (by the thermodilution 
technique) were monitored in all patients. 

Arterial blood samples were obtained from an ind- 
welling arterial cannula and plasma was separated 
immediately and stored at —30 °C. Endothelin-1 
(ET-1) was measured by radioimmunoassay (RIA; 
Biocode, Sclessin, Belgium)". Sensitivity of the test 
kit is 0.5 pg ml’; cross reactivity with endothelin-1 is 
100%, endothelin-2 34%, endothelin-3 64%, big- 
endothelin 2% and other vasoactive peptides (e.g. 
angiotensin I and II, bradykinin, atrial natriuretic 
peptide) <0.1%. Vasopressin (by RIA; Instar Corp., 
Stillwater, MN, USA”), atrial natriuretic peptide 
(ANP) (by RIA; Instar Corp.”), catecholamine 
plasma concentrations (adrenaline and noradrena- 
line by high-pressure liquid chromatography with 
combined electrochemical detection), and 
6-ketoprostaglandin F,, (the stable but inactive end- 
product of prostaglandin I, (prostacyclin), using a 
commercially available enzyme immunoassay kit 
(TiterZyme, PerSeptive Diagnostics, Cambridge, 
MA, USA))" were measured from plasma within 2 
months after blood sampling. All data are means of 
duplicate measurements, and data were obtained by 
one investigator who was blinded to the patients 
(trauma/sepsis) and their grouping (HA/HES). 
When data differed by more than 10%, the 
measurement was repeated and the mean value 
calculated. 

Gastric intramucosal pH (pH,) was measured using a 
nasogastric tube (Ionometer, Tonometrics, Worcester, 
MA, USA). An equilibration time of 60 min was used, 
and pH, was measured according to the guidelines of 
the manufacturer. Gastric pH, was calculated using the 
Henderson—Hasselbalch equation”. 

Liver function was assessed using the monoethyl- 
glycinexylidide (MEGX) test. MEGX was measured 
from arterial blood samples by high-pressure liquid 
chromatography before and 15 min after lignocaine 1 
mg kg” i.v.“. An MEGX plasma concentration of 
<50 ng ml‘ was taken as indicating abnormal liver 
function. 

All measurements were carried out on the day of 
admission (traumatized patients) or on the day of 
sepsis diagnosis (baseline values) and continued for 
the following 5 days at 12:00. 

All variables are expressed as mean (sp). Groups 
were compared using the Mann-Whitney U test. 
One- and two-way analysis of variance (ANOVA) 
with repeated measures (including Scheffé’s test) 
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Table 1 Patient characteristics and data from intensive care management (mean (sD or range) or number). HES = hydroxyethylstarch 
solution; HA = human albumin; ISS = injury severity score. * P < 0.05 compared with corresponding group 


HES-trauma (n=14) 


Age (yr) 40.9 (22-55) 
Weight (kg) 75.1 (10.9) 
Type of surgery 
Bone 14 
Abdominal 6 
Thoracic 3 
Combined — 
Non-survival (71) 
During the study 2 
After the study 1 
Scoring at baseline 
ISS 23.0 (4.9) 
APACHE II 15.9 (2.8) 
Catecholamine support (n) 
Adrenaline (ug min™') 2 (4-6) 
Noradrenaline (ug min“) 1 (5-10) 
Dopamine (ug min`’) 14 (200-300) 


were used to determine the effects of group, time and 
group-—time interactions for each variable. P<0.05 
was considered significant. 


Results 


Patients in the two subgroups (trauma/sepsis) were 
similar in characteristics and intensive care therapy 
(table 1). ISS, APACHE II score and outcome were 
similar in the corresponding groups. The number of 
patients who died during (early non-survivors) and 
after (late non-survivors) the study was comparable 
in the corresponding volume groups (trauma/sepsis) 
(table 1). All of these patients died from multiple 
organ dysfunction syndrome (MODS). Use of blood, 
FFP, amount of crystalloids and fluid balance did not 
differ between the groups (table 2). In both trauma 
and sepsis patients, significantly more HES than HA 


HA-trauma (n=14)  HES-sepsis (n=14)  HA-sepsis (n=14) 


37.2 (19-60) 62.1 (45-71)* 62.3 (51-70)* 
78.8 (11.1) 73.3 (10.5) 79.3 (11.9) 
14 = = 

5 10 9 

2 2 3 

1 3 3 

3 4 4 

z 2 3 

22.1 (5.4) a = 

16.8 (3.1) 21.1 (3.6)* 20.3 (3.9)* 

3 (5-10) 11 (5-15) 12 (5-20) 

2 (5-10) 6 (5-15) 7 (5-15) 

14 (200-280) 14 (220-290) 14 (210-300) 


was infused during the study (table 2). HES costs 
approximately £9 per 500 ml whereas HA costs 
approximately £45 per 100 ml. Volume replacement 
with HA was significantly more costly than with HES 
(cumulative costs: HES-trauma, £77 (13); HES- 
sepsis, £70 (13); HA-trauma, £936 (156); HA- 
sepsis, £869 (200)). Catecholamine support was 
necessary more often and in higher doses in the sep- 
sis compared with the trauma patients, but there 
were no differences between the two sepsis groups. 
Blood and urine electrolyte concentrations, haemo- 
globin, temperature and renal function did not differ 
significantly between the two corresponding groups. 

MAP, HR, PCWP, CI and pulmonary function 
(Pao,/Fig,) at baseline did not differ in the trauma 
and sepsis groups (table 3). CI increased significantly 
more in HES- than in HA-treated patients (table 3). 


Table 2 APACHE L score and cumulative volume therapy during the study (mean (sp)). HES = hydroxyethylstarch solution (cost 
approximately £9 per 500 mJ); HA = human albumin (cost approximately £45 per 100 ml); crystalloids = all crystalloid solutions; PRC = 
packed red blood cells; FFP = fresh frozen plasma. * P < 0.05 different from other groups 


Baseline Day 1 Day 2 Day 3 Day 4 Day 5 


APACHE I score (points) HES-trauma 15.9 (2.8) 16.4 (2.9) 16.0 (2.9) 13.9 (2.9) 14.1 (2.7) 14.8 (2.8) 
HA-trauma 16.8 (3.1) 17.2 (2.5) 17.1 (4.1) 15.0 (2.3) 15.1 (2.4) 14.5 (2.1) 
HES-sepsis 21.1 (3.6) 22.0 (3.1) 20.3 (3.3) 19.0 (2.3) 15.1 (3.3) 15.0 (2.7) 
HA-sepsis 20.2 (3.9) 21.9 (3.9) 22.4 (3.0) 20.1 (3.1) 17.2 (4.2) 18.3 (3.4) 


HES (ml) (cumulative) HES-trauma — 1050 (200) 1700 (400) 2600 (500) 3650 (550) 4300 (750) 
HES-sepsis — 800 (200) 1750 (450) 2650 (650) 3050 (500) 3950 (750) 

HA (ml) (cumulative) HA-trauma — 600 (200) 950 (250) 1350 (250) 1900 (400) 2100 (350) 
HA-sepsis — 450 (150) 800 (250) 1250 (300) 1550 (350) 1950 (400) 

Crystalloids (litre) (cumulative) HES-trauma — 3.0 (0.8) 4.5 (1.5) 8.5 (2.0) 11.0 (3.0) 14.5 (4.5) 
HA-trauma — 2.5 (1.0) 5.0 (2.0) 9.0 (2.5) 12.5 (3.5) 15.3 (3.5) 
HES-sepsis — 3.8 (1.2) 6.3 (1.3) 10.5 (3.5) 12.5 (3.5) 15.9 (2.5) 
HA-sepsis — 3.2 (0.9) 7.0 (2.2) 10.3 (2.5) 13.0 (4.8) 16.6 (3.0) 

PRBC (no. patients/no. units) HES-trauma — 11/25 6/15 5/10 4/12 3/8 
HA-trauma = 10/22 7/14 4/15 3/10 3/10 
HES-sepsis — 6/10 4/10 4/8 2/4 2/4 
HA-sepsis — 4/13 3/12 4/8 2/6 3/4 

FFP (no. patients/no. units) HES-trauma — 5/12 2/6 4/10 3/4 2/4 
HA-trauma — 5/11 3/6 3/12 2/8 2/4 
HES-sepsis — 4/14 3/10 2/8 2/8 2/6 
HA-sepsis — 4/15 3/9 2/4 2/9 2/4 
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Figure 1 Changes in plasma concentrations of vasopressin 
(normal range <3.0 pg ml") in the trauma and sepsis patients 
after administration of HES (W) or albumin (O). B=Baseline. 
+P<0.05 compared with baseline; *P<0.05 compared with 
corresponding volume group. 


Pao, /Fio, increased in the trauma and sepsis groups in 
which was infused, whereas it was almost 
unchanged in the albumin-treated patients, being 
significantly different compared with the corresponding 
HES-group at the end of the study (table 3). 

At baseline, plasma concentrations of MEGX were 
significantly lower in sepsis than in trauma patients 
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Figure2 Changes in plasma concentrations of endothelin-1 
(normal range <3 pg mI’) in the trauma and sepsis patients after 
administration of HES (W) or albumin (©). B=Baseline. +P<0.05 
compared with baseline; *P<0.05 compared with corresponding 
volume group. 


(table 3). In the trauma patients, they remained 
almost unchanged and did not differ between the two 
groups. In the sepsis patients, plasma concentration 
of MEGX increased earlier in HES- than in 
HA-treated patients (table 3). 

pH, did not differ in the trauma patients through- 
out the study (table 3). In the sepsis patients it was 


Table 3 Mean arterial pressure (MAP), pulmonary capillary wedge pressure (PCWP), cardiac index (CI), monoethylglycinexylidide 
(MEGX) test and intramucosal pH (pH) in the different groups (mean (sp)). | P < 0.05 compared with baseline value; * P < 0.05 


compared with corresponding group 





Baseline Day 1 
MAP (mm Hg) HES-trauma 70.9 (10.1) 80.2 (12.1) 
HA-trauma 72.1 (11.1) 80.1 (10.5) 
HES-sepsis 70.1 (9.6) 74.3 (9.7) 
HA-sepsis 77.9 (10.1) 77.1 G11) 
PCWP (mm Hg) HES-trauma 11 (2) 14 (3) 
HA-trauma 10 (2) 13 (3) 
HES-sepsis 10 (3) 14 (2) 
HA-sepsis 10 (2) 14 (2) 
CI (litre min’ m°) HES-trauma 3.33 (0.5) 4.65 (0.5)t* 
HA-trauma 3.25 (0.4) 4.01 (0.7) 
HES-sepsis 4.01 (0.7) 5.52 (0.7)t* 
HA-sepsis 3.87 (0.6) 4.11 (0.6) 
Pao,/Fio, (am Hg) HES-trauma 275 (79) 338 (63) 
HA-trauma 257 (65) 322 (45) 
HES-sepsis 239 (66) 265 (56) 
HA-sepsis 234 (80) 267 (64) 
MEGX (ng mI) HES-trauma 55.0 (19.2) 62.4 (18.8) 
HA-trauma 59.9 (21.9) 54.5 (16.6) 
HES-sepsis 29.3 (14.3) 33.5 (15.5) 
HA-sepsis 27.0 (12.3) 24.9 (12.7) 
pH; HES-trauma 7.37 (0.14) 7.40 (0.13) 
HA-trauma 7.36 (0.11) 7.38 (0.14) 
HES-sepsis 7.25 (0.14) 7.33 (0.13) 
HA-sepsis 7.27 (0.12) 7.30 (0.12) 





Day 2 


78.9 (10.3) 
80.2 (11.1) 
79.3 (11.2) 
76.4 (11.2) 
14 (2) 

13 (3) 

14 (2) 

13 (3) 

4.76 (0.4)t* 
4.02 (0.6) 
5.32 (0.6)t* 
4.05 (0.8) 
326 (66) 
321 (85) 
299 (59) 
250 (79) 
64.6 (20.1) 
53.4 (16.6) 
47.9 (14.9)}* 
33.3 (16.6) 
7.46 (0.12) 
7.40 (0.15) 
7.41 (0.16)}* 
7.25 (0.16) 


Day 3 


79.1 (12.0) 
80.2 (11.0) 
80.0 (12.6) 
77.4 (9.6) 
14 (3) 

14 (3) 

14 (3) 

13 (3) 

4.65 (0.5)+* 
4.26 (0.6) 
5.54 (0.7) t* 
4.03 (0.6) 
327 (81) 
319 (61) 
309 (67) 
230 (50) 
64.5 (15.7) 
56.6 (22.2) 
49.5 (18.9)}* 
34.4 (13.3) 
7.45 (0.11) 
7.39 (0.14) 
7.42 (0.16)+* 
7.26 (0.15) 





Day 4 


80.1 (12.2) 
78.1 (9.8) 
80.2 (12.8) 
77.0 (12.1) 
14 (3) 

13 (2) 

15 (3) 

14 (2) 

4.60 (0.6)}* 
4.02 (0.7) 
5.77 (0.7)+* 
4.39 (0.7) 
355 (67)* 
284 (67) 
343 (62)* 
252 (65) 
57.5 (18.0) 
56.0 (16.3) 
49.4 (8.9)t* 
44.0 (13.1)}* 
7.43 (0.11) 
7.41 (0.15) 
7.48 (0.14)}* 
7.28 (0.12) 


Day 5 


80.2 (9.8) 
78.2 (11.1) 
82.1 (11.5) 
79.2 (12.5) 
14 (2) 

15 (2) 

14 (1) 

15 (2) 

4.35 (0.5)¢ 
4.11 (0.4) 
5.79 (0.9)+* 
4.77 (0.7) 
352 (67)* 
289 (66) 
337 (56)* 
256 (49) 
55.4 (16.5) 
56.9 (16.0) 
49.6 (14.5)t 
48.7 (15.2)t 
7.39 (0.13) 
7.41 (0.15) 
7.46 (0.15)t* 
7.26 (0.10) 
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Figure 3 Changes in plasma concentrations of adrenaline 
(normal range 30-85 pg mI") in the trauma and sepsis patients 
after administration of HES (W) or albumin (O). B=Baseline. 
+P<0.05 compared with baseline; *P<0.05 compared with 
corresponding volume group. 


similar at baseline (<7.30) and increased only in the 
HES group (to 7.48). 

Vasopressin plasma concentrations were increased at 
baseline in all patients (>3.0 pg ml") (fig. 1). 
Concentrations decreased to almost normal values in 
HES-treated patients but remained increased in both 
albumin groups. ET-1 plasma concentrations were 
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Figure 5 Changes in plasma concentrations of atrial natriuretic 
peptide (ANP) (normal values 20-100 pg ml") in the trauma and 
sepsis patients after administration of HES (W) or albumin (O). 
B=Baseline. }P<0.05 compared with baseline; *P<0.05 
compared with corresponding volume group. 


British Journal of Anaesthesia 


600 Trauma 








Noradrenaline (pg mI") 








Day 
Figure 4 Changes in plasma concentrations of noradrenaline 
(normal range 180-250 pg ml") in the trauma and sepsis patients 
after administration of HES (W) or albumin (©). B=Baseline. 
+P<0.05 compared with baseline; *P<0.05 compared with 
corresponding volume group. 


within the normal range in trauma patients and did not 
differ between the two groups (fig. 2). In the sepsis 
patients, ET-1 plasma concentrations decreased in the 
HES group being significantly lower than in the 
albumin-treated patients at the end of the investigation. 

Plasma concentrations of adrenaline and nor- 
adrenaline decreased similarly in all trauma patients 
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Figure 6 Changes in plasma concentrations of 6-keto- 
prostaglandin F,„ (normal range <30 pg mI") in the trauma and 
sepsis patients after administration of HES (W) or albumin (O). 

=Baseline. ¢P<0.05 compared with baseline; *P<0.05 
compared with corresponding volume group. 


Volume therapy and regulators of the circulation 


(P<0.05) (figs 3, 4). In the sepsis patients, concentra- 
tions decreased significantly only in the HES group 
until the end of the study. In the albumin group, 
adrenaline increased, whereas noradrenaline re- 
mained unchanged during the study. Atrial natriu- 
retic factor increased similarly to greater than normal 
values in both sepsis groups and did not reach 
normal values at the end of the study (fig. 5). In the 
albumin group, plasma concentrations were in- 
creased at the start of the study and increased further 
(215.5 (38.9) pg ml" on day 2), whereas they were 
decreased in HES patients (131.3 (28.8) pg ml’ 
on day 5). Plasma concentrations of 6-keto- 
prostaglandin F,, did not differ in the trauma groups 
(fig. 6). In the sepsis patients, concentrations 
decreased more in the HES group (from 112 (25) to 
47 (15) pg ml") (P<0.05 vs HA-patients). 


Discussion 

Both trauma and sepsis may impair vasoregulation 
which is needed to control the distribution of cardiac 
output. Current evidence suggests that systemic and 
endothelial-derived mediators generated in critical 
illness may precipitate or sustain disturbances in 
tissue blood supply. Microcirculatory disturbances 
appear to be of major importance for the develop- 
ment of, and progression in the pathophysiology of 
shock or the evolution of MOF*. In this situation, 
volume infusion is known to be therapeutic. One 
important objective of fluid therapy is to restore or 
guarantee tissue perfusion. Whether one fluid is 
better than another may be a result of different 
experimental designs and end-points of volume 
therapy. To understand the effects of varying fluid 
management it is necessary not to limit the investiga- 
tion to a specific number of hours after single volume 
infusion. Thus we studied the effects of two different 
volume therapy regimens over a period of 5 days. 

In our sepsis patients, plasma concentrations of 
important regulators of the macro- and microcircula- 
tion were significantly more altered than in our 
trauma groups. Vasopressin, ET1, adrenaline and 
noradrenaline plasma concentrations exceeded the 
normal range at baseline. The increased concentra- 
tions of these potent vasoconstrictors may cause 
microcirculatory alterations, inadequate perfusion 
and ultimately tissue damage. This compensatory 
activation of the vasopressor systems is beneficial at 
first, but may become deleterious. It may result in 
splanchnic vasoconstriction, although there is a 
marked increase in the need for oxygen delivery in 
this situation”. In this study, pH; differed between 
our sepsis (<7.30) and trauma (>7.35) patients, 
indicating alteration in splanchnic perfusion in 
sepsis. Also the MEGX test was reduced below the 
normal range (<50 ng ml”) in our sepsis patients, 
indicating altered hepatic function, possibly because 
of perfusion deficits. The increased plasma concen- 
trations of potent systemic and local vasodilators 
(ANP and 6-keto-prostaglandin F,,) in our sepsis 
patients may be regarded as a compensatory reaction 
to activation of the vasopressor systems. 

ET-1 represents an extremely potent vasoconstric- 
tor, which may play an important role in (regional) 
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blood flow regulation”. ET-1 is released by patho- 
physiological states that are characterized by limita- 
tion of cardiac output or hypotension. Moreover, 
endotoxin directly stimulates ET-1 release in vivo and 
in vitro”. In sepsis patients, the greatest severity of 
disease paralleled the highest concentration of 
ET-1”. One problem with measurement of ET-1 
from plasma samples is that it does not represent the 
actual local concentration, but appears to be a “spill 
over” of endothelin released by the endothelium. 

The sympathetic nervous system is activated in the 
critically ill”. The increased plasma concentrations of 
catecholamines in this study reflected this activation. 
The higher plasma concentrations in our sepsis 
patients may also be related to the higher catechol- 
amine support in these patients. However, inotropic 
support (adrenaline) and vasopressor therapy (nor- 
adrenaline) did not differ in our sepsis groups and 
thus cannot explain the differences between the two 
volume groups. ANP plays an important role in the 
regulation of arterial pressure and volume homeosta- 
sis. Plasma concentrations of ANP were reported to 
be increased significantly from normal in sepsis 
patients, particularly in combination with acute 
respiratory failure”. Nakae and colleagues“ showed 
that 6-keto-prostaglandin F,, was higher in sepsis 
patients who died than in those who survived, and it 
may serve as a marker of illness severity. 

It has been shown from animal and human studies 
that adrenaline stimulates ANP secretion”, by which 
negative effects on the (micro-) circulation of 
adrenaline may be compensated. ET-1 may stimulate 
the release of catecholamines and renin”, thus possi- 
bly contributing to vasconstriction and reduced 
blood flow at the microcirculatory level. In contrast, 
ET increased circulating ANP in dogs and ANP acts 
as a potent inhibitor of ET synthesis. Thus ANP may 
function as a negative feedback regulator of ET’ and 
the vasoconstrictive actions of endothelin are op- 
posed by this vasodilator”. Also, prostaglandin 
synthesis was shown to be increased by adrenaline”, 
by which counter regulatory vasodilatation may be 
induced. 

In our trauma patients, the choice of volume 
therapy did not influence either the measured 
regulators of the circulation, pH; or the MEGX test. 
This implies that volume therapy with 20% HA in 
these patients can be replaced easily by HES. In our 
sepsis patients, however, long-term volume therapy 
for 5 days with hydroxethylstarch solution resulted in 
a more beneficial influence overall on these regula- 
tors than infusion of albumin. pH; and the MEGX 
test improved also more markedly in the HES than in 
the HA group. As monitoring of pH; has been shown 
to be an excellent indicator of changes in splanchnic 
perfusion’ ’, improved splanchnic perfusion may be 
assumed in HES patients. We used the MEGX test in 
this study to assess hepatic function because it was 
demonstrated in animal experiments that this test is a 
suitable tool for clinical evaluation and therapeutic 
interventions after hypovolaemic shock“. The in- 
crease in MEGX plasma concentrations in our sepsis 
patients treated with HES solution indicated com- 
pensation of possible hepatic perfusion deficits. 
Overall, HES-treated patients also showed better 
oxygenation than HA-treated patients. This may 
result from either improved microcirculation in the 
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pulmonary circulation or from less shift of fluid from 
the intravascular to the interstitial space resulting in 
less extravascular lung water (EVLW). 

The reasons for these differences between the two 
volume regimens can only be speculative at present; 
although fluid balance and PCWP did not differ 
significantly between the corresponding groups 
throughout the study, higher preload with subsequent 
improved systemic perfusion (increased CI) in the HES 
groups cannot be excluded as a reason for the reduction 
in circulating vasopressors. Beneficial rheological ef- 
fects secondary to the HES solution may have 
improved the microcirculation and tissue perfusion and 
may thus have resulted in less activation of vasopressor 
systems. Direct effects on endothelial cells may also 
have played a role; 10% pentastarch (a comparable 
low-molecular weight HES preparation) may have 
influenced directly endothelial function, for example by 
beneficially altering endothelial cell integrity by oxygen 
free radical scavenging or by stabilizing fragile cell 
membranes”. In an experimental setting, Schmand and 
colleagues” found that in a group of animals which had 
received HES solution for volume replacement, circu- 
lating interleukin-6 (IL-6) concentrations were normal- 
ized. This is of great interest as IL-6 may be detrimen- 
tal to host immune function and thus may also be 
involved in (micro-) circulatory abnormalities. 

Changes in pulmonary function, pH; and liver 
function (assessed by the MEGX test) were influ- 
enced more beneficially in those patients in whom 
HES was infused in comparison with HA-treated 
patients, Survival rate during the study and thereafter 
was similar in the two groups. Effective fluid therapy 
appears to be the mainstay of managing the critically 
ill; however, it was not the aim of this study to clarify 
if the choice of fluid has an impact on patient 
outcome. Large studies with considerable numbers 
of patients must be undertaken to fully evaluate the 
influence of volume regimen on outcome. 
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Potency and time course of action of rocuronium during desflurane 


and isoflurane anaesthesia 


N. Kumar, R. K. Miraxuur, M. J. J. SYMINGTON AND G. J. MCCARTHY 


Summary 

We have studied the potency and onset and 
duration of action of rocuronium in patients 
anaesthetized with 1 MAC of desflurane or 
isoflurane (in 66% nitrous oxide). Potency was 
estimated using the single bolus dose technique. 
Neuromuscular block was measured by stimula- 
tion of the ulnar nerve and recording the force of 
contraction of the adductor pollicis muscle. The 
EDgo and EDgs of rocuronium were estimated as 
138 (95% confidence limits 117-162) ug kg" and 
281 (241-328) ug kg", and 126 (105-151) pg kg" 
and 283 (236-339) g kg“ during desflurane and 
isoflurane anaesthesia, respectively. The mean 
times to onset of maximum block after rocuro- 
nium 0.6 mg kg” were 1.0 (sp 0.10) min and 1.1 
(0.15) min, respectively, during anaesthesia with 
desflurane and isoflurane. The respective times 
to recovery of T1 (the first response in the train- 
of-four (TOF) stimulation) to 25% and 90% were 
36 (8.3) min and 54 (15.4) min during desflurane 
anaesthesia and 31 (8.2) min and 45 (12.7) min 
during isoflurane anaesthesia. The times to 
recovery of the TOF ratio to 0.7 were 66 (13.4) 
min and 52 (16.3) min and the 25-75% recovery 
indices 14 (5.3) min and 10 (3.2) min, respec- 
tively, in the desflurane and isoflurane groups. 
There were no differences in the estimated 
potency or onset of action of rocuronium during 
desflurane and isoflurane anaesthesia. However, 
duration of action tended to be longer during 
desflurane anaesthesia although only the differ- 
ences in times to TOF ratio of 0.7 and the recov- 
ery indices were close to being significantly 
different (P=0.0503 and 0.0560). (Br. J. Anaesth. 
1996;77:488-491) 


Key words 


Neuromuscular block, rocuronium. Anaesthetics volatile, 
desflurane. Anaesthetics volatile, isoflurane. Neuromuscular 
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Desflurane is a new volatile agent with a low 
blood-gas solubility giving it the properties of rapid 
uptake and elimination’. Rocuronium is a newer 
aminosteroid non-depolarizing neuromuscular 
blocker with a rapid onset and intermediate duration 
of action’’. Although there are some reports of inter- 
action of neuromuscular blockers with desflurane**, 
this is not known for rocuronium. Most of these 
studies have involved studying the effects of only sin- 


gle doses of neuromuscular blockers. This study was 
undertaken to compare the potency and time course 
of action of rocuronium during anaesthesia with des- 
flurane or isoflurane. 


Patients and methods 


We studied 68 patients, aged 18-65 yr, ASA I or I, 
with their written informed consent and approval of 
the Research Ethics Committee. Exclusion criteria 
were body weight greater or less than 30% of ideal for 
height and patients receiving medication known to 
interact with neuromuscular blocking drugs. 

After premedication with temazepam 10-20 mg, 
anaesthesia was induced with fentanyl 2 pg kg’ and 
propofol 2-3 mg kg", and maintained with either iso- 
flurane or desflurane and 66% nitrous oxide in 
oxygen, based on a computer-generated randomiza- 
tion scheme. Ventilation of the lungs was assisted to 
maintain normocapnia and skin temperature over the 
adductor pollicis was maintained greater than 32 °C. 
End-tidal concentration of volatile agent was moni- 
tored using the Ohmeda 5250 respiratory gas moni- 
tor and stabilized at 1 MAC (adjusted for age and 
concomitant use of nitrous oxide; 4% and 2.8% des- 
flurane, and 0.56% and 0.5% isoflurane for those 
aged 18-30 yr and 31-65 yr, respectively)’’. 

Heart rate, arterial pressure and oxygen saturation 
were monitored in a standard way. The ulnar nerve 
was stimulated transcutaneously at the wrist with 
supramaximal stimuli of 0.2 ms duration in a single 
twitch mode at 0.1 Hz for potency estimation and in 
a train-of-four (TOF) mode at 2 Hz every 12 s for the 
onset and duration of action part of the study. The 
resultant force of contraction of the adductor pollicis 
muscle was recorded using a force displacement 
transducer and neuromuscular function analyser 
(Myograph 2000, Biometer Ltd, Denmark). Baseline 
neuromuscular responses were allowed to stabilize at 
the same time as the end-tidal concentration of the 
volatile agent was being stabilized over a period of 
about 10 min. 

We studied 48 patients for estimation of potency 
using the single bolus technique, described in previ- 
ous studies and preferred for neuromuscular block- 
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Desflurane and rocuronium 


ers with intermediate duration of action?”. Twelve 
patients each (six for desflurane and six for 
isoflurane) were allocated randomly to receive 
rocuronium 75, 150, 225 or 300 pg kg’. Maximum 
block attained with each dose was recorded and the 
study terminated. Subsequently, anaesthesia was car- 
ried out as appropriate for surgical needs. Twitch 
height data were subjected to arc-sine transforma- 
tion". Dose-response curves were constructed using 
least squares regression analysis and subjected to 
analysis of covariance. EDs, and EDs, (doses 
required to produce 50% and 95% depression of 
twitch response, respectively) were estimated from 
the results. 

A separate group of 20 patients (10 each in the 
desflurane and isoflurane groups) anaesthetized in 
the same way as above was studied to measure the 
onset and duration of action of rocuronium 0.6 mg 
kg". The variables recorded were onset time (time 
from drug administration to maximum effect), and 
times to recovery of T1 to 25% and 90% of control, 

. and of the TOF ratio to 0.7. The results of this part 
of the study were analysed using the t test. P<0.05 
was considered significant. 


Results 

The groups were comparable in age, weight, height 
and sex distribution (table 1). Mean maximum 
twitch depression attained with each dose of rocuro~ 
nium is given in table 2; mean values ranged from 
14% and 25% with desflurane and isoflurane, 
respectively, with a dose of rocuronium 75 pg kg", to 
97% and 99% with the 300-ug kg" dose. The degree 
of block was dose-related but the difference between 
groups for each of the doses was not significant. 

The dose-response curves (fig. 1) did not differ in 
their slopes or intercepts. The calculated ED.) and 
EDg,; values are given in table 3. These were similar 
and almost identical: 138 (95% confidence intervals 
117-162) ug kg" and 126 (105-151) pg kg", and 281 
(241-328) and 283 (236-339) pg kg", respectively, 
during desflurane and isoflurane anaesthesia. 

The times for onset and duration of action of 
rocuronium 0.6 mg kg" are given in table 4. Onset 
times were 1 and 1.1 min in the desflurane and 
isoflurane groups, respectively (ns). Times to 25% 
recovery of T1 were 36 and 31 min, to T1 of 90% 54 
and 45 min, and to TOF ratio of 0.7, 66 and 52 min 
in the desflurane and isoflurane groups, respectively. 
The 25-75% recovery indices were 14 and 10 min, 


Table 1 Patient data (mean (sp or range) or number) 


Desflurane Isoflurane 

Potency estimation 

n 24 24 

Age (yr) 33 (20-60) 34 (18-51) 

Weight (kg) 68 (8.3) 68 (6.6) 

Height (cm) 170 (9.4) 168 (5.5) 

Sex (M/F) 13/11 12/12 
Onset and duration of action 

n 10 10 

Age (yr) 33 (21-55) 32 (20-52) 

Weight (kg) 67 (14.3) 68 (12.8) 

Height (cm) 165 (9.1) 166 (8.7) 


Sex (M/F) 6/4 7/3 
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Table 2 Maximum block attained with different doses of 
rocuronium (mean (sp)) 
Rocuronium (ug kg) Desflurane Isoflurane 
75 14 (9.0) 25 (15.1) 
150 61 (9.2) 47 (22.5) 
225 75 (26.5) 80 (8.6) 
300 97 (1.5) 99 (1.5) 
95 
g 50 
x 
O 
2 
oO 
T T TT] 
100 200 300 500 
Dose (ug kg’) 2 


Figure 1 Dose-responses for rocuronium during anaesthesia 
with 1 MAC of desflurane (A) and 1 MAC of isoflurane (@). 
Individual points represent mean (sD). 


Table 3 EDs, and ED,, values (95% confidence intervals) for 
rocuronium during desflurane and isoflurane anaesthesia 


Desflurane Tsoflurane 
EDs Gig ke") 138 (117-162) 126 (105-151) 
ED», (ug kg”) 281 (241-328) 283 (236-339) 


respectively, in the desflurane and isoflurane groups. 
Although recovery times to all end-points were 
longer in the desflurane group, only the times for 
TOF ratios to reach 0.7 and T1 25-75% were close 
to being significantly different (P=0.0503 and 
0.0560, respectively). 


Discussion 


We found no significant difference in the apparent 
potency of rocuronium during anaesthesia with 1 
MAC of desflurane or isoflurane. There are no previ- 
ous reports of potency estimation of rocuronium 
during desflurane anaesthesia but the ED,, of 


Table 4 Time (min) to onset and duration of block after 
rocuronium 0.6 mg kg” during desflurane or isoflurane 
anaesthesia (mean (sD))} 





Desflurane Isoflurane P 





Time to maximum block 1.0 (0.1) 1.1 (0.15) 0.0964 
Time to recovery of 
TI to 25% 36 (8.3) 31 (8.2) 0.1921 
T1 to 90% 54 (15.4) 45(12.7) 0.1710 
TOF ratio of 0.7 66 (13.4) 52(16.3) 0.0503 
Recovery index 14 (5.3) 10 (3.2) 0.0560 
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rocuronium during isoflurane anaesthesia in this 
study was similar to that reported by previous 
workers’*"* and was only marginally lower than 
values obtained during nitrous oxide—opioid anaes- 
thesia” '*. 

Onset times after rocuronium 600 pg kg! were 
similar in both groups. These were consistent with 
previously published results in the absence of volatile 
anaesthetics using the TOF mode of stimulation?” 
but were faster than the time of 89 s reported by 
Cooper and colleagues using the single twitch (at 0.1 
Hz) mode of stimulation”. As volatile agents need to 
diffuse into the muscle compartments and as 
penetration is slow, they are unlikely to influence the 
onset of action of neuromuscular blockers. Our 
patients were exposed to the inhalation agents for 10 
min before administration of rocuronium and during 
this time tissue concentrations would be much lower 
than the end-tidal concentration and therefore 
unlikely to affect onset of action (see below). The 
more likely reason for similar onset times with or 
without volatile anaesthetics may be the use of the 
TOF mode of stimulation. It has been shown 
previously that onset time for intermediate duration 
neuromuscular blocking drugs is faster using a TOF 
mode of stimulation*”. 

The clinical duration of action and recovery index 
of rocuronium during isoflurane—nitrous oxide an- 
aesthesia were consistent with other published stud- 
ies“*°, Recovery times to all end-points (including 
recovery index) were longer with desflurane although 
only the times to a TOF ratio of 0.7 and the recovery 
index were close to being significantly different. 
Volatile agents require approximately 30-45 min to 
equilibrate between alveolar, blood and muscle com- 
partments and are therefore less likely to affect the 
onset of block. This was demonstrated in the study of 
Cannon and colleagues who showed that it took 
approximately 45 min to attain steady state block 
after infusion of vecuronium, even with the use of 
volatile anaesthetics”. It is likely therefore that the 
principal effects are on recovery of block. The 
blood-muscle partition coefficient of desflurane is 
2.02 compared with 2.92 for isoflurane”. Therefore, 
equilibration between muscle and end-tidal concen- 
tration may have been more complete for desflurane 
than for isoflurane. This might have increased the 
comparative differences between the muscle partial 
pressures of anaesthetic and accounted for the 
increased duration of action and recovery index seen 
in the desflurane group. Desflurane has also been 
postulated to have a depressant effect at the 
neuromuscular junction both pre- and post- 
junctionally*. The duration of action of rocuronium 
during desflurane anaesthesia may therefore be 
longer than during isoflurane anaesthesia. This was 
an exploratory study based on the hypothesis that 
there would be no difference between the groups and 
a larger study may show significant differences in the 
duration of action of rocuronium during anaesthesia 
with desflurane and isoflurane. 

The results of this study differed from previous 
results with atracurium and mivacurium which 
showed little difference between desflurane and 
isoflurane’”. The difference may be because of the 
unique metabolic pathways of these two latter block- 
ers. In contrast, others have shown that 1 MAC of 
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desflurane and isoflurane had a similar effect on the 
neuromuscular effects of vecuronium’. However, 
they used a Datex Relaxograph to monitor neuro- 
muscular block. This instrument is known to yield 
somewhat different results from those obtained using 
mechanomyography, as used in this study”. In addi- 
tion, these authors measured recovery to only 25% of 
control values. However, our results are in agreement 
with those of Wright and colleagues who observed 
that desflurane produced greater potentiation of the 
effects of vecuronium compared with isoflurane”. 

In summary, this study has demonstrated no 
difference in the estimated potency of rocuronium 
during anaesthesia with 1 MAC of desflurane or iso- 
flurane. The effects of rocuronium 0.6 mg kg” were, 
however, longer during anaesthesia with desflurane. 
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Neuromuscular blocking action of suxamethonium after antagonism of 
vecuronium by edrophonium, pyridostigmine or neostigmine 


N. W. FLEMING, S. MAcrREs, J. F. ANTOGNINI AND J. VENGCO 


Summary 


The reported effects of edrophonium on a 
subsequent dose of suxamethonium are vari- 
able and the effects of pyridostigmine have not 
been evaluated extensively. We have studied 
this interaction in patients anaesthetized with 
propofol and sufentanil. After recovery from an 
initial bolus (1 mg kg") of suxamethonium, 
vecuronium was infused to produce 75% block. 
After 30 min, the infusion was discontinued and 
saline 5 ml, edrophonium 0.75 mg kg", pyri- 
dostigmine 0.24 mg kg“ or neostigmine 0.05 mg 
kg’ was given. Fifteen minutes later the mean 
durations of a second bolus of suxamethonium 
were: 10.5 (sp 3.9) min (saline), 10.9 (3.7) min 
{edrophonium), 18.7 (5.4) min (pyridostigmine) 
and 23.8 (7.4) min (neostigmine). Corresponding 
plasma cholinesterase activities (percentage of 
baseline) were: 91 (18), 87 (9), 21 (10) and 52 (26). 
When both treatment groups and individual 
patients were compared, the changes in dura- 
tion of action did not correlate with changes in 
cholinesterase activity. These data suggest that 
other mechanisms in addition to cholinesterase 
inhibition may contribute to this drug interac- 
tion. (Br. J. Anaesth. 1996;77:492-495) 
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At the end of a surgical procedure there is occasional 
need for urgent short-term neuromuscular block to 
retrieve a misplaced gauze sponge or relieve severe 
laryngospasm. Suxamethonium may be used because 
of its rapid onset and short duration of action. How- 
ever, prior administration of a cholinesterase inhibi- 
tor to antagonize non-depolarizing neuromuscular 
block may prolong the duration of a subsequent dose 
of suxamethonium’. This interaction has been 
demonstrated consistently with pyridostigmine and 
neostigmine’’®, but studies with edrophonium have 
produced variable results ranging from no prolonga- 
tion‘ to slight prolongation’ or increases comparable 
with those produced by pyridostigmine and neostig- 
mine’, 

Because of these inconsistencies, and the absence 
of a single study comparing edrophonium, pyri- 
dostigmine and neostigmine in humans, we have 
investigated the interactions between suxametho- 


nium and each of these cholinesterase inhibitors in 
patients anaesthetized for elective surgery. 


Patients and methods 


After obtaining approval from our Human Subjects 
Review Committee, written informed consent was 
obtained from patients undergoing elective opera- 
tions with an anticipated duration of more than 3 h. 
Patients were excluded if they had any known 
neuromuscular disease, had experienced prolonged 
immobilization or bed rest, or were receiving any 
medications known to interfere with neuromuscular 
function. Patients were premedicated with mida- 
zolam (up to 0.03 mg kg”) i.v. Standard intraopera- 
tive monitors were attached, an antecubital vein was 
cannulated, a blood sample obtained for 
measurement of baseline plasma cholinesterase 
activity, surface stimulating electrodes placed over 
the ulnar nerve at the wrist, and the forearm fixed 
securely in a mechanomyogram holder. The thumb 
was attached to a force transducer (Model FI-10, 
Grass Instruments, West Warwick, RI, USA) and the 
resting tension adjusted to approximately 200 g. After 
preoxygenation, general anaesthesia was induced 
with propofol 1.0-2.5 mg kg’ and sufentanil 
0.25-1.0 ug kg’. The lungs were ventilated with oxy- 
gen or an oxygen—air mixture and general anaesthesia 
was maintained with infusions of propofol 50-250 pg 
kg’ min” and sufentanil 0.004-0.025 pg kg’ min’, 
adjusted as indicated clinically. 

Neuromuscular function was assessed using a 
stimulator (Model S48, Grass Instruments) trigger- 
ing a battery-operated nerve stimulator (Digi Stim IJ, 
Neuro Technology, Houston, TX, USA) and a 
computer-assisted data acquisition and analysis 
system written in the Asyst programming language. 
The ulnar nerve was stimulated every 2 s (single 
pulse, 0.1 ms duration, delivered current 60-75 mA). 
The analogue signal from the transducer was ampli- 
fied (Model C-150 DC amplifier, Astro~-Med, Inc., 
West Warwick, RI, USA) and digitized (100 points at 
333 Hz) using an analogue-to-digital conversion 
board (Model 2801, Data Translations, Inc., Marl- 
boro, MA, USA). Resting tension and peak contrac- 
tile tension were calculated online. Each twitch, and 
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the trend in peak tension over time, were displayed 
on the computer monitor. 

After induction of anaesthesia, manual, controlled 
ventilation was continued for approximately 10 min 
to allow stabilization of the contractile response. 
Suxamethonium 1.0 mg kg’ in normal saline 10 ml 
was infused into the hub of the antecubital catheter 
at a rate of 1 mls‘ with the carrier solution flowing at 
250 ml h“. After the onset of complete neuromuscu- 
lar block, the trachea was intubated. After complete 
recovery from suxamethonium, as demonstrated by 
stable contractile tension for at least 5 min, a loading 
dose of vecuronium was given followed by an 
infusion titrated to maintain approximately 75% 
neuromuscular block. Thirty minutes after the load- 
ing dose of vecuronium, the infusion was discontin- 
ued and glycopyrronium 7 ug kg’ was administered. 
Thirty seconds later, patients received a 5-ml i.v. 
injection containing saline, edrophonium 0.75 mg 
kg", pyridostigmine 0.24 mg kg” or neostigmine 0.05 
mg kg". Fifteen minutes later, a second blood sample 
was obtained for measurement of serum cholineste- 
rase activity and a second bolus of suxamethonium 
1.0 mg kg" in 10 ml was injected, as described previ- 
ously. A fifth group of patients also received 
edrophonium 0.75 mg kg’, but blood sampling and 
administration of suxamethonium occurred after 5 
instead of 15 min. 

For each suxamethonium bolus, onset time (start 
of injection to maximum block), recovery index (time 
for recovery from 25% to 75% of the final maximal 
twitch) and duration (start of injection to return to 
90% of the final twitch) were determined. 

Blood samples were centrifuged after collection. 
Serum was aspirated and stored at —70 °C for subse- 
quent analysis. Serum cholinesterase activity was 
measured by a modification of the assay described 
originally by Ellman and colleagues’ (Physicians 
Clinical Laboratory, Inc., Sacramento, CA, USA). 

Comparisons of patient characteristics or baseline 
neuromuscular data were made using either the 
Kruskal-Wallis test (non-parametric data) or the 
Student-Neuman-Keul’s test (parametric data). 
Analysis of the response to suxamethonium was 
made with either a paired ¢ test for within-group 
comparisons or Dunnett’s test, using saline treat- 
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ment as the control response for comparisons 
between groups. In all cases, Ps0.05 was considered 
statistically significant. All values are expressed as 
mean (SD). 


Results 


We studied 50 patients (28 females, 22 males), mean 
age 51 (range 22 to 79) yr, mean weight 75 (2.6) kg. 
Eight patients were ASA I, 27 ASA II and 15 ASA 
II. Patients were assigned sequentially to one of five 
treatment groups: saline, edrophonium (5 min), 
edrophonium, pyridostigmine or neostigmine. There 
were no differences between the 10 patients in each 
group in terms of sex, age, weight or ASA 
classification. 

The mean initial contractile response was 574 
(91) g and was stable throughout the study. The final 
contractile response was 101 (16) % of the initial 
twitch height. The first bolus of suxamethonium had 
a mean onset time of 59 (15) s, duration of 13.7 (4.2) 
min and a recovery index of 2.6 (1.3) min. Infusion 
of vecuronium decreased the contractile response to 
26 (7) % of the initial baseline response and required 
a mean total dose of 2.8 (1.0) mg. There were no dif- 
ferences between the groups in initial contractile 
response, onset, duration or recovery index for the 
first bolus of suxamethonium (table 1). Neuromus- 
cular block produced by vecuronium was compara- 
ble in all groups with the exception of the 
edrophonium (5 min) group (80 (6) % ws 70 (6) % 
for the saline group). Correspondingly, the total dose 
of vecuronium administered to this group was higher 
(3.1 (1.1) mg ws 2.6 (1.6) mg). 

The effects of treatment on the response to the 
second dose of suxamethonium are summarized in 
table 1. Onset time increased in all five groups (range 
131-196% of control onset times). Duration of 
action was shorter in patients who received saline or 
edrophonium and prolonged in patients who re- 
ceived pyridostigmine (35% increase) or neostigmine 
(78% increase). The effects of neostigmine were sig- 
nificantly greater than those of pyridostigmine. 
Recovery index followed a similar pattern, with 
slightly shorter times in patients who received saline 
or edrophonium and prolonged times in patients who 
received pyridostigmine or neostigmine. 


Table 1 Effects of treatment with an acetylcholinesterase inhibitor on the response to suxamethonium and plasma cholinesterase activity 
(mean (sp)). *Significantly different from values before treatment (paired ¢ test); Significantly different from saline group (Dunnett’s 





test) 
‘Treatment 
Edrophonium 
Saline (5 min) 
Onset time (s) 
Before 63 (17.7) 60 (16.4) 
After 97 (31.5)* 111 (21.1)* 
Duration of action (min) 
Before 13.9 (3.6) 12.9 (3.4) 
After 10.5 (3.9)* 11.2 (3.5)* 
Recovery index (min) 
Before 2.4 (0.9) 2.2 (0.7) 
After 1.9 (0.5) 2.1 (0.6) 
Plasma cholinesterase (iu litre’) 
Before f 2804 (1094) 2926 (1025) 
After i 2442 (756) 2203 (964)* 





Edrophonium Pyridostigmine Neostigmine 
59 (12.3) 56 (13.7) 55 (13.1) 
77 (18.7)* 79 (21.3)* 99 (27.1)* 
13.4 (4.0) 13.9 (2.6) 14.6 (6.9) 
10.9 (3.7)* 18.7 (5.4)*¢ 23.8 (7.4)*+ 
2.7 (0.8) 2.6 (0.7) 3.0 (2.5) 

2.1 (0.6)* 3.3 (1.5) 3.5 (1.2)+ 
3319 (1066) 2628 (1034) 3446 (1066) 


2983 (964)* 508 (209)*+ 1977 (1401)*} 
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Plasma cholinesterase activity ( iu litre") 


Figure 1 Relationship between plasma cholinesterase activity 
and duration of action produced by suxamethonium (all groups 
combined). Data points are for before (O) and after (@) drug 
treatment. 


Baseline plasma cholinesterase activity ranged 
from 1229 to 5007 iu litre? (normal range 1000- 
3500 iu litre’). These values were comparable 
between treatment groups (table 1, fig. 1). Lower 
pre-drug cholinesterase activity correlated with a 
longer duration of action of suxamethonium. This 
relationship was best described by an exponential 
curve, consistent with previous reports’. Cholineste- 
rase activity was not significantly altered by saline 
administration, but decreased after drug treatment in 
the other four groups. Post-treatment measurements 
were 93-4461 iu litre’. Statistically significant 
decreases in activity occurred after treatment with 
cholinesterase inhibitors but the magnitude varied 
widely; edrophonium (5 min) —26 (17) %; edropho- 
nium ~13 (8) %; pyridostigmine —79 (10) %; 
neostigmine —48 (26) %. The changes after pyri- 
dostigmine and neostigmine differed significantly 
from the saline control group (—9 (18) %) and from 
each other. 


Discussion 


Based on previous case reports and theoretical 
concerns, Sunew and Hicks studied the effects of 
pyridostigmine and neostigmine on the duration of 
subsequently administered suxamethonium’. Both 
drugs prolonged the duration of neuromuscular 
block. Pyridostigmine increased the mean duration 
of a 1-mg kg’ dose to 24 min (182% of baseline) 
while neostigmine increased the duration to 35 min 
(315% of baseline). Our data confirmed this interac- 
tion. Both cholinesterase inhibitors prolonged the 
duration of action, and the effects of neostigmine 
(178% of baseline) were greater than those of 
pyridostigmine (135% of baseline). The smaller 
increases reported here probably resulted from the 
greater time between anticholinesterase and suxam- 
ethonium administration (15 min vs 5 min) and the 
effects of residual vecuronium on nicotinic choliner- 
gic receptors. 

Interactions between edrophonium and suxam- 
ethonium have also been evaluated previously. Mira- 
khur examined the effects of edrophonium on plasma 
cholinesterase activity in 15 patients’. From the lack 
of inhibition he inferred that edrophonium would be 
unlikely to prolong the effects of suxamethonium and 
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subsequently confirmed this in patients undergoing 
elective surgical procedures with halothane—nitrous 
oxide-oxygen general anaesthesia‘. In contrast, 
Sohn, Cronnelly and Sharma examined the interac- 
tions between suxamethonium and edrophonium in 
six surgical patients and demonstrated a transient 
decrease in plasma cholinesterase activity and a 60% 
increase in the duration of action of suxametho- 
nium’. These patients also received general anaesthe- 
sia with halothane—nitrous oxide-oxygen but pan- 
curonium, which is a significant plasma 
cholinesterase inhibitor’, was used as a maintenance 
neuromuscular blocking agent. Patients in our study 
received propofol—sufentanil—oxygen as a mainte- 
mance anaesthetic which does not potentiate the 
actions of neuromuscular blocking drugs, and 
vecuronium, which does not inhibit plasma 
cholinesterase to any clinically significant extent", 
was used for maintenance of neuromuscular block. 
Our results are comparable with those of Mirakhur 
who demonstrated that prior treatment with edro- 
phonium did not increase the duration of subse- 
quently administered suxamethonium’. 

Our previous evaluation of the interactions be- 
tween cholinesterase inhibitors and suxamethonium 
used a rat model to limit confounding variables such 
as volatile anaesthetic gases and anaesthetic adjuncts 
which inhibit plasma cholinesterase activity’. These 
studies demonstrated that all three inhibitors pro- 
duced a similar (27-38%) increase in the duration of 
suxamethonium. However, caution is warranted 
when extrapolating these animal data directly to 
clinical practice. Studies in isolated rat muscle tissues 
or whole animals are used frequently to predict 
responses in humans, but there are quantitative 
differences between species". Drug interactions 
involving metabolism by plasma cholinesterase and 
inhibition by anticholinesterases increase sources of 
variability. There are differences with regard to 
enzyme form and concentrations between species”. 
However, the sensitivities of the acetylcholinesterase 
and butyrylcholinesterase enzymes to inhibitors are 
similar in humans and rats”, If the pharmacokinet- 
ics and pharmacodynamics of both neuromuscular 
blocking agents and reversal agents were character- 
ized fully in both species and drug administration 
procedures adjusted accordingly, responses in the rat 
model might more directly predict responses in 
humans. Ultimately, confirmation in a clinical setting 
is still required, as emphasized by the contrast 
between the results reported here and previous 
animal studies’. 

By concurrently measuring the effect of each 
cholinesterase inhibitor on both enzyme activity and 
suxamethonium duration, these studies suggest that 
the increased duration of action is not solely the 
result of inhibition of plasma cholinesterase. Edro- 
phonium has either no inhibition’, or a minimal, 
transient effect on plasma cholinesterase’. Neostig- 
mine and pyridostigmine produce similar maximal 
inhibitory responses, but the effects of pyridostig- 
mine are slightly prolonged’. Measurements of 
plasma cholinesterase activity in this study (15 min 
after drug administration) were consistent with this 
pattern of slower recovery from pyridostigmine. In 
contrast, neostigmine has a significantly greater effect 
on suxamethonium duration. Cholinesterase inhibi- 
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tors have many non-cholinergic mediated actions’. 
The lack of correlation between enzyme inhibition 
and prolongation of suxamethonium block suggests 
that these or other mechanisms may also need to be 
considered when evaluating this drug interaction. 

Both practical and theoretical conclusions can be 
drawn from these studies. It is not possible to know 
in advance which patients may require urgent paraly- 
sis after they have received a cholinesterase inhibitor. 
However, if suxamethonium is required, even a dose 
of 1 mg kg" will not have a prohibitively long 
duration of action, particularly if edrophonium is the 
reversal agent. This is true even if edrophonium is 
given only 5 min earlier. In the event of an extremely 
long duration of paralysis (>45 min) after suxam- 
ethonium, other contributing factors such as de- 
creased plasma cholinesterase activity, atypical 
plasma enzyme or additional drug interactions 
should be considered. In addition, with the introduc- 
tion of other anaesthetic adjuncts dependent on 
plasma cholinesterase for metabolism, such as 
esmolol, mivacurium and remifentanil, studies of 
interactions with the commonly used cholinesterase 
inhibitors must consider the potential for both 
cholinergic and non-cholinergic mediated interac- 
tions. A current example of this is the potential for a 
paradoxical response when a cholinesterase inhibitor 
is used to antagonize mivacurium neuromuscular 
block”. A similar evaluation of this drug interaction 
might be revealing. 
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Is recovery of neuromuscular transmission complete after the use of 
neostigmine to antagonize block produced by rocuronium, 
vecuronium, atracurium and pancuronium? 


M. J. Bauran, F. HOTON, A. A. D>HOLLANDER AND F. R. CANTRAINE 


Summary 

To test if recovery of neuromuscular transmis- 
sion is complete after the use of neostigmine 
under standardized conditions, we have meas- 
ured adductor pollicis mechanical activity in 
response to 0.1 Hz (twitch height), train-of-four 
(TOF) and 100 Hz (RF 100 Hz) ulnar nerve stimu- 
lations. We studied 56 adult anaesthetized (thio- 
pentone, fentanyl, nitrous oxide in oxygen) 
patients, allocated randomly to one of four 
groups (n=14) to receive rocuronium (group 
Roc), vecuronium (group Vec), atracurium 
(group Atr) or pancuronium (group Pan). Recov- 
ery of neuromuscular transmission was studied 
for 15 min after neostigmine 40 ug kg” was given 
at 25% recovery of twitch height. Fifteen minutes 
after antagonism, the TOF ratio was 0.91 (SEM 
0.01), 0.88 (0.02) and 0.92 (0.01) (ns), and RF 100 
Hz was 0.78 (0.01), 0.79 (0.02) and 0.78 (0.01) (ns) 
respectively, in patients in groups Roc, Vec and 
Atr, respectively. In patients in group Pan, TOF 
ratio and RF 100 Hz were only 0.76 (0.01) and 
0.33 (0.04) respectively (P<0.01, one-way analy- 
sis of variance, Duncan’s multiple classification 
range tests). In contrast with pancuronium, 
antagonism of rocuronium-, vecuronium- and 
atracurium-induced neuromuscular blocks pro- 
duced a similar high degree of recovery of 
neuromuscular transmission. (Br. J. Anaesth. 
1996;77:496-499) 


Key words 


Neuromuscular block, rocuronium. Neuromuscular block, 
vecuronium. Neuromuscular block, atracurium. Neuromus- 
cular block, pancuronium. Antagonists neuromuscular block, 
neostigmine. Measurement techniques, neuromuscular 
block. Neuromuscular block, measurement of response. 


Recently, Eriksson and colleagues showed in awake 
volunteers receiving vecuronium to stabilize the TOF 
ratio at 0.7, that while the ventilatory response to 
hypercapnia was normal, reflex hyperventilation 
induced by hypoxaemia was depressed. This test 
returned to normal when the TOF ratio returned to 
0.9'*. These observations cast doubt on the often 
proposed 0.7 TOF ratio as a “gold standard” to 
guarantee a safe clinical situation and also raised 
interest in the 0.9 TOF ratio as a new end-point for 
defining adequate recovery of neuromuscular trans- 
mission. 


In normal patients receiving medium duration 
neuromuscular blocking agents (rocuronium*”, ve- 
curonium, atracurium) a TOF ratio of 0.7 is 
currently obtained after administration of neostig- 
mine given at a twitch height of 10-25%, but even for 
vecuronium, data related to a TOF ratio of 0.9 are 
still scarce”. 

In addition to the 2 Hz TOF stimulation pattern, 
the use of high stimulation rates, especially 100 Hz 
tetanic stimulation, to quantify recovery of neu- 
romuscular transmission may be desirable because of 
the TOF ratio limitations for detection of residual 
neuromuscular block in many clinical situations*”. 
In normal awake patients also, firing rates of approxi- 
mately 100 Hz are often observed in different muscle 
types”. 

The purpose of this study was to assess the level of 
recovery of neuromuscular transmission 15 min after 
administration of neostigmine 40 pug ke’ with 
atropine 15 pg kg" in patients receiving rocuronium, 
vecuronium, atracurium and pancuronium. 


Patients and methods 


After obtaining approval from the hospital Ethics 
Committee for Human Research and written in- 
formed consent, we studied 56 young, healthy adult 
patients, ASA I and H, undergoing elective lower 
limb surgery. None had clinical or routine biochemi- 
cal evidence of hepatic or renal damage. All were 
devoid of neuromuscular disease and drugs that are 
known to interfere with neuromuscular transmission. 

Patients received lormetazepam 0.2 mg kg” orally, 
1 h before anaesthesia, which was induced with thio- 
pentone 3-5 mg kg" i.v. After loss of consciousness, 
ventilation was controlled manually (with 50% 
nitrous oxide in oxygen). The trachea was intubated 
after i.v. administration of one of the four neuromus- 
cular blockers. Thereafter, ventilation was controlled 
mechanically (open circuit, 65% nitrous oxide in 
oxygen) and adjusted to produce an end-tidal carbon 
dioxide partial pressure of 4.4 (0.3) kPa. For mainte- 
nance of anaesthesia, patients received fentanyl 5 ug 
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kg" and dehydrobenzperidol 100 ug kg" i.v., followed 
by bolus doses of fentanyl 2 pg kg” if there was clini- 
cal evidence of inadequate analgesia. Heat loss from 
the body surface and the arms was controlled by the 
use of a water warming mattress (autoregulation on 
37 °C rectal temperature) and surgical sheets (moni- 
tored hypothenar temperature greater than 35 °C). 

To measure isometric contraction of the adductor 
pollicis, a force displacement transducer (UC3 cell 
Statham TM), fitted with tension attenuator (ULE- 
20, Statham TM) and incorporated in a hand grip, 
was preloaded to 100 g and secured with adhesive 
tape onto the patient’s left hand. Mechanical activity 
of the adductor pollicis was induced by square wave 
pulses of 0.2 ms duration at supramaximal intensity, 
delivered at 0.1 Hz from an Organon Teknika Digit- 
Stim DI TM stimulator, via two paediatric surface 
electrodes placed near the ulnar nerve at the wrist. 
The resulting analogue signals were amplified and 
recorded. Skin thenar temperature was measured 
with a surface electrothermometer (YSI 409B TM). 

The 56 patients were allocated randomly to one of 
four groups of 14 patients each to receive rocuro- 
nium (group Roc), vecuronium (group Vec), atracu- 
rium (group Atr) or pancuronium (group Pan). After 
a 5-min recording of control twitch height, 100 Hz, 
5-s duration was assessed and control RF 100 Hz 
was measured during thiopentone—fentanyl—nitrous 
oxide in oxygen anaesthesia, but in the absence of 
neuromuscular blocker. When twitch height had 
regained its control value, rocuronium 600 ug kg“, 
vecuronium 100 pg kg’, atracurium 500 ug kg" or 
pancuronium 80 ug kg” was given i.v. Thereafter, to 
achieve a neuromuscular block of about 1 h, when 
twitch height had spontaneously regained 25% of 
control, patients received two additional doses of 
rocuronium 120 pg kg” (group Roc), vecuronium 20 
ug kg’ (group Vec), atracurium 100 pg ke’ (group 
Atr), while in group Pan, patients received only an 
initial dose of pancuronium 80 ug kg". 

The 56 randomized patients received atropine 15 
ug kg? mixed with neostigmine 40 ug kg” at the end 
of the surgical procedure, exactly when twitch height 
had spontaneously regained 25% of control. There- 
after, twitch height (every 10 s) and TOF ratio (2 Hz, 
every 3 min) were measured for 15 min in the four 
groups. Immediately after the TOF ratio at 15 min, 
100 Hz tetanic stimulation, 5-s duration, was 
assessed. Residual force after 100 Hz tetanic stimula- 
tion (RF 100 Hz) was calculated as the ratio between 
tension at the end of the 5-s stimulation period and 


Table 1 Patients characteristics (mean (sem) [range]). Clinical 
duration of block = time elapsed from maximum block achieved 
after the initial dose of neuromuscular blocker to administration 


of neostigmine 


Weight Height Clinical duration 

Group Age (y) (kg) (cm) of block (min) 

Roc 38 75 (3) 176 (2) 68 (5) [43-86] 
[20-56] 

Vec 39 70 (3) 170 (2) 67 (6) [42-96] 
[18-58] 

Atr 35 76 (4) 174 (2) 70 (6) [44-100] 
[18-57] 

Pan 37 73 (3) 174 (3) 68 (5) [45-130] 
[27-47] 





maximum response registered. Statistical analysis of 
the data was performed using one-way analysis of 
variance”, In case of significant differences observed 
by ANOVA, Duncan’s multiple classification range 
tests were performed to indicate the best recovery 
scores. 


Results 


There were no significant differences between 
patients in the four groups in terms of their 
characteristics (table 1). Mean age of all patients was 
37 (range 18-58) yr, mean weight 73 (SEM 2) 
(53-108) kg and mean height 174 (1) (154-194) cm 
(n=56) (table 1). Mean clinical duration of neu- 
romuscular block (time elapsed from maximum 
block achieved after the initial dose of neuromuscu- 
lar blocker to administration of neostigmine ) was 69 
(SEM 3) min for all patients (n=56), and 68 (5) (range 
43-86) min, 67 (6) (42-96) min, 70 (6) (44-100) 
min and 68 (6) (45—130) min in patients in groups 
Roc, Vec, Atr and Pan, respectively (table 1). Control 
RF 100 Hz during thiopentone-nitrous oxide in oxy- 
gen anaesthesia under normothermal conditions 
(cutaneous hypothenar temperature greater than 
35 °C), but in the absence of neuromuscular 
blockers, was 0.9 (0.003) (0.85-0.95) (n=56). 

At the time of antagonism, when twitch height had 
regained 25% of its control value, mean TOF ratio 
was 0.07 (0.003) for all patients (range 0.02-0.14) 
and there were no significant differences between the 
four groups (fig. 1). Evolution of the TOF ratios were 
similar in patients who received rocuronium 840 ug 
kg’, vecuronium 140 ug kg” and atracurium 700 ug 
kg", except that the TOF ratio was significantly 
higher (0.68 (0.03); P<0.05) 3 min after neostigmine 
40 ug kg" in patients who received vecuronium com- 
pared with those who received rocuronium (0.57 
(0.03)) and atracurium (0.56 (0.03)). Fifteen 
minutes after administration of neostigmine, TOF 
ratios were 0.91 (0.01) (range 0.81-0.95), 0.88 
(0.02) (0.71-0.99) and 0.92 (0.01) (0.87-0.95) in 
groups Roc, Vec and Atr, respectively (fig. 1). In con- 
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Figure 1 Evolution of the train-of-four (TOF) ratio (mean) 
recorded at 3-min intervals after administration of neostigmine 
40 pg kg“ when twitch height had returned to 25% of its initial 
value in groups Roc (W), Vec (#), Atr (@) and Pan (0). *P<0.05, 
one-way analysis of variance and Duncan multiple classification 
range tests (group Vec vs groups Roc and Atr). **P<0.01, 
one-way analysis of variance and Duncan multiple classification 
range tests (group Pan es groups Vec, Roc, At). 
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Figure 2. Values for residual force (RF) after 100 Hz tetanic 
stimulation (RF 100 Hz) recorded 15 min after administration of 
neostigmine 40 pg kg! when twitch height had regained 25% of 
its initial value (mean, sum). **P<0.01, one-way analysis of 
variance, Duncan multiple classification range tests (group Pan vs 
groups Roc, Vec and Atr). 


trast, during the 15-min period after administration 
of atropine-neostigmine, TOF ratios were always 
lower (P<0.01) in patients who received pancuro- 
nium 80 ug kg" (fig. 1). At 15 min, the TOF ratio was 
0.76 (0.01) (0.67-0.86) (fig.1). Fifteen minutes after 
administration of neostigmine, mean values for RF 
100 Hz were similar in groups Roc, Vec and Atr: 0.78 
(0.01) (0.71-0.85), 0.79 (0.02) (0.60—-0.95) and 
0.78 (0.01) (0.65-0.85), respectively. These values 
were much higher (P<0.01) than the RF 100 Hz of 
0.33 (0.04) (0.09-0.65) measured in group Pan 


(fig. 2). 


Discussion 


Our results have confirmed previous data indicating 
that rocuronium, in common with vecuronium and 
atracurium, can be antagonized easily to an end- 
point of a TOF ratio of 0.7 when neostigmine 40 ug 
kg’ is given at 25% recovery of control twitch 
height". But the “gold standard” of these authors (a 
TOF ratio of 0.7) does not imply complete recovery 
of neuromuscular transmission. Moreover, Eriksson 
and colleagues showed recently that the ventilatory 
response to hypoxaemia was depressed if the TOF 
ratio was reduced to 0.7 by vecuronium in awake 
volunteers, and that it returned to normal when the 
TOF ratio was 0.9'*. These results suggest that a 
TOF ratio of 0.9 may be considered as a new 
end-point for defining adequate recovery of neu- 
romuscular transmission. In patients who received 
rocuronium, our data indicated that such a high (0.9) 
TOF ratio may be observed 15 min after administra- 
tion of neostigmine 40 ug kg’? when twitch height has 
regained 25% of its initial value, in common with 
patients who received vecuronium and atracurium. 
In contrast, under the same conditions, a TOF ratio 
of only approximately 0.75 was observed in patients 
who received pancuronium. 

RF 100 Hz mean values ranged from 0.8 to 0.9, 
associated with a TOF ratio of 0.9, and were also 
observed previously to antagonize vecuronium- 
induced block, 15 min after administration of 
neostigmine 40 pg kg“ at 25-50% twitch height®® ". 
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Mean values in patients who received rocuronium 
were as high (about 0.8) as in patients who received. 
vecuronium and atracurium. In contrast with pa- 
tients who received neuromuscular blockers of inter- 
mediate duration of action, the mean value for RF 
100 Hz in patients in group Pan was only approx- 
imately 0.3, confirming the previously reported very 
high sensitivity of measured RF 100 Hz*”. The use 
of RF 100 Hz is important also because a small, but 
statistically significant and clinically important 0.15 
TOF ratio difference is amplified by a factor of 3—4 
for the compound investigated in this study. Moreo- 
ver, our data were obtained in the absence of 
halogenated agents, which are known to potentiate 
neuromuscular blockers and impair antagonism of 
non-depolarizing neuromuscular blockers by 
anticholinesterases’*’® by various mechanisms””. In 
the past, the response to 100 Hz tetanic stimulation 
was also observed by Kopman, Epstein and Flash- 
burg in halothane anaesthetized patients”. 
Pancuronium-induced block was antagonized when 
the TOF ratio was in excess of 0.1 with 5-mg incre- 
ments of edrophonium until the TOF ratio exceeded 
0.7. At a mean TOF ratio of 0.79, the mean value of 
the response to 100 Hz, 2 s tetanic stimulation, was 
very weak (0.28), indicating incomplete recovery of 
neuromuscular transmission when poor reversal con- 
ditions co-exist (long-acting neuromuscular blockers 
and sustained concentrations of halogenated agents). 

When recovery of neuromuscular transmission was 
assessed by measuring the TOF ratio, neostigmine 
36-50 ug ke", given at 10% twitch height, produced 
a mean TOF ratio of approximately 0.7-0.8 after a 
20-30-min period in fentanyl—nitrous oxide in 
oxygen anaesthetized patients and a TOF ratio of 
approximately 0.6 in enflurane—or halothene—nitrous 
oxide in oxygen anaesthetized patients”. In con- 
trast, in a previous study in humans, vecuronium and 
pancuronium were considered to be antagonized 
effectively and equally by neostigmine because the 
duration of the effect of neostigmine on twitch height 
recovery was not different“. However, when assess- 
ing recovery of neuromuscular transmission, moni- 
toring twitch height appears to be an insensitive test. 
Twitch height has little or no discriminating ability 
for the influence of pre-reversal twitch heights or 
edrophonium and neostigmine dose, or both, mainly 
because apparent antagonism by these measures is so 
complete’. Whalley, Lewis and Bedocs showed also 
that equipotent doses of atracurium, compared with 
pancuronium, were not associated with a shorter 
time to complete recovery from neuromuscular block 
induced by pancuronium”. In this study, all patients 
received an initial dose of pancuronium 0.1 mg kg’; 
no patient received only atracurium and complete 
recovery was defined by a TOF ratio of 0.7. 

In patients receiving short-acting neuromuscular 
blockers such as mivacurium, neostigmine, given 
under the same clinical conditions, also accelerated 
recovery of the TOF ratio to 0.9. However, unlike the 
patients in this study who received medium-acting 
neuromuscular blockers, all patients obtained a TOF 
ratio of 0.9 within 15 min of administration of 
neostigmine, compared with 50% of patients during 
spontaneous recovery of mivacurium-induced 
block*. The use of short-acting neuromuscular 
blockers such as mivacurium should probably make 
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adequate or even complete antagonism an easier 
problem to solve in many patients. 
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Chronic carbamazepine therapy does not influence 
mivacurium-induced neuromuscular block 


A. SPACEK, F. X. NEIGER, C. K. Spiss AND H. G. Kress 


Summary 

Patients receiving anticonvulsant drugs chroni- 
cally are relatively resistant to some non- 
depolarizing neuromuscular blocking drugs. We 
investigated the influence of chronic car- 
bamazepine therapy on neuromuscular block 
induced by mivacurium in 20 otherwise healthy 
individuals undergoing neurosurgical opera- 
tions, 10 of whom were receiving chronic 
treatment with carbamazepine and the other 10 
served as controls. The median duration of 
carbamazepine therapy was 22 weeks (range 
4-182 weeks). After premedication with oral 
diazepam, anaesthesia was induced with fenta- 
nyl and thiopentone and maintained with 0.5% 
isoflurane and nitrous oxide in oxygen. The 
ulnar nerve was stimulated and the evoked elec- 
tromyogram recorded using a Datex NMT moni- 
tor. Mivacurium 0.15 mg kg” (2xED,;) was given 
as a bolus i.v. Based on the response to the first 
of four stimuli, lag time, onset-time, times to 
recovery to 10%, 25%, 50% and 75% of baseline 
responses and recovery index (Rl 25-75%) did 
not differ between the two groups. We conclude 
that mivacurium-induced neuromuscular block 
was not influenced by preceding chronic car- 
bamazepine therapy. (Br. J. Anaesth. 
1996;77:500-502) 
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Patients receiving chronic carbamazepine therapy 
show a relative resistance to the neuromuscular 
effects of vecuronium’’, pancuronium’, doxacurium‘* 
and pipecuronium’. Resistance to vecuronium was 
manifested as an increased ED,,'. For the other neu- 
romuscular blockers and also vecuronium, resistance 
was documented either by increased hourly require- 
ments for maintenance of a constant neuromuscular 
block or by a shorter duration of action”. Recovery 
time was decreased by 65% after an i.v. bolus dose 
(2xEDo5) of pancuronium’. 

Mivacurium chloride is a new short-acting non- 
depolarizing neuromuscular blocking agent. Enzy- 
matic hydrolysis catalysed by plasma cholinesterase 
is the primary metabolic pathway and distinguishes 
mivacurium from all other non-depolarizing neu- 
romuscular blockers®’. The distinct degradation 
pathway of mivacurium stimulated us to investigate 


the interaction between carbamazepine and mivacu- 
rium in neurosurgical patients. A report on a similar 
topic appeared recently after we had concluded our 
experiments’. 


Patients and methods 


After obtaining approval from the Institutional 
Ethics Committee at the University Hospital of 
Vienna and written informed consent, we studied 20 
patients, ASA I-III, undergoing various neurosurgi- 
cal procedures. All patients were free of cardiac, 
renal, pulmonary, hepatic and neuromuscular dis- 
eases. Individuals receiving medications thought to 
potentially affect neuromuscular transmission were 
excluded, as were those undergoing deliberate hypo- 
tension during operation. Patients with psychiatric 
diseases, those with a recent history of alcohol or 
drug abuse, and those with known or suspected 
reduced activity of plasma cholinesterase or with an 
atypical form of the enzyme were also excluded. 
Plasma cholinesterase was measured and found to be 
within the normal range in all subjects. No further 
characterization of the enzyme was performed. Ten 
patients (group I) were receiving continuous car- 
bamazepine therapy for seizure disorders for at least 
4 weeks. Plasma concentrations of carbamazepine, 
measured by radioimmunoassay, were determined 
before surgery and were within the therapeutic range 
(15-40 pmol litre’). Control patients (group ID) 
received no anticonvulsants. 

All patients were premedicated with oral diazepam 
10 mg, 1 h before surgery. Anaesthesia was induced 
with fentanyl 3-4 pg kg” and thiopentone 4-6 mg 
kg’, and maintained with 0.5% inspired isoflurane 
and 70% nitrous oxide in oxygen, and supplementary 
doses of fentanyl. After tracheal intubation, the lungs 
were ventilated mechanically to maintain end-tidal 
carbon dioxide partial pressure at 4.0-4.4 kPa. 
Oesophageal temperature was maintained greater 
than 36 °C with convective heating (Bair Hugger). 
Routine patient monitoring included continuous 
ECG, invasive arterial pressure, pulse oximetry, end- 
tidal capnography and oesophageal temperature 
probe. 

Neuromuscular transmission was monitored with 
the Datex Neuromuscular Transmission Monitor 
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Mivacurium and carbamazepine 


NMT measuring the evoked electromyographic 
response (EMG) of the abductor digiti minimi mus- 
cle to supramaximal stimulation of the ulnar nerve at 
the wrist. The NMT delivered trains-of-four supra- 
maximal square wave impulses (100 us width) at 2 
Hz. The trains were repeated every 20 s. The heights 
of the EMG responses to the first stimuli in the train 
(as percentage of baseline) were recorded by a 
printer connected to the monitor. To minimize 
movement-induced artefacts, the patient’s hand was 
secured carefully to a padded board and the hand 
kept warm. The system was calibrated for each 
patient after induction of anaesthesia but before 
administration of mivacurium. The control EMG 
was recorded for a 3-min period and a stable baseline 
was obtained in each patient. Thereafter, a bolus 
dose of mivacurium 0.15 mg kg’ (2xED,5) was given 
iv. The time required for the first response to 
decrease noticeably below the control level (lag 
time), time to disappearance of all responses (onset 
time), and times for T1 to recover to 10%, 25%, 50% 
and 75% of baseline were measured in all patients. 
Recovery index (RD was calculated as the time 
required for the responses to the first stimuli to 
recover from 25% to 75% of baseline. 

Comparisons were made between the carbam- 
azepine and control groups using the two tailed 
Student’s t test for independent samples and the 
nominal 5% level of statistical significance. In 
addition, a comprehensive exploratory statistical 
analysis of the data was performed. A sample size of 
10 patients per treatment group can be justified by 
the subsequent rationale: setting the nominal alpha 
risk (two-sided) to 5% and defining the clinically rel- 
evant difference between the means of both groups as 
exceeding 1.3-fold of the standard deviation, yields a 
power of 80% with a sample size of 10 patients per 
treatment group. 


Results 


Patient data were similar in the control and 
carbamazepine groups (table 1). The shortest period 
of carbamazepine treatment was 4 weeks, the longest 
182 weeks (median 22 weeks). Daily doses ranged 
from 300 to 1200 mg. Mean preoperative blood con- 
centrations of carbamazepine were 27.4 (sp 9.9) 
umol litre". 

The EMG response to mivacurium in both groups 
is shown in table 2. The EMG response to the first 
stimulation in the train was decreased by at least 95% 
in all patients. The times required for the response to 
recover to baseline were not significantly- different 
between the control patients and those receiving 
chronic carbamazepine therapy. 


Discussion 


We have demonstrated that mivacurium-induced 
neuromuscular block was unaffected by chronic car- 


Table 1 Patient data (mean (sp or range) or number). No 
significant differences between groups 








Carbamazepine (7=10) Control (n=10) 
Age (yr) 49.9 (19-70) 41.0 (18-68) 
Weight (kg) 75.8 (13.3) 70.0 (11.0) 
Sex (F/M) 4/6 5/5 
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Table 2 Lag time, onset, recovery times and recovery index 
(mean (sp) min) after a bolus dose of mivacurium 0.15 mg kg™ 
(2xED,5). No significant differences between groups 





Carbamazepine (n=10) Control (n=10) 


Lag time 0.7 (0.3) 0.8 (0.3) 
Onset 3.6 (1.2) 3.9 (1.2) 
10% recovery 12.7 (6.5) 13.0 (6.7) 
25% recovery 16.2 (7.3) 16.9 (7.0) 
50% recovery 19.5 (7.7) 21.6 (8.6) 
75% recovery 24.9 (9.3) 26.3 (9.8) 
Recovery index 8.7 (3.7) 9,3 (4.0) 


bamazepine therapy. Although all measured variables 
of recovery were slightly shorter in the 
carbamazepine-treated group compared with the 
control group, the differences were not statistically 
significant. We conclude that chronic treatment with 
carbamazepine has no effect on neuromuscular block 
produced by mivacurium. Similar findings were 
reported recently for patients receiving chronic treat- 
ment with carbamazepine and other antiepileptic 
drugs’. In this respect mivacurium differs from 
vecuronium, pancuronium, doxacurium and 
pipecuronium’’, as the duration of action of these 
drugs was diminished by more than 40% in patients 
treated with carbamazepine. 

The reasons why carbamazepine treatment re- 
duces the potency and duration of action of some 
non-depolarizing neuromuscular blockers while not 
influencing others is still unclear. Both pharmaco- 
kinetic and pharmacodynamic explanations have 
been proposed. The pharmacodynamic explanation 
is based on the assumption that treatment with anti- 
convulsants decreases the affinity of the acetylcholine 
receptor for neuromuscular blockers or increases the 
number of receptors on muscle fibres™. This explana- 
tion could account for the increased ED., of vecuro- 
nium! and, at least in part, for the shorter duration of 
neuromuscular block. Our study was not designed to 
test the potency of mivacurium in patients receiving 
carbamazepine therapy and, hence, the possible effect 
of carbamazepine on the interaction of mivacurium 
with receptors remains open. 

The pharmacokinetic explanation for the short- 
ened duration of action of vecuronium in patients 
receiving carbamazepine therapy is supported 
strongly by the finding of Alloul and coworkers”. 
These authors reported that systemic clearance is 
markedly higher in treated than in control patients. 
The faster elimination of vecuronium could account 
for the shorter duration of action. As vecuronium 
concentrations at the site of action required for half- 
maximal neuromuscular block were similar in the 
contro! and treated patients (ECs, of 151.1 (SEM 
19.2) and 125.0 (11.2) ng ml’, respectively), the 
authors could not substantiate the hypothesis that 
treatment with carbamazepine lowers the affinity of 
the receptors for vecuronium. Increased systemic 
clearance of vecuronium induced by carbamazepine 
may be attributed to more rapid hepatic uptake and 
metabolism of vecuronium. As hepatic uptake and 
metabolism are irrelevant for mivacurium, neither its 
rate of degradation nor its duration of action would 
be expected to be altered by treatment with 
carbamazepine. 
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The action of atracurium was also reported not to 
be affected by chronic anticonvulsant therapy ™", 
although there is one contradictory report". We sug- 
gest that the common denominator for the different 
findings with mivacurium and atracurium is that 
their distinct degradation pathway is not influenced 
by carbamazepine. 

Although the pharmacokinetic explanation in 
terms of enhanced elimination of some but not other 
neuromuscular blockers by carbamazepine appears 
plausible, pharmacodynamic mechanisms may also 
be involved. To elucidate these mechanisms in more 
detail, further pharmacokinetic, pharmacodynamic 
and electrophysiological studies are needed. In clini- 
cal practice, however, mivacurium may be preferred 
in patients receiving chronic anticonvulsant therapy 
when a brief but predictable duration of neuromus- 
cular block is required or neuromuscular monitoring 
is unavailable. 
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Thiobarbiturates suppress depolarization-induced contraction of 
vascular smooth muscle without suppression of calcium influx 


R. Krramura, M. KakuyamMa, K. NAKAMURA, I. MIYAWAKI AND K. Mori 


Summary 

We have studied the effects of barbiturates on 
vascular smooth muscle tension and cytosolic 
calcium concentrations ([Ca*],) in endothelium- 
denuded rat aortic rings, preloaded with fluo-3. 
Changes in [Ca*]; were estimated by the fluores- 
cence intensity of the calcium-bound form of 
fluo-3. In aortic rings under basal conditions, 
thiobarbiturates {thiopentone and thiamylal 
100-300 umol! litre’) increased [Ca*], concomi- 
tantly with an increase in tension, although oxy- 
barbiturates (pentobarbitone and secobarbitone 
up to 300 umol litre”) had no effect. Thiopentone 
(300 umol litre')-induced increases in tension 
and fluorescence intensity were mean 25.1 (sp 
3.2) % and 55.0 (6.0) %, respectively, of those 
induced by KCI 30 mmol litre’ (n=8, each). In KCI 
(30 mmol litre*)-precontracted aortic rings, thio- 
pentone decreased tension without reduction of 
[Ca*],, whereas pentobarbitone decreased ten- 
sion and [Ca*],. KCl (30 mmol litre’)-induced 
contraction was suppressed by pretreatment 
with all barbiturates (100-300 pmol litre”); 
thiopentone 300 pmol! litre’ suppressed contrac- 
tion to 64.8 (2.5) % (n=6) and pentobarbitone 300 
umol litre’ to 57.5 (2.2) % (n=9). However, the 
increase in [Ca]; was suppressed by oxybarbitu- 
rates (pentobarbitone 300 pmol litre” to 77.9 (5.2) 
%; n=9), but not altered by thiobarbiturates. 
These results suggest that thiobarbiturates and 
oxybarbiturates affect vascular smooth muscle 
differently and that the affected site in thio- 
barbiturate-induced vasodilatation is distal to 
regulation of [Ca”],. (Br. J. Anaesth. 1996;77:503— 
507) 
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Thiobarbiturates have been used for induction of 
general anaesthesia and also for brain protection in 
cerebral ischaemia. Although the reduction in 
arterial pressure after i.v. injection of thiobarbiturates 
may be caused mainly by suppression of sympathetic 
tone and cardiac contractility, barbiturates have been 
shown to exert direct effects on vascular smooth 
muscle of various origins’®. Previous authors have 
suggested that the direct vascular effect of pentobar- 
bitone is a result of its Ca’* channel blocking action”. 


Except for our previous reports''”, however, there 
have been no investigations of the mechanism of 
thiobarbiturate-induced vasodilatation. In this study, 
we used a fluorescent indicator of cytosolic calcium 
concentration ([Ca”‘],) to determine the effect of 
barbiturates on [Ca]; under basal conditions and on 
depolarization-induced calcium influx. We demon- 
strated different effects of oxybarbiturates and 
thiobarbiturates on [Ca], and calcium-contraction 
coupling in vascular smooth muscle. 


Materials and methods 

The study was approved by the Kyoto University 
Animal Use Committee. We studied 20 male Wistar 
rats (250-350 g) anaesthetized with pentobarbitone 
50 mg kg” i.p. and killed by exsanguination from the 
common carotid arteries. The descending part of the 
thoracic aorta was isolated from each rat and 
dissected into 8-10 rings (2-mm wide). The rings 
were rinsed and bathed in Krebs’ bicarbonate 
solution at 25 °C for more than 20 min until used. 
The rings were then bathed in Krebs’ bicarbonate 
solution containing fluo 3-AM 10 pmol litre’ ™* and 
0.02% vol/vol Cremophor EL for 0.5-1 h at 25 °C. 
Cremophor EL is a non-cytotoxic detergent which 
was added to increase the solubility of fluo 3-AM”. 
After rinsing, the endothelium was removed from the 
luminal surface by rubbing with cotton sticks in 
order to exclude the influence of endothelial [Ca”*)], 
on fluorescence intensity. The vascular rings were 
then mounted under a resting tension of 1 g weight, 
in Krebs’ bicarbonate solution, maintained at 37 °C, 
and aerated with a mixture of 5% carbon dioxide in 
oxygen. They were then contracted with phenyl- 
ephrine 0.1 pmol litre” and exposed to acetylcholine 
10 pmol litre’ which induced less than 10% of the 
phenylephrine-induced precontraction in all rings 
used", 

Isometric tension and fluorescence intensity were 
recorded continuously using an Amplifier Case 7903 
force-displacement transducer (San-ei, Tokyo, 
Japan) and a CAF-110 fluorometer Japan Spectro- 
scopic, Tokyo, Japan)". The arterial rings were 
illuminated with a 75-W xenon lamp at an excitation 
wavelength of 490 nm, and the emitted fluorescence 
at 540 nm was considered to be an indicator of 
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{Ca”],*. In our preliminary study, thiopentone 300 
umol litre’ decreased the transmittance of light at 
wavelengths of 340 nm and 380 nm to 91.8% and 
94.0%, respectively, and thiamylal to 86.5% and 
96.3%. However, transmittance of 490 nm light was 
not significantly altered by the barbiturates tested 
(up to 1 mmol litre”). 

In the relaxation study, vascular rings were precon- 
tracted with KCI 30 mmol litre’. When the tension 
and fluorescence intensity had stabilized after KCI 
exposure, the rings were exposed to cumulative con- 
centrations of thiopentone or pentobarbitone (30— 
300 pmol litre’). The time-control was run in an 
identical manner but without exposure to barbitu- 
rates. The stabilized tension and fluorescence inten- 
sity after exposure to each barbiturate concentration 
were expressed as percentages, taking the levels 
before exposure to KC] as 0% and those after expo- 
sure and just before the start of barbiturate exposure 
as 100%. 

In the contraction study, all rings were first 
exposed to KCl 30 mmol litre’ for 5 min and then 
washed out. The change induced by this first 
exposure to KCI was taken as 100%, and the changes 
in tension and fluorescence intensity in the following 
study were expressed as values relative to this. The 
rings were then exposed to one of the barbiturates for 
10 min or, after 5 min of pretreatment with a 
barbiturate, exposed to KC] 30 mmol litre’ again for 
another 5 min. The barbiturates used were thiopen- 
tone, thiamylal, pentobarbitone and secobarbitone 
(30-300 pmol litre’). After washout, the rings were 
exposed to KC] 30 mmol litre’ as a post-barbiturate 
control. The time-control was run in an identical 
manner but without barbiturates. 

Krebs’ bicarbonate solution contained (mmol litre”): 
NaCl 127.5, NaHCO, 15.5, glucose 10.0, KCI 4.6, 
KH,PO, 1.2, MgSO, 1.2 and CaCl, 2.5. Drugs used 
were fluo 3-AM (Dojindo Laboratories, Kumamoto, 
Japan), Cremophor EL (Sigma, St Louis, MO, USA), 
t-phenylephrine hydrochloride (Sigma), acetylcholine 
(Daiichi Pharmaceutical Co., Tokyo, Japan), sodium 
thiopentone (Tanabe Pharmaceutical, Osaka, Japan), 
sodium thiamylal (Kyorin Pharmaceutical, Tokyo, 
Japan), sodium secobarbitone (Yoshitomi Pharmaceu- 
tical, Osaka, Japan) and sodium pentobarbitone (Naca- 
lai Tesque, Kyoto, Japan). Data in the relaxation study 
were analysed by Student’s z test for unpaired data. All 
other data were analysed using analysis of variance and 
Scheffe’s test. Differences were considered significant at 
P<0.05. 

In the relaxation study, vascular rings were 
exposed to KC] 30 mmol litre’ twice, and cumulative 
concentrations of thiopentone or pentobarbitone. 
The order of the experiments for the two barbiturates 
was randomized. In the contraction study, after the 
first exposure to KCl and washout, the rings were 
exposed to one of the barbiturates for 10 min, or 
exposed to KC] again for another 5 min after 5 min 
of pretreatment with a barbiturate. The time- 
controls were run in an identical manner, but 
without barbiturates. 


Results 

KCl-precontracted aortic rings were relaxed by thio- 
pentone and pentobarbitone 100—300 pmol litre’ in 
a concentration-dependent manner (P<0.05—0.01) 
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Figure 1 Representative recordings of fluorescence intensity (as 
an indicator of [Ca™];) and tension in rat aortic rings, which had 
been precontracted with KC] 30 mmol litre“ and then exposed to 
thiopentone (a) or pentobarbitone (8) in cumulative 
concentrations (30-300 pmol litre’). 


(figs 1, 2). [Ca] as measured by fluorescence 
intensity, was decreased by pentobarbitone 300 pmol 
litre’ (P<0.05), but not by thiopentone (figs 1, 2). 
Mean thiopentone- and pentobarbitone 300 pmol 
litre’-induced reductions in tension were 59.4 (sp 
2.8) % and 40.7 (4.4) %, respectively, and pentobar- 
bitone 300 pmol litre’-induced reduction in [Ca”], 
was —31.2 (17.0) % (n=4, each). 

The tension and fluorescence intensity of aortic 
rings under basal conditions were increased by 10 
min exposure to thiopentone and thiamylal 100-300 
umo! litre’ (figs 3, 4), but not to pentobarbitone or 
secobarbitone (up to 300 pmol litre’). The increase 
in tension and fluorescience intensity induced by 
thiopentone 300 pmol litre’ was 25.1 (3.2) % and 
55.0 (6.0) % of KCl 30 mmol litre’-induced 
changes, respectively, and those for thiamylal 300 
pmol litre’ were 29.1 (8.9) % and 48.5 (5.5) %, 
respectively. 

Although the addition of KCl 30 mmol litre’ to 
barbiturate-treated rings increased their tension and 
fluorescence intensity, the total increase in tension 
induced by KCI and barbiturates was less than in the 
barbiturate-untreated controls (P<0.05—-0.01) (fig. 
4). The changes in tension in the presence of 
thiopentone, thiamylal, pentobarbitone and secobar- 
bitone 300 pmol litre’ were 64.8 (2.5) % (n=6), 70.8 
(4.2) % (n=6), 57.5 (2.2) % (n=9) and 36.6 (3.4) % 
(n=6), respectively. 

KCl-induced increase in fluorescence intensity was 
decreased by pentobarbitone and secobarbitone 300 
umol litre’ to 77.9 (5.2) % (n=9) and 67.3 (8.7) % 
(n=6), respectively (P<0.05). In contrast, the total 
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Figure2 Changes in fluorescence intensity and tension of aortic rings precontracted with KCI 30 mmol litre”. O=Without barbiturates; 
@=exposed to thiopentone or pentobarbitone at cumulative concentrations (30-300 pmol litre’), Levels before exposure to KC] 30 mmol 
litre’ were taken as 0% and those just before exposure to barbiturates as 100%. n=4, each. *P<0.05, **P<0.01 compared with untreated 
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Figure 3 Representative recordings of fluorescence intensity and tension of aortic rings exposed twice to KCI 30 mmol litre in the 
absence (first exposure) and presence of thiopentone 100 pmol litre’ (second exposure) (a). Recordings of rings exposed to thiopentone 


but not to KCI are also shown (B). 


increase in fluorescence intensity in rings treated 
with up to 300 pmol litre’ of thiopentone or thiamy- 
lal was not significantly different from controls. 
Changes in tension and fluorescence intensity 
induced by the post-barbiturate and KCl-exposure 
were not significantly different from the pre- 
barbiturate control values (data not shown), indicat- 
ing that the effects of the barbiturates were reversible. 


Discussion 

One might criticize the fact that we used pentobarbi- 
tone anaesthesia before exsanguination of rats, argu- 
ing that pentobarbitone injected i.p. would have 
affected the result. However, our in vitro results sug- 
gested that this was unlikely, because the vascular 
effects of barbiturates at up to 300 pmol litre’ added 
to the bathing solution were abolished completely 
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Figure 4 Changes in fluorescence intensity (open bars) and tension (hatched bars) induced by KCI 30 mmol litre? and barbiturates 
30-300 pmol litre’. Solid bars=changes induced by barbiturates alone. Changes induced by the first KCl-exposure in the absence of 
barbiturates (pre-barbiturate controls) were taken as 100%. Values in parentheses indicate the number of rings studied. *P<0.05, 


**P<0.01 compared with values without barbiturates (time-controls). 


after washout and the anaesthetic concentration of 
pentobarbitone was less than 300 pmol litre’. Also, in 
preliminary studies we used rats anaesthetized with 
both ketamine and pentobarbitone and the results 
obtained were similar. 

Our previous studies demonstrated that thiobar- 
biturates, but not oxybarbiturates, exerted vasocon- 
strictive effects on rat aortae and canine peripheral 
arteries under basal conditions’®. This study con- 
firmed these findings and further demonstrated that 
the thiobarbiturate-induced contractions in aortic 
rings under basal conditions were associated with 
increased [Ca”*],. 

In contrast, in KCl-precontracted aortic rings, the 
thiopentone-induced decrease in tension was not 
associated with a reduction in [Ca™],. Moreover, 
although the KCl-induced contraction was smaller in 
thiobarbiturate-treated than in untreated rings, the 
KCl-induced increase in [Ca™],; did not differ 
between the two treatments. 

Previous studies by Sanchez-Ferrer and col- 
leagues® and ourselves’ have shown that thiobar- 
biturates suppressed contractions induced by an 
influx of extracellular Ca** and also those caused by 
the release of Ca” from intracellular stores in vascu- 
lar smooth muscle, including those mediated by 
inositol triphosphate (IP3) and calcium-induced cal- 
cium release (CICR). These results suggest two pos- 
sibilities; either thiobarbiturates suppress Ca” mobi- 
lization by non-specific means or they affect some 
site distal to the regulation of [Ca”];. The former 
possibility was clearly not supported by the present 
finding that thiobarbiturates, at concentrations of up 
to 300 pmol litre’, did not decrease [Ca], in the 
presence of high K. Furthermore, the latter 
possibility was supported by previous reports show- 
ing that thiobarbiturates suppressed Ca**~induced 
contractions of chemically skinned muscle fibres 
from canine mesenteric artery“ ”. 


H 
H 
o Se 5 ia 
R 
R 2 
1 NH NH 
CHgCH,CH,CH CHaCHCHZCH 
CHa CH; 
Thiopentone Thiamyla!l 
H H 
o ie OW Nv 0 
R rit 
JU R2 H 
CH3CH2CH2CH O CH3CH.CH2CH 
CH3 H3 
Pentobarbitone Secobarbitone 


Figure 5 Chemical structures of thiopentone, thiamyial, 
pentobarbitone and secobarbitone. R1= -CH,CH;; 
R2=- CH,CH=CH, 


In contrast with the thiobarbiturates, relaxation 
induced by pentobarbitone was accompanied by a 
decrease in [Ca™],. In oxybarbiturate-pretreated 
rings, KCl-induced changes in [Ca], were smaller 
than in control rings. These findings concur with 
those of previous authors” and ourselves using these 
compounds”. Therefore we speculate that oxybar- 
biturates suppress depolarization-induced calcium 
influx, although the possibility that they also affect 
some site distal to calcium mobilization cannot be 
excluded. 

Except for substitution of an oxygen atom for sul- 
phur on the second carbon atom, thiopentone has 
the same chemical structure as pentobarbitone, and 
thiamylal the same as secobarbitone (fig. 5). Thus we 
postulate that thiobarbiturates and oxybarbiturates, 


Thiobarbiturates and contraction of vascular smooth muscle 


at concentrations of up to 300 umol litre’, have 
different effects on smooth muscle from rat aorta; 
only thiobarbiturates increased [Ca”], to constrict 
rat aorta under basal conditions, whereas only 
oxybarbiturates decreased [Ca”*], in KCl-contracted 
rat aorta. In addition to their effects on [Ca”’],, thio- 
barbiturates seemed to affect some site distal to the 
regulation of [Ca]; such as calmodulin, the 
phosphorylation or dephosphorylation process of 
myosin light chain (MLC), or the contractile 
machinery itself. 

The peak plasma concentration of thiobarbiturates 
after induction of anaesthesia is 100-300 pmol litre’, 
and as more than 85% is bound to plasma proteins, 
the concentration of the unbound form is less than 
50 umol litre’ "°, Therefore, the effective concentra- 
tions of thiobarbiturates in this study were not much 
higher than those that are found clinically. 

In summary, we found that thiobarbiturates 
relaxed vascular smooth muscle isolated from rat 
aorta independently of [Ca™],, while oxybarbiturates 
reduced both tension and [Ca]; In regulating 
vascular smooth muscle tone, thiobarbiturates 
seemed to affect sites distal to the regulation of 
[Ca”];. 
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Comparative actions of propofol and thiopentone on cell membranes 
of isolated guineapig ventricular myocytes 


F. Saxar, M. HIRAOKA AND K. AMAHA 


Summary 

We have examined the effects of propofol and 
thiopentone on membrane potentials and cur- 
rents of isolated guineapig ventricular myocytes 
using the whole-cell patch-clamp technique. 
After current clamping, propofol at concentra- 
tions greater than 0.5 pmol litre’ shortened the 
plateau and action potential duration (APD) 
(P<0.05). Thiopentone 10 umo! litre’ prolonged 
APD (P<0.05), whereas concentrations of 50 
umol litre’ or higher decreased plateau height 
(P<0.05) and resting membrane potential (RMP) 
(P<0.05) with abbreviation of the prolonged APD. 
With voltage clamping, propofol 1 pmol litre" 
decreased the L-type Ca* current (lca) to 88.4% 
of control (P<0.01) without affecting the delayed 
rectifier K* current (/,) and propofol 10 umol litre” 
decreased lear and k to 75.0% (P<0.01) and 
78.4% (P<0.01), respectively, with no effect on 
the inward rectifier K* current (/,,). Thiopentone 
10 pmol litre’ decreased lca to 88.5% (P<0.01) 
and |, to 78.3% (P<0.05), while thiopentone 100 
umol litre’ depressed lea to 82.8% (P<0.01), ix to 
27.0% (P<0.01} and lę, to 67.3% (P<0.05). These 
results indicated that propofol, at concentrations 
greater than those that are clinically relevant, 
shortened APD mainly by suppression of fea 
and the biphasic effects on APD by thiopentone 
were caused by depression of lę, and concomi- 
tant suppression of lẹ and hı at higher 
concentrations. The distinct cardiodepressant 
effects of propofol and thiopentone may be, at 
least in part, attributed to different actions on 
membrane Ca“ and K* currents. (Br. J. Anaesth. 
1996;77:508-516) 


Key words 
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Propofol is a useful anaesthetic as an induction and 
maintenance hypnotic agent because of its rapid 
onset, short duration of action and rapid elimina- 
tion’; its disadvantages include depression of sys- 
temic arterial pressure or heart rate, or both’. Several 
studies have demonstrated that propofol directly 
suppresses myocardial contractility evaluated by ten- 
sion development in multicellular preparations**. 
Thiopentone also has been known to depress cardiac 
contractility’ © and to have both arrhythmogenic 
and antiarrhythmic actions”. 


Tt remains controversial as to which is the more 
potent negative inotropic and pro- or antiarrhythmic 
drug, because previous studies im vitro have focused 
mainly on trans-sarcolemmal Ca™ influx and sarco- 
plasmic reticulum function’ °". In single ventricular 
myocytes, propofol at relatively high concentrations 
has been shown to shorten action potential duration 
(APD)’ and suppress delayed rectifier K* currents 
(Ix) and L-type calcium currents (Ics) without 
affecting the inward rectifier K* current (J,,)”. In 
contrast, thiopentone has been shown to induce pro- 
longation of APD in multicellular preparations** °", 
and to suppress Icar Ix and ķi“ in single 
myocytes, suggesting that propofol and thiopentone 
have different actions on membrane currents. 

Because J,, and J, together with J,,1 regulate 
APD by determining repolarization of action poten- 
tials, modification of any one of these currents could 
alter contractile function and refractory period. 
Knowledge of the precise actions of propofol and 
thiopentone on repolarizing currents at therapeutic 
concentrations should aid understanding of their 
inotropic and chronotropic effects. Therefore, we 
assessed the comparative actions of propofol and 
thiopentone on membrane currents forming the 
repolarization phase of action potentials of isolated 
guineapig ventricular myocytes. 


Materials and methods 


The experimental procedure was approved by the 
Animal Care and Use Committee of Tokyo Medical 
and Dental University. Single ventricular myocytes 
were isolated from guineapig hearts by enzymatic 
dissociation, as described previously”. Briefly, ani- 
mals weighing 300-400 g were anaesthetized with 
sodium pentobarbitone 40-50 mg kg" i.p. after 
heparinization (300 u. kg’ iv.). The chest was 
opened during artificial ventilation and the aorta was 
cannulated in situ and then perfused with Tyrode’s 
solution before the heart was dissected out. Using a 
Langendorff apparatus, the heart was perfused retro- 
gradely at 37 °C with low-Ca™ (30 pmol litre”) 
Tyrode’s solution, followed by perfusion with 0.04% 
collagenase (type 1, Sigma Chemical Co., St Louis, 
MO, USA) dissolved in low-Ca* Tyrode’s solution 
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for about 20 min. Single cells were obtained by gen- 
tle agitation of small pieces of ventricular tissue in a 
beaker containing the high-K’, low-Cl solution (KB 
medium") and stored at 4 °C. The preparations were 
transferred to a recording chamber filled with bath 
solution (normal Tyrode), which was placed on the 
stage of an inverted phasecontrast microscope (Dia- 
phot TMD, Nikon, Tokyo, Japan). A single isolated 
cell with a smooth surface and clear striations was 
selected for electrical measurements. Electrophysi- 
ological experiments were performed within 12 h of 
cell isolation. 

Test solutions of propofol (2,6-diisopropylphenol; 
Zeneca, Macclesfield, UK) were obtained by adding 
appropriate amounts of an aqueous emulsion (1% 
(w/v) propofol in 10% (w/v) soya bean oil, 1.2% 
(w/v) egg phosphatide and 2.25% (w/v) glycerol) to 
normal Tyrode’s solution. Thiopentone (5-ethyl-5(1- 
methyl butyl)2-thiobarbiturate; Tanabe Pharmaceut 
Co., Osaka, Japan) was prepared freshly before every 
experiment. This agent was also diluted in normal 
Tyrode’s solution to obtain the final concentrations 
indicated in the text. All anaesthetic concentrations 
in this study, therefore, are expressed as free concen- 
trations in aqueous solution. 

The composition of normal Tyrode’s solution used 
in cell dissociation and the bath solution was (mmol 
litre"): NaCl 144, NaH,PO, 0.33, KCI 4.0, CaCl, 
1.8, MgCl, 0.53, glucose 5.5 and HEPES 5.0, and 
the pH was adjusted to 7.3-7.4 by adding NaOH. 
The high-K*, low-Cl solution had the following com- 
position (mmol litre"): K-glutamate 70, taurine 15, 
KCI 30, KH PO, 10, MgCl, 0.5, glucose 11, EGTA 
0.5 and HEPES 10, and the pH was adjusted to 7.4 
by adding KOH. The composition of the pipette 
solution used in recording action potentials and 
membrane currents was (mmol litre"): KCl 130, 
KATP 5.0, creatine phosphate 5.0, EGTA 0.2 and 
HEPES 5.0, and the pH was adjusted to 7.2 with 
KOH. For isolation of Icar, the pipette solution 
replacing internal K* with Cs* and a TEA-rich exter- 
nal solution for Na* were used. The TEA-rich 
solution contained (mmol litre’): TEA-Cl 154.0, 
CaCl, 2.0, MgCl, 2.0, glucose 10.0 and HEPES 
10.0, and the pH was adjusted to 7.4 with TEA-OH. 
The pipette solution contained (mmol litre’): CsCl 
110.0, TEA-Cl 20.0, CaCl, 0.068, MgCl, 4.0, 
BAPTA 5.0, HEPES 10.0, K,ATP 5.0 and cAMP 
3.0, and the pH was adjusted to 7.2 with CsOH. 

The whole-cell variation of the patch-clamp 
technique was used to record action potentials and 
membrane currents using an amplifier (Axopatch 
1C, Axon Instruments, Foster City, CA, USA) and 
low-pass filtered at 10 kHz. Action potentials and 
membrane currents were recorded under whole-cell 
current-clamp and voltage-clamp modes, respec- 
tively. Acquisition and analysis of the data, and gen- 
eration of the stimulus procedure, were performed 
with the pCLAMP software package (version 5.5.15 
Axon Instruments). The temperature of the per- 
fusion chamber was maintained at 35-36 °C. At the 
beginning and end of each experiment, the junction 
potentials between the pipette and bath solutions 
were checked and if differences in the two values 
were more than 2 mV, membrane potential was cor- 
rected accordingly. The resistance of the pipette filled 
with standard pipette solution was 2-4 MQ. Test 
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solution was applied to the bath solution at 
concentrations indicated in the text for 5—10 min of 
the observation. The washout data were observed 15 
min after removal of the drug from the bath solution. 
Some depression of membrane currents after adminis- 
tration of drug may result from “rundown”, and there- 
fore data were excluded if washing with control solution 
did not yield recovery to at least 80% of control. 

To. examine the kinetics of caz, produced by the 
drug, the time course of development was assessed by a 
curve-fitting procedure using a simple non-linear least- 
squares algorithm on a personal computer (BM-AT). 
The formula for the curve fitting used in this study is: 
Toa =Ayexp(—bC,)+A,exp(—bC2)+Azexp(—bC3) tA 
where b=pulse number or time, and C,, C, and 
C3=onset rates. Applicability of either one, two or 
three exponential functions was always examined 
using the F test. 

All values are expressed as mean (SEM). Statistical 
significance of a drug treatment was determined by 
paired or unpaired Student’s t test; P<0.05 was con- 
sidered significant, except in the F test where P<0.01 
was significant. 


Results 


EFFECTS OF PROPOFOL AND THIOPENTONE ON ACTION 
POTENTIALS 
Propofol 0.1 pmol litre’ had no effect on action 
potential variables (n=4, fig.1a). Propofol shortened 
APD at 90% repolarization (APD,9) at concentra- 
tions of 0.5 pmol litre’ or greater (P<0.05). At con- 
centrations of 1 pmol litre’ or higher, propofol short- 
ened APD at 20% repolarization (APD) (P<0.05). 
Propofol changed neither action potential amplitude 
(APA) nor resting membrane potential (RMP) 
(fig.1a, table 1). Administration of the vehicle alone 
(0.002% Intralipid; Otsuka Pharmaceutical Co., 
Tokyo, Japan), in an amount equal to that contained 
in propofol 10 pmol litre’, did not significantly affect 
action potential variables (n=5, data not shown). 
Administration of thiopentone 1 pmol litre’ had 
little effect on APD or APDoy. Thiopentone 10 
umol litre’ induced prolongation of APDo) (n=5, 
P<0.05) without change in APD. (table 1). At 50 
and 100 umol litre’, thiopentone caused a decrease 
in RMP (P<0.05) and shortened APD, (P<0.05). 
The prolonged APD,, was abbreviated by thiopen- 
tone 50 and 100 pmol litre’; values were almost the 
same as those of the control (fig. 1B, table 1). 


EFFECTS OF PROPOFOL AND THIOPENTONE ON 
MEMBRANE CURRENTS 


Figure 2 shows the changes in current-voltage 
relationships (A) and current traces (B) induced by 
the two agents. At concentrations of 1 umol litre’ or 
higher, propofol had almost no observable effects on 
the late current at potentials negative to —30 mV, 
which reversed its polarity at about —90 mV. Propo- 
fol decreased the late current at voltages positive to 
—30 mV. These results suggest that propofol reduced 
Ix but had no detectable effect on Jg,. In addition, 
propofol depressed the initial peak inward current on 
depolarization from —30 mV without change in its 
reversal potential. 
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Figure 1 Effects of propofol and thiopentone on action potentials. Action potentials were elicited by applying rectangular pulses with a 
5-ms duration at a frequency of 0.2 Hz to ventricular myocytes, 5—6 min after achieving the whole-cell current-clamp and their 
configurations became stable. Propofol and thiopentone were then applied to the bath solution at concentrations of 0.1 (C), 0.5 (V), 1 
(@), 10 (A) and 50 (W) pmol litre’ and 1 (@), 10 (A), 50 (HD and 100 (@) pmo! litre’ in a successive manner, respectively. O= Control. 
V= Washout of drug. Action potentials were recorded from a single preparation. 


Table 1 Effects of propofol and thiopentone on variables of the action potential in guineapig ventricular myocytes (mean (SEM)). C = 
control, P = propofol, T = thiopentone, W = washout, RMP = resting membrane potential, APA = action potential amplitude. *P < 0.05, 
** P< 0.01 vs control; t P < 0.05, +f P < 0.01 us drug 








n RMP (mV) APA (mV) APD,, (ms) APD,o (ms) 
Propofol (umol litre!) 
C —84.8 (1.2) 135.8 (2.6) 157.8 (7.3) 253.9 (11.2) 
0.5 5 P —85.4 (3.2) 133.0 (3.3) 147.8 (10.8) 235.0 (10.5)* 
Ww —85.8 (2.3) 132.4 (4.0) 153.8 (7.7) 243.8 (10.2) 
C -84.4 (0.9) 137.5 (0.9) 150.2 (9.9) 248.1 (12.2) 
1 11 P -81.5 (1.0) 136.3 (1.1) 124.8 (15.0)* 211.7 (16.1)** 
Ww -82.9 (1.0) 137.1 (1.2) 141.7 (10.0) 235.2 (14.0)tt 
C —84.2 (0.9) 132.0 (2.2) 156.4 (10.4) 245.3 (14.6) 
10 7 P —83.2 (1.1) 130.9 (2.2) 124.0 (16.1)* 206.1 (17.8)** 
w -83.2 (1.1) 131.6 (2.0) 150.2 (7.4)} 237.7 (8.1)44 
Cc —84.2 (2.0) 134.8 (2.1) 151.4 (16.2) 246.4 (23.7) 
50 8 P —82.0 (2.5) 133.9 (2.2) 109.4 (25.7)** 196.7 (34.6)** 
wW —83.0 (2.4) 135.0 (2.1) 143.5 (18.8)++ 237.4 (25.8)Tf 
Thiopentone (pmol litre”) 
Cc —84.5 (2.0) 136.4 (1.3) 171.2 (24.1) 277.5 (28.2) 
1 4 P —84.8 (2.4) 136.8 (1.3) : 188.6 (19.5) 295.7 (23.6) 
WwW ~85.1 (2.1) 135.5 (1.2) 170.4 (21.8) 276.5 (25.3) 
Cc —84.2 (2.0) 135.6 (1.4) 161.7 (21.0) 263.2 (22.0) 
10 5 P -82.6 (2.3) 136.1 (1.6) 187.5 (17.7) 297.2 (23.6)* 
WwW —83.2 (2.2) 134.9 (1.3) 163.4 (20.0) 263.4 (19.5)t 
C —83.8 (2.1) 136.9 (1.1) 183.6 (37.4) 254.2 (26.6) 
50 4 P 77.4 (3.7)* 134.5 (2.2) 156.4 (41.0)* 271.8 (33.5) 
wW —=77.7 (3.9) 135.0 (0.8) 170.0 (36.8)f 238.2 (25.8) 
C -83.7 (1.6) 134.9 (1.1) 172.5 (37.7) 270.8 (42.2) 
100 4 P -73.8 (2.3)** 129.4 (3.6) 136.3 (30.1)* 269.7 (36.1) 
w -76.9 (1.9) 134.4 (1.4) 155.9 (34.1)t 250.0 (38.4) 
At concentrations of 10 pmol litre’ or higher, thio- Ix, and Zg. Thiopentone decreased the late current 


pentone suppressed the late current at all voltages at test pulses to -110 mV to 89.2 (1.9) % (10 pmol 
tested, suggesting that thiopentone depresses both litre’; ns vs control as 100%), 82.7 (5.5) % (50 pmol 
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Figure 2 Effects of propofol and thiopentone on membrane currents. (4) Current—voltage relationship. Membrane currents were elicited 
by depolarizing or hyperpolarizing voltage steps from the holding potential of -30 mV for 1000 ms at 0.1 Hz. The late current was 
measured by the current level at the end of test pulses. The peak inward current was measured as the difference between the initial peak 
inward current on depolarizing and the control holding current level. O=Control. @= Drug 1 umol litre’; A=drug 10 pmol litre”; 
M=drug 50 pmol litre; ®=drug 100 pmol litre’; V=washout. (8) Current traces in the absence (O) and presence of propofol 1 pmol 
litre’ (@) or thiopentone 10 pmol litre” (A) were superimposed at each voltage step (mV). 


litre’; P<0.05) and 67.3 (8.0) % (100 pmol litre”; 
P<0.05) (n=5). After washout of thiopentone 100 
umol litre’, the current recovered to 89.1 (3.1) % of 
control (n=5; P<0.05 vs 100 umol litre’). The late 
current positive to ~30 mV was decreased by the 
drug. Thiopentone also suppressed the initial peak 
current on depolarization from —30 mV. 


EFFECTS OF PROPOFOL AND THIOPENTONE ON Toa 


Propofol and thiopentone decreased the initial peak 
inward current on depolarization (fig. 2), suggesting 
suppression of Icar. Therefore, we examined the 
effects of these agents on isolated Icar, (fig. 3). The 
amplitude of Ic, ;, was decreased to 88.4 (1.8) % by 
propofol 1 pmol litre’ (n=5; P<0.01 vs control as 
100%) and 75.0 (5.3) % at propofol 10 pmol litre’ 
(n=5; P<O.01) at a frequency of 0.2 Hz. The currents 
recovered to 87.8 (2.8) % (P<0.05 vs 10 umol litre") 
after washout of propofol 10 pmol litre’. Administra- 
tion of thiopentone 10 and 100 pmol litre’ decreased 
Icar to 88.5 (1.2) % (n=5; P<0.01 vs control as 
100%) and 82.8 (1.6) % (n=5; P<0.01), respectively. 
After washout of thiopentone 100 pmol litre’, the 
current recovered to 89.7 (2.4) % of control (P<0.01 
vs 100 pmol litre”) (fig.3a). 


Use-dependent block of I¢,;, by propofol and 
thiopentone was examined by applying 11 depolariz- 
ing pulses at 0.2 Hz or 50 pulses at 1 Hz (fig.38). In 
the absence of drug (control), the currents at the 
11th (0.2 Hz) or 50th (1 Hz) pulse were decreased by 
6% or less of the first pulse of Icar. Thus 
steady-state I,,; was 94% or the higher of the 
current as the first pulse. In the presence of propofol 
1 pmol litre’, Icax at the 11th pulse at 0.2 Hz was 
decreased to 91.8 (1.0) % of the current at the first 
pulse (P<0.01; n=4). The current at the 50th pulse at 
1 Hz was decreased to 60.0 (4.9) % (P<0.05; n=4). 
In the presence of thiopentone 10 pmol litre’, I, 7, at 
the 11th pulse at 0.2 Hz was suppressed to 90.0 (2.0) 
% of the first pulse (P<0.05; n=4) and the current at 
the 50th at 1 Hz was 68.0 (5.3) % of the first pulse 
(P<0.05; n=4). Therefore, both drugs produced use- 
dependent block of Icar. 


EFFECTS OF PROPOFOL AND THIOPENTONE ON THE 
KINETICS OF caL 


The inactivation time course of Icar, was analysed 
using the current evoked by depolarization to +10 
my at 0.2 Hz with the voltage procedure similar to 
figure 38. The time course of the current was well fit- 
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Figure 3 Effects of propofol and thiopentone on Icea.. (A) Current—voltage relationship. Ic. ; were activated by stepping to different 
depolarized levels in 10-mV increments for 200 ms after the conditioning pulse to —40 mV for 100 ms from the holding potential of —80 
mV to inactivate the fast Na* and T-type Ca” currents. The current traces of Ig, (inset) were evoked at test potential to 0 mV. (B) 
Use-dependent block of Ica , was examined by applying test pulses at 0.2 Hz or 1.0 Hz for periods of 50 s. Ica 1, evoked by the test pulse 
consisted of 200ms depolarizing pulses to +10 mV preceded by 100-ms depolarizations to —40 mV from a holding potential of —-80 mV. 
The current amplitudes were normalized to the current amplitude of the first pulse. 


ted to the sum of two exponentials with the fast (t 
fast; 9.0 (1.8) ms) and slow (t slow; 64.0 (4.8) ms) 
time constants in the control (n=7). Administration 
of propofol 1 and 10 pmol litre’ increased + fast to 
10.1 (1.8) ms (P<0.05) and 12.6 (2.0) ms (P<0.01), 
respectively, with no change in t slow. In contrast, 
thiopentone 10 and 100 umol litre’ decreased t slow 
from 66.4 (3.6) ms in the control (n=12) to 57.1 
(3.4) ms (P<0.01) and 49.0 (3.6) ms (P<0.01), 
respectively, without affecting t fast, Washout of thio- 
pentone reversed t slow to 60.6 (5.1) ms (P<0.01 ws 
thiopentone 100 pmol litre"). 

Effects of the drugs on steady-state inactivation 
and activation processes of Icar, were evaluated. 
Steady-state inactivation curves (f) were drawn by 
least-square fitting to the empirical Boltzmann equa- 
tion to the mean values from each group of data: 

f.=1/(1+exp((Vm—Vh)/s)) 
where Vm=pre-pulse potential, Va=membrane volt- 
age at which Ica is half maximal, and s=slope factor. 
Under control conditions, Vh and s were —19.4 (0.2) 
mV and 5.7 (0.2) mV, respectively (n=5). These val- 
ues did not change significantly during administra- 
tions of drugs (fig. 4a). 


Steady-state activation curves (d,,) were drawn by 
fitting the Boltzmann equation to data points of the 
mean values: 

d,.=1—1/(1+exp((Vm—Vh)/s)) 
where Vm=membrane voltage, Vh=voltage, where 
the current amplitude is half maximal, and s=slope 
factor. Control values of Vh and s were -8.2 (0.4) mV 
and 8.9 (0.4) mV, respectively (n=5). Neither anaes- 
thetic had any effect on these variables (fig. 4B). 

We investigated the effects of propofol and 
thiopentone on recovery from inactivation of Icar 
using a double pulse design. Under control condi- 
tions the recovery process was well fitted to a single 
exponential with a time constant of 84.6 (16.4) ms. 
In the presence of propofol 1 pmol litre’, the time 
constant increased to 142.4 (22.9) ms (P<0.05; 
n=7). Similarly, thiopentone 10 umol litre’ increased 
it from a control value of 77.4 (22.6) ms to 106.1 
(24.3) ms (P<0.05; n=5)( fig. 4c). 


EFFECTS OF PROPOFOL AND THIOPENTONE ON THE 
DELAYED RECTIFIER K* CURRENT 


The drug effects on Ig were estimated by measuring 


Acton of propofol and thiopentone on ventricular myocytes 
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Figure ¢ Effects of propofol and thiopentone on changes in the kinetics of Ica. (a) Steady-state inactivation of Ic.1 was assessed by 
applying conditioning pre-pulses for 1000 ms in 10-mV increments from —30 mV, followed by 200 ms test pulses to +10 mV preceded by 
a 4-ms return to the holding potential of -40 mV, and normalized Ica x was plotted as function of pre-pulse voltage. (B) Steady-state 
activation of Icar, was measured by the inward tail current elicited by depolarizing test pulses of 5 ms duration from a holding potential of 
—40 mV to +50 mV by 10-mV increment. (C) Effects of propofol and thiopentone on recovery from inactivation of fcar. The current 
amplitude evoked by test pulses to +10 mV for 200 ms was elicited after various diastolic intervals ranging from 10 to 1500 ms at —40 


mV, following the conditioning pulse for 200 ms to +10 mV. 


the tail current of Ip Ux tay) on repolarization to —30 
mV. Steady-state activation of Ix... and the drug 
effects are shown in figure 5 (inset). During adminis- 
tration of propofol 1 pmol litre’, Ix taij did not change 
from control, but propofol 10 umol litre significantly 
suppressed the current. Ik mi at test pulses to +80 
mV was decreased to 78.4 (4.0)% of control 
(P<0.01; n=6) in the presence of propofol 10 umol 
litre’. Administration of thiopentone 10 and 100 
umol litre” significantly decreased J, mj at test pulses 
to +80 mV to 78.3 (6.9) % (P<0.05 vs control as 
100%; n=4) and 27.0 (4.2)% (P<0.01; n=4), 
respectively. After drug washout, Ikta recovered to 
91.7 (3.2) % (P<0.05 vs propofol 50 pmol litre’; 
n=6) and 84.6 (4.4) % (P<0.05 vs thiopentone 100 


pmol litre’; n=4), respectively. The normalized 
activation curves of lkw were fitted to the 
Boltzmann equation (fig. 5). Vh was 20.3 (0.2) mV 
and s was 15.6 (0.2) mV in the control (n=11). These 
values remained almost unchanged during adminis- 
tration of drug (n=11 for propofol and n=5 for thio- 
pentone), except for a slight negative shift by 
thiopentone 100 pmol litre’. 


Discussion 

We have demonstrated that at concentrations of 0.5 
umol litre’ or higher, propofol shortened APD with- 
out affecting RMP, and thiopentone had a biphasic 
effect on APD. Thiopentone 10 pmol litre’ pro- 
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longed APD while concentrations higher than 50 
umol litre’ decreased RMP and abbreviated the pro- 
longed APD to the control level. Propofel at concen- 
tration greater than 1 pmol litre’ suppressed mainly 
Ioax, With minimal changes in Ig without affecting 
Ix,. In contrast, thiopentone 10 pmol litre’ predomi- 
nantly suppressed J, with mild suppression of Ica 
and minimal effects on Iz,. At concentrations of 50 
umol litre? or higher, thiopentone profoundly de- 
pressed Icar I and Igi. These results at high 
concentrations are generally in agreement with 
previous reports***!?’*, 

Because the main currents underlying the plateau 
and repolarization phases of action potentials in guine- 
apig ventricular myocytes are Icar Ik and Iki” 
changes in action potentials can be ascribed mainly to 
the different potencies of the drugs against these mem- 
brane currents. Although at high concentrations propo- 
fol suppressed both Icar and f°”, the main target 
channel of the drug at lower concentrations has not 
been clarified. Anaesthetic ECs concentrations of pro- 
pofol and thiopentone required for lack of response to a 
painful stimulus are 0.4 umol litre’ and 25 pmol litre” 
in free aqueous phases, respectively”. The low concen- 
trations used in the our experiments (propofol 1 umol 
lire’ and thiopentone 10 pmol litre’) correspond 
approximately to the therapeutic concentrations of the 
two agents. Our data clearly demonstrated that propo- 
fol, at clinically relevant concentrations, predominantly 
suppressed Ica. with minimal or no action on I, while 
thiopentone, at clinically relevant concentrations, was 
found to exert a preferential action on J, rather than 
Tear and. Irai 

Barbiturates such as pentobarbitone and thiopen- 
tone most likely affect similar parts of the GABA, 
receptor, therefore, a confounding effect of a 
previous pentobarbitone anaesthetic may affect the in 
vitro results of subsequent thiopentone exposure. To 
the best of our knowledge, however, there has been 
no report describing the existence of GABA, recep- 


tors in heart tissue. In addition, the effects of pento- 
barbitone on the cell membrane are not expected to 
affect the outcome of this study in view of the exten- 
sive washing and equilibration periods, including the 
cell isolation procedures, before the experiments 
were performed. 

The most distinct difference in the membrane 
actions of the two i.v. anaesthetics was suppression of 
K* currents. Propofol exerted minimal suppression 
of I, at low concentrations (1 umol litre") when Icar 
was depressed, but had no effect on J,,, even at high 
concentrations (50 pmol litre’). In contrast, thiopen- 
tone significantly suppressed J, at low concentra- 
tions (10 umol litre”) with a mild effect on Ig, ;, and 
at high concentrations exhibited strong suppression 
on Ig with moderate effects on J,,. Concentration- 
dependent depression of Ix, by thiopentone at 
concentrations greater than 10 pmol litre’ was also 
reported in frog atrial and guineapig ventricular 
myocytes’. These may contribute to the different 
effects of propofol and thiopentone on APD. 

Recent studies have highlighted the existence of at 
least two components of Jy: fast activating Ix (k) 
and slow activating Ix (I,,)”. Although we did not 
examine selective inhibition of the two components 
of Iz, it is conceivable that propofol and thiopentone 
have a predominant blocking action on Ig, because 
of the pulse design (1000 ms depolarization) used 
and dominant J, in guineapig ventricular myo- 
cytes”. Suppression of J, induces depolarization of 
RMP and prolongation of APD. While the latter 
action may exert prevention of re-entrant arrhyth- 
mias because of the long refractory period, similar to 
class HI antiarrhythmic agents, the former induces 
serious effects on arrhythmogenesis. A decrease in 
RMP inactivates the fast sodium current (Uy, fast) tO 
cause slowing of cardiac impulses. This may facilitate 
development of re-entry and produce abnormal 
automaticity. Additionally, depolarization of RMP 
may account for the negative inotropic effect because 


Action of propofol and thiopentone on ventricular myocytes 


it promotes inactivation of Ic, x under certain condi- 


tions. Therefore, thiopentone may be more responsi- 
ble for the proarrhythmic and negative inotropic 
actions in ischaemic heart”. 

Three iv. anaesthetics, ketamine 100 pmol litre’, 
methohexitone 100 pmol litre’ and propofol 28 pmol 
litre’, have been shown to have different actions on Ix; 
and Ik”. Ketamine, thiopentone, etomidate, propofol 
and midazolam at relatively high concentrations were 
shown to depress the transient outward K* current (Je) 
in canine ventricular myocytes”. Our study demon- 
strated that propofol and thiopentone had different 
selectivity of effects on two voltage-dependent K* 
currents. This evidence suggest that i.v. anaesthetics 
have specific site(s) of actions on the cardiac cell mem- 
brane, such as individual ion channels™ or the lipid 
environment of the channel, or both, to exert their 
effects”, rather than a generalized membrane effect. 

Both anaesthetics not only suppressed cay but 
also affected current kinetics in a slightly different 
manner. Although the values of J,,; measured 
included components of “rundown”, propofol and 
thiopentone at clinically relevant concentrations sup- 
pressed the peak amplitudes of Ica. These results 
indicate that propofol and thiopentone at anaesthe- 
tizing concentrations depress cardiac contractility, at 
least partly as a result of abbreviation of Ca”*-influx 
through the sarcolemma. Compared with an equipo- 
tent dose of propofol, the decrease in the amount of 
Ca” influx produced by thiopentone may be smaller 
than that produced by propofol in each action poten- 
tial because of prolonged APD in the former. This 
observation is compatible with reports that the 
cardiodepressant effects of propofol are more pro- 
nounced and more prolonged than those of equipo- 
tent doses of thiopentone when given as a single 
bolus”. This explanation, however, conflicts with 
most of the previous studies that showed that propo- 
fol had little or no effect on cardiac contractility’ ”, 
or was less potent than thiopentone**. 

There may be additional factors involved in the 
modification of Ca influx and cardiac contractility 
by these drugs. During excitation—contraction cou- 
pling, Ca” release from the sarcoplasmic reticulum 
and trans-sarcolemmal Ca” entry are two main 
sources for the Ca” supply, but the contribution of 
each component may differ in various species (higher 
dependence on sarcoplasmic reticulum Ca’*-release 
in the order of rat>dog, cat>human>guineapig, 
rabbit>frog ventricle)”. Thiopentone’” but not pro- 
pofol?’ has been reported to impair sarcoplasmic 
reticulum function. In addition, propofol was shown 
to reduce the second inward current during action 
potential plateau or depolarizing pulses at positive 
voltages which was carried presumably by the 
Na*-Ca™ exchange mechanism’. Reduction of this 
inward current could also be partly attributed to the 
negative inotropic effect of propofol. 

In summary, we found that propofol suppressed 
mainly Ica 1 with minimal depression of J, and little 
or no change in J,,, while thiopentone, at clinically 
relevant concentrations, demonstrated predominant 
block of I rather than I, and kı. The distinct 
suppressive effects on cardiac function of propofol 
and thiopentone.may result, at least in part, from the 
different actions.on membrane currents forming the 
repolarization phase of action potentials. 
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Dose-response curve for anaesthetics based on the Monod—Wyman- 


Changeux model 


T. Iwar, H. Konara, K. IMAIAND AND M. UCHDA 


Summary 

We have analysed the dose-response curve for 
halothane and isoflurane according to the 
Monod-Wyman-Changeux (MWC) model. This 
model describes the nature of the physiological 
data reported by Wakamori, !|kemoto and Akaike 
for inhibitory Cl currents induced by GABA or 
glycine in dissociated rat brain neurones and by 
Herrington and colleagues for Ca currents in 
clonal pituitary cells. With some assumptions on 
the difference in response to anaesthetics be- 
tween patients, the model is applicable in vivo, 
and it also describes well the human dose- 
response curve for isoflurane reported by 
Mather, Raftery and Prys-Roberts. However, the 
steeply sigmoidal dose-response curve in humans 
for halothane presented by deJong and Eger is 
difficult to understand with the same model, 
because it gives rise to unrealistic MWC vari- 
ables. (Br. J. Anaesth. 1996;77:517-521) 


Key words 
Anaesthetics volatile, halothane. Anaesthetics volatile, iso- 
flurane. Model, mathematical. 





The mechanism of action of anaesthetics is still con- 
troversial. Because the potencies of volatile anaes- 
thetics increase in proportion to their solubility in oil, 
it has been proposed that general anaesthetics act by 
disturbing the structure or dynamic properties of the 
lipid—-bilayer portions of nerve membranes. Such 
perturbations, however, were found to be extremely 
small at concentrations used clinically. In contrast, 
physiological studies indicate that specific interac- 
tions occur with membrane proteins, such as 
receptors and ligand-gated ion channels, and these 
receptors have been proposed as sites of anaesthetic 
action’?. For example, the y-aminobutyric acid 
(GABA) receptor is very sensitive to most volatile 
anaesthetics; inhalation agents, halothane and enflu- 
rane, at surgical concentrations, markedly enhanced 
inhibitory currents induced by GABA, causing a shift 
in the dose-response curve (response of current to 
GABA concentration) to lower GABA concentra- 
tions’. Moss, Franks and Lieb demonstrated that the 
activity of a soluble lipid-free enzyme, firefly 
luciferase, was inhibited by a range of anaesthetics at 
concentrations close to their respective ECs, values’. 
Some agents with optical isomers show stereoselec- 
tivity. This suggests that anaesthetics may act by 
binding directly to proteins. 


Changeux has reviewed the most thorough study on 
the nicotinic acetylcholine receptor, and demon- 
strated the allosteric nature of ligand-gated ion chan- 
nels’. The dose-response curve determined experi- 
mentally suggests binding of anaesthetic molecules 
to a receptor protein molecule. In this article, we 
have analysed the behaviour of anaesthetics in the 
framework of the Monod—Wyman—Changeux 
(MWC) model’, which has been used successfully to 
understand the behaviour of allosteric protein 
molecules". We refer to the electrophysiological 
data reported by Wakamori, Ikemoto and Akaike’ 
and by Herrington and colleagues” to see how well 
the MWC model works. We then analyse the data on 
anaesthetic potency for humans presented by deJong 
and Eger? and by Mather, Raftery and Prys- 
Roberts” on the basis of the MWC model. 


Methods 


IN VITRO DOSE-RESPONSE 

According to the MWC model’, we assume that a 
receptor protein molecule has two different confor- 
mations, R and T, each of which contains r binding 
sites for a ligand X; the sites are similar and 
independent. The whole system is assumed to be in 
equilibrium. The R form is termed anaesthetic- 
sensitive, because anaesthetic molecules (the ligand) 
bind more readily to the R form of the receptor mol- 
ecule than to the T form. The binding equilibrium 
constant Ky for a site on the T-form molecules is 
usually much smaller than that for the R-form 
molecules, Kp, so that the ratio c (=K7/Kg) is much 
smaller than unity. However, in the absence of anaes- 
thetic ([X]=0) , most of the receptor molecules are in 
the T form; the equilibrium constant for the R=T 
transition, L(=[T]/[R]), is usually much greater than 
unity. Hence there is near-zero response at low con- 
centrations of ligand. As the concentration of ligand 
increases, the ligand binds mainly to the R-form 
molecules giving combined molecules RX, RX,, 
RX,, as one, two and three of the receptor sites on 
the R-form molecules become occupied with ligand 
X. In addition, there are some TX, TX,, TX, mol- 
ecules, and the numbers of the RX; molecules is 
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equal to that of the TX; molecules (f =0, 1, 2,..., 1) at 
the ligand concentration giving 50% response. Even- 
tually, at high concentrations of X, almost all the 
receptor molecules are in the RX; form and the 
response is maximal. At all concentrations of X, the 
response, expressed as a fraction Z of the maximum, 
is considered to be equal to the amount of RX; mol- 
ecules as a fraction of the total RX; and TX; 
molecules. The MWC formulation (appendix) gives 
the fractional response Z as follows: 


a a (1) 
(1+K,x)'+L(1+cK px)’ 


where x=ligand concentration at receptor sites: x 
=[X]. The MWC variables of the equilibrium 
process, Kp, c, L and the number of sites r, should be 
determined from reasonable fitting to the experimen- 
tal dose-response data. 

In practice, we determined those variables using 
the Hill approximation. The experimental dose- 
response curve is conventionally expressed by: 


Be (2) 
I- ex 
where n=the Hill coefficient and is a measure of 
cooperativity (n >1 is the condition of cooperativity). 
When n is large, the curve shows high cooperativity 
and is steep in shape. Constant x,, is the x value at a 
half-maximal point (v=50%). The Hill coefficient n 
can be determined from the Hill plot, In[y/(1—y)] vs 
Inx, in which the slope at x=x,, gives the value. 
Starting from those values estimated graphically, we 
determined the Hill variables, n and x,,, using the 
least-square fitting of equation (2) to the data points. 

According to Colosimo, Brunori and Wyman", if 
the experimental dose-response curve is symmetrical 
with respect to the half-maximal point x=x,,, it 
follows that: 


L=c™ (symmetrical condition) (3) 
and 
Kg*„ =c" andn = any (4) 


We assumed some integer for r (larger than the Hill 
coefficient n) at first and then obtained other 
variables from equations (3) and (4). We attempted 
to determine the final r value for which the MWC 
curve, Z=Z(x), fits best to the experimental one 
through trials with different r values. 


IN VIVO DOSE—RESPONSE 


The basis of a clinical dose-response curve is essen- 
tially different from that of an in vitro, dose-response 
curve, because the clinical curve is based on statistics 
of the logit or probit model. Thus we cannot apply 
the MWC model to the in vivo case by itself. We 
assume, however, that some log-normal distribution 
of the in vivo curve, instead of a delta function, 
against anaesthetic concentration is caused by the 
difference between individual patients in threshold 
concentrations required for not responding to surgi- 
cal incision. First, we assume that all individuals have 
the same receptor molecules in sufficient concentra- 
tions to respond. Second, we assume that such 
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thresholds are determined by fractions of active 
combined molecules RX; to the total TX, and RX, 
molecules. In other words, we assume that 
anaesthetic-sensitive patients do not respond to sur- 
gical incision even at low fractions, while non- 
sensitive patients still respond at high fractions. 
Using this assumption the dose-response curve 
derived from our MWC model is consistent with sta- 
tistics of the univariate binary model. Third, we 
assume that the anaesthetic concentration is the 
same as the ligand concentration at receptor sites. 
Based on these assumptions we apply the MWC 
model to analyse in vivo and in vitro dose-response 
data. We consider that the fractional response Z in 
equation (1) is the percentage of patients not 
responding to anaesthetics and x is the anaesthetic 
concentration. 


Results 


IN VITRO DOSE-RESPONSE 
As an example of a ligand-receptor system, we 
referred to the electrophysiological results of 
Wakamori, Ikemoto and Akaike in dissociated CNS 
neurones of the rat’ , and examined the MWC model 
in the following cases: normalized response of the Cl 
current evoked by GABA 3x10° mol litre’ and 
glycine 2x10° mol litre’ as a function of halothane 
concentration x. We determined the Hill variables as 
follows: n=1.8 and x,,=0.21 mmol litre’ for GABA; 
n=1.9 and x,,=0.37 mmol litre’ for glycine. These 
half-maximal concentrations are comparable with 
clinical concentrations; MAC of halothane is 
0.75%atm, which gives a concentration of 0.24 
mmol litre’ in the water phase at 37 °C. We then 
evaluated the three variables in the MWC model 
using equations (3) and (4) for several r values for 
GABA (fig. 1) and for glycine (fig. 2). In both cases, 
the MWC curves described well the sigmoidal nature 
of the experimental dose-response curves, but we 
could not definitively determine the r values. As seen 
in reference’, more data points are necessary to 
determine exactly the number of sites r. Among those 
MWC curves, that for r=2 agreed with its respective 
Hill curve, and the error sum of squares was smaller 
for r=2 than for the others in both cases. From these 
we set r=2 for both cases, and the MWC variables for 
r =2 and the related Hill variables are listed in table 1. 
We also examined the MWC model for the effect 
of halothane on the high-threshold component Ca” 
current of clonal (GH3) pituitary cells reported by 
Herrington and colleagues", as an example of ion 
channels. The Hill variables were determined as 
n=1.6 and x,,=0.84 mmol litre’. It is noted that the 
half-maximal concentration x, is three or four times 
larger than the clinical concentration. Figure 3 shows 
our MWC curves for various r values and their data 
points. Here we also failed to determine definitively 
the r value, but the cooperative nature of the experi- 
mental curve was expressed well by the MWC model 
and the Hill approximation. As seen in figure 3, the 
MWC curve for r=2 is close to the Hill curve, and the 
error sum of squares is smaller than for the others. 
For the same reasons as mentioned above, we set 
r=2, and the MWC variables are listed in table 1. 
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Figure 1 Response relationship of GABA-induced CI current to 
halothane concentration. The solid curve was obtained from the 
MWC calculation for r=2; the curve of the Hill approximation, 
n=1.8 and x,,=0.21 mmol litre’, is on the same solid curve. The 
broken curves are those for r=4, 8 and 10, which agree with each 
other within the limit of errors. Data points were read from’; the 
response was normalized to the peak current induced by GABA 
3x10* mmol litre” alone. 
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Figure 2 Response relationship of glycine-induced CI current to 
halothane concentration. The solid curve was obtained from the 
MWC calculation for r=2; the curve obtained from the Hill 
approximation, n=1.9 and x,, =0.37 mmol litre’, is on the same 
one. The broken curves are those for r=4, 8 and 10, which agree 
with each other within the limit of errors. Data points were read 
from’; response was normalized to the peak current induced by 
glycine 2x10° mmol litre" alone. 


IN VIVO DOSE-RESPONSE 


Anaesthetic dose-response data in humans were 
reported by deJong and Eger for halothane”, and by 
Mather, Raftery and Prys-Roberts for isoflurane”. 
For halothane, figure 4 shows the Hill curves for 
various n values, where x,,=0.75 %atm =0.24 mmol 
litre’, together with the data points”. The least- 
square fitting of equation (2) gave x,,=0.24 mmol 
litre’? and n=27, which is much larger than n<2 for 
the im vitro results mentioned above. In this case, it 
was not possible to determine the number of binding 
sites and it is only possible to note that the r value is 
an integer more than 27 (see equation (4)). Our 
trials for r=28, 30.and 40 gave MWC curves which 
agreed with each other and with the Hill curve for 
n=27. The MWC variables for r=30 are listed in 








0.01 0.05 0.1 0.6 1 5 10 
X (mmol litre") 


Figure 3 Concentration dependence of block of Ca** current by 
halothane. The solid single curve was obtained from the MWC 
calculation for r=2, the solid heavy curve for r=4, 8 and 10 and 
the broken curve is the Hill approximation: n=1.6 and x,,=0.84 
mmol litre’. Data points were read from". 


Table 1 Hill variables n and x,,, and MWC variables Ky, Krs € 
and L, and the number of binding sites r. A was determined 
from’ for GABA-induced CI” current (fig. 1); B from’ for 
glycine-induced CI” current (fig. 2); C from" for Ca** current 
(fig. 3); D from” for humans (fig. 4); and E from“ for humans 
(fig. 5). A to D halothane, E = isoflurane 


Xm Kpr Kr 
(mmol (mmol (mmol 
n r litre) litre™') litre™) c L 

A 1.8 2 0.21 90 0.25 2.8x107 360 

B 1.9 2 0.37 105 0.069 6.6x107 1520 

C 16 2 0.84 11 0.13 1.2x10? 81 

D 27 30 0.24 79 0.22 2.8x107 2.3x10* 
%atm (%atm) (%amm)™ 

E 36 4 1.03 18 0.052 2.8x10” 1.3x10* 
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Figure4 Anaesthetic potency of halothane in humans. All 
curves are obtained from the Hill approximation. The solid curve 
is for n=27 and agrees with the MWC curve for r=30; the four 
broken curves are for n=10, 20, 30 and 40 in order of steepness, 
of which the n values of 10 and 40 are indicated. x,,=0.24 mmol 
litre'=0.75 %atm. Data points were referred to’?. 


table 1 as an example. Notice that the L value is of 
the order of magnitude of 10° which is unrealistically 
large. 
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Figure 5 Anaesthetic potency of isoflurane in humans. The solid 
curve was obtained from the MWC calculation for 7=4; the Hill 
approximation, n=3.6 and x,,=1.03%atm, is on the same solid 
curve. The broken curves (- - -and `: ) are for r=8 and 7=12, 
respectively. Data points were referred to”. 


In contrast, the in vivo dose-response curve exhib- 
ited a much lesser slope for isoflurane. A least-square 
fitting of the data points” to equation (2) gave the 
Hill variables as n=3.6 and x,,=1.03 %atm. Figure 5 
shows the data points and our MWC curve for three 
r values. The MWC curve for r=4 gave the smallest 
error sum of squares among the trials with various r 
values. The MWC variables for r=4 and the Hill vari- 
ables are listed in table 1. 


Discussion 


The MWC model describes the nature of the 
dose-response curve in the electrophysiological 
experiments for halothane, although the number of 
binding sites r cannot be determined strictly as yet. If 
we assume that the fractional response is the 
percentage of patients not responding to anaesthet- 
ics, the MWC model also describes the sigmoidal 
nature of the clinical dose-response curve for isoflu- 
rane. In contrast, the human dose-response curve for 
halothane is difficult to understand on the basis of 
the MWC model because of the extremely large 
value of L. 

Mather, Raftery and Prys-Roberts” suggested that 
the steepness of the human dose-response curve 
obtained by deJong and Eger? was apparently 
enhanced because their sampling method tended to 
exclude low and high concentrations. For example, 
the Hill coefficient n, which is a measure of 
steepness, can be estimated to be 3.6” or 8.4” for 
isoflurane. If we assume that such a difference is true 
proportionally for another anaesthetic, the n value 
would be reduced from 27 to approximately 10 for 
halothane. However, it seems that the in vivo curve is 
steeper than the in vitro curve. 

Our in vivo dose-response curve must be governed 
by the statistics of a univariate binary model on our 
assumptions. However, its distribution may not agree 
with the log-normal distribution. In order to check 
the difference between our distribution and log- 
normal distribution, we estimated EC, and EC. 
values for isoflurane from our curve. The values 
obtained were 1.03%atm and 2.36%atm, respec- 
tively, which are in agreement with those of Mather, 
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Raftery and Prys-Roberts (EC5,)=1.00%atm and 
EC,5=2.16%atm)”. 


Appendix 


As mentioned in the text, the MWC model assumes that a recep- 
tor molecule has two conformations, R and T, and each form con- 
tains r binding sites for a ligand X. The equilibrium scheme of the 
ligand-receptor system is as follows: 


X 


X x 
ge Nel Neca ee ee 


Nye rae © TXgw ooo a 
x xX X 


Taking into account the probability factors for the binding of the 
R and T forms to receptor molecules, we have the following equi- 
librium equations: 
[T]=L [R], 
[RX]=r Kg x[R], [TX] =r Kr x[T], 
IRX.]=( (r-1)/2/) Kg’ A [R], (Tele (r “(-1)/2!) Kx [7], 


[RXJ=(r 4 (r-i )!) Kyi x[R], [TX]=(r Vi Kri) Kr x [T], 


[RXJ=Ky’ ¥ IRI, [TX]=K;r [T], 
where x=concentration of ligand X, and Kp and K,=binding equi- 
librium constants for a site in the R form and T form, respectively. 
Then the concentration of the R-form molecules, which is some- 
times called the R state, is given by: 

[R]+[RX]+[RX,]+... +[RX JHC +Kg x)" [R], 
and that of the T-form molecules, the T state, is given by: 

(T]+ [DX] +[TX,] +...4[TXJ=(1+Kp2)[TIHL (1+ Kg x Y[R]. 
Therefore, the fraction of the R-form molecules to the total 
R-form and T-form molecules is expressed by: 

(1+Kpx)' a) 
(14K, x) +L(1+cK, 3)" 
Equation (1) is defined as the state function®’. r2 is the neces- 


sary condition of cooperativity, and cooperativity is marked when 
Lis much greater than 1. 
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Visual evoked potentials and nitrous oxide-induced neuronal 
depression: role for benzodiazepine receptors 


M. Dzoryic, W. ERDMANN AND M. R. Dzorjic 





Summary 

We have examined the role of benzodiazepine 
receptors in nitrous oxide-induced neuronal 
depression in rats. The changes in neuronal 
excitability induced by nitrous oxide and the 
benzodiazepine inverse agonist, Ro15-4513, 
were monitored by measurement of visual 
evoked potentials (VEP). Administration of Ro15- 
4513 10 mg kg’ i.p., in rats breathing air, did not 
affect the amplitude or latency of VEP. However, 
the same concentrations of Ro15-4513 antago- 
nized nitrous oxide-induced depression of VEP 
amplitudes. We conclude that antagonism of 
nitrous oxide-induced depression by Ro15-4513 
indicates that at least part of the decreased neu- 
ronal excitability caused by nitrous oxide could 
be ascribed to interactions with the GABA, 
receptor complex. (Br. J. Anaesth. 1996;77:522- 
525) 


Key words 

Anaesthetics gases, nitrous oxide. Hypnotics benzodi- 
azepine, Ro15-4513. Monitoring, evoked potentials. Recep- 
tors, amino acid. Rat. 





The high correlation between the degree of lipo- 
philicity and potency of anaesthetic agents, ranging 
from inert gases such as xenon to alcohols of varying 
length, has always been interpreted as evidence that 
general anaesthesia occurs secondary to non-specific 
disruption of lipids of neuronal cell membranes’. 
Although the solubility relationships provide a 
framework for any proposed theory of anaesthesia, 
the mechanism of action of anaesthetics and 
corresponding membrane disturbances remain in- 
triguing. Recent studies have focused on membrane 
proteins as a site of anaesthetic action’’. In this 
respect two transmitter receptors, namely glutamate* 
and y-aminobutyric acid (GABAY, were considered 
frequently as mediators of anaesthetic drugs. 

GABA is the major inhibitory neurotransmitter in 
the mammalian brain and thus a prime candidate for 
a mechanism of the depressant effects of anaesthetic 
agents. The increase in Cl conductance caused by 
GABA can be modulated by benzodiazepines’, etha- 
nol’ and various inhalation anaesthetics’. Galindo’ 
showed that halothane potentiated the inhibitory 
action of GABA in the cuneate nucleus. These 
results have been confirmed recently by Jones, 
Brooks and Harrison’, who showed enhancement of 


‘ 


GABA-activated CI currents in cultured rat hippo- 
campal neurones by enflurane, halothane and isoflu- 
rane. 

Glutamate-activated receptors are other obvious 
targets for general anaesthetics. The NMDA recep- 
tor, when activated, causes a Ca” influx modulating 
the excitability of a neurone. Ethanol-reduced, 
NMDA-induced Ca” currents in cultured hippo- 
campal neurones’ share this property with other gen- 
eral anaesthetics’. As many ion channels have been 
shown to be affected differently by anaesthetics”, it 
appears that an interaction between a particular 
channel and an anaesthetic cannot provide a basis for 
a general mechanism of anaesthesia. Ethanol, for 
example, potentiates GABA binding and inhibits 
NMDA receptors, making more pathways possible 
for the clinically observed effects. An imidazobenzo- 
diazepine inverse agonist, Rol15-4513 (ethyl-8-azido- 
5,6-dihydro-5-methyl-6-oxo-4H-imidazo [1,50] [1,4] 
benzodiazepine-3-carboxylate) however, selectively 
blocks ethanol-stimulated Cl uptake’ and many of 
the behavioural effects" "$. 

Mice rendered tolerant to nitrous oxide also 
exhibit cross-tolerance to ethanol hypnosis”, suggest- 
ing a similarity in mode of action between these two 
drugs. This study was undertaken to see if nitrous 
oxide-induced neuronal depression can be altered by 
a benzodiazepine inverse agonist. Changes in neuro- 
nal excitability induced by nitrous oxide and 
Rol5-4513 were measured in this study by visual 
evoked potentials (VEP). This method was used pre- 
viously for monitoring the central effects of nitrous 
oxide in humans" and animals”™”. All of these stud- 
ies showed that VEP is a reliable method for 
measurement of nitrous oxide-induced neuronal 
depression. 


Materials and methods 


We used male adult albino Wistar rats, weighing 
250-300 g. Each rat was placed in a separate cage 
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and provided with food and water ad libitum. The 
holding room was maintained at approximately 
22°C, 50% humidity and a 12-h light-dark cycle 
(light on at 08:00). The animals were allowed at least 
7 days for adaptation to these circumstances 
before surgery. Before electrode placement, the rats 
were anaesthetized with Hypnorme 0.15 ml 
100 g' (Hypnorme=fluanison 10 mg and fentanyl 
0.2 mg ml”). 

Individual stainless steel screw electrodes were 
implanted surgically over the right and left visual 
cortices at points 7 mm posterior to the bregma and 
3 mm lateral to the midline. A reference electrode 
was placed in the frontal sinus. The electrodes were 
soldered to a miniature socket, which was fixed to the 
skull with dental cement. After a 7-day postoperative 
recovery period, each rat was habituated to the 
recording procedure. The experiments and habitua- 
tion were performed with rats moving freely and 
housed in an exposure chamber which was main- 
tained at a temperature of 22 °C. The exposure 
chamber was made of glass surrounded on all sides 
by mirrors except for the top where the flash-lamp 
was placed. This allowed complete illumination of 
the exposure chamber in all directions. During 
habituation, the electrode leads were connected and 
a flash stimulus was induced once every 7 s for 10 
min. Such treatment was repeated daily over the fol- 
lowing 3-4 days, until VEP discharges stabilized. 
Previous studies have shown that under these condi- 
tions, VEP discharges stabilize after several days”. 
During the experiments the flashlight was triggered 
by a Grass $44 stimulator at a frequency of 0.14 Hz. 
Brain responses were amplified with a Grass model 
79 B, connected to an analogue-to-digital converter 
(Lab Master, Scientific solutions Inc., OH, USA), 
which was triggered by the Grass $44 stimulator after 
every flashlight. A computer connected to the 
analogue-to-digital converter performed the averag- 
ing of 25 VEP over an 800-ms epoch after every 
flashlight and printed the results. Potentials less than 
—500 pV or more than +500 pV were defined as arte- 
facts induced by movement and rejected automati- 
cally. With a few rejections per measurement a typi- 
cal recording of one averaged VEP lasted for 
approximately 3 min. VEP discharges were recorded 
in animals breathing air before exposure to 70% 
nitrous oxide—-30% oxygen. 

A concentration of 70% nitrous oxide was selected 
because in many studies of nitrous oxide-induced 
dependence phenomena in animals” or nitrous 
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Figure 1 An example of a visual evoked potential (VEP) in one 
rat while the animal was breathing air. Amplitude peaks are 
marked P1 to N3. 
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oxide-induced changes in evoked potentials in 
humans”, the same or a similar concentration of 
nitrous oxide was used. In addition, a concentration 
of 70% nitrous oxide is used frequently during clini- 
cal anaesthesia. While exposed to nitrous oxide for 
60 min, i.p. administration of drug (Ro15-4513 10 
mg kg”) or vehicle (Tween 0.3%, volume 1 ml) was 
given. VEP were measured at intervals of 15 min for 
the following 45 min. During the recording session 
the animal was observed closely to ensure that 
recording was performed while the eyes were open. 
The flashlight itself was usually enough to alert the 
animal. Nitrous oxide, oxygen and carbon dioxide 
were monitored during the experiment with a Datex 
Capnomac Ultima (Datex Instrumentarium Corp., 
Helsinki, Finland). Nitrous oxide was withdrawn by 
exposing the animals to air. Tween was obtained 
from Sigma Chemical Co (St Louis, MO, USA) 
while Ro15-4513 was obtained from Hoffmann-La 
Roche. A VEP during the first 500 ms normally 
includes three positive—negative component com- 
plexes. Peak-to-peak amplitudes and peak latency 
were determined. Peak-to-peak amplitudes obtained 
during exposure to nitrous oxide were compared 
with values recorded while the rats were breathing 
air. Data are presented as mean (SEM); n=number of 
animals tested. Significance of differences in mean 
values was examined by analysis of variance 
(ANOVA) (P<0.05). 


Results 


An example of a visual evoked potential response in 
one rat, in air, is shown in figure 1. The typical 
evoked potential is characterized by six waves, 
labelled P1 to N3. As the baseline may vary through- 
out the experiment we looked at top-to-top ampli- 
tudes. Although all top-to-top amplitudes showed a 
decrease when the rat was exposed to nitrous oxide”, 
only potentials with a latency of 100 ms or more were 
studied because of their stability. Therefore, only 
amplitudes P2-N2, N2-P3 and P3-N3 were studied. 

To asses the effects of Rol5-4513 without the 
interference of nitrous oxide, a group of eight rats, 
while breathing air, was given Ro15-4513 10 mg kg" 
in 0.3% Tween i.p. Top-to-top amplitudes are shown 
in figure 2. After obtaining control measurements, an 
i.p. injection was given (arrow in fig. 2) and the first 
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Figure 2 Top-to-top values P2-N2 (CI), N2-P3 (A) and P3-N3 
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Figure 3 Peak-to-peak amplitude values of VEP (P2-N2 (0O), 
N2-P3 (A) and P3-N3 (O)) in rats (n=20) during exposure to 
air and 70% nitrous oxide. a: Amplitude values after injection 
(arrow) with the solvent Tween while animals were breathing 
nitrous oxide (n=10). Note that N2-P3 and P3-N3 did not 
recover to normal values while P2-N2 showed a tendency 
towards recovery. B: Normalization of amplitude values towards 
those obtained during exposure to air after injection of 
Rol5-4513 (n=10). *P<0.05 compared with initial values 
obtained in air; }P<0.05 compared with values obtained after 60 
min exposure to nitrous oxide. 





VEP after injection was measured 15 min later. No 
significant changes in top-to-top amplitudes were 
observed within 45 min after administration of 
Ro15-4513 and no change in general behaviour was 
observed. 

Figure 3a and 38 depicts top-to-top amplitudes of 
20 rats showing an expected depression of all three 
amplitudes after 60 min of exposure to nitrous oxide 
compared with values obtained in air (control 
values)”. While breathing nitrous oxide, 10 animals 
were given the solvent 0.3% Tween 1 ml i.p. (arrow 
in fig. 3A) while others received Ro15-4513 (fig. 3B). 
In the following 45 min VEP were measured at 
15-min intervals in both groups. Animals given 
Tween showed no normalization of amplitudes 
towards values obtained in air, except for P2-N2. As 
this top-to-top amplitude proved to be sensitive to 
handling or i.p. injection of solvent, or both, it was 
not evaluated further. After administration of Ro15- 
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Figure 4 Three VEP measurements in one rat. a: VEP during 
breathing air. This is an example of a normal VEP after some 
training of the animal and habituation to the flashlight. B: VEP 
measured while the animal was breathing 70% nitrous oxide in 
oxygen (note marked depression of amplitudes with a long 
latency). c: VEP measured while the animal was exposed to 
nitrous oxide but 15 min after injection of Rol15-4513. 


4513, however, top-to-top values for N2-P3 and 
P3-N3 increased significantly compared with values 
obtained after 60 min exposure to nitrous oxide. 
Additionally, all observed amplitudes recovered to 
values that were not significantly different from base- 
line. Administration of nitrous oxide and i.p. 
injection of the solvent Tween or Rol5-4513 had no 
influence on latency (not shown). 

Figure 4 shows examples of three VEP measure- 
ments in one rat. The first VEP (fig. 4a) was 
measured while the animal was breathing air. 
Pronounced depression of the VEP amplitudes could 
be observed when rats were exposed to nitrous oxide 
(fig. 48). The last VEP (fig. 4c), was measured in the 
same animal, still breathing nitrous oxide, but 15 min 
after i.p. injection of Ro15-4513 10 mg kg". 

An additional observation was that after injection 
of Rol5-4513, animals showed increased activity 
caused by rotational behaviour, which did not occur 
in rats while breathing air but was common in rats 
exposed to nitrous oxide. Therefore, although 
aroused, the animals did not behave normally until 
exposure to nitrous oxide was discontinued. 


Discussion 

The mechanism of action of inhalation anaesthetic 
agents remains obscure, although there is substantial 
evidence that at least part of the effects may be 
explained by potentiation of the GABAergic sys- 
tem’™, The role of the GABAergic system on the 
effects produced by inhalation of nitrous oxide has, 
to our knowledge, never been explored. When 
involvement of the GABAergic system is investi- 
gated, and particularly when the benzodiazepine site 
of the GABA receptor complex is of interest, a ben- 
zodiazepine antagonist or inverse agonist, or both, 
may be used. Using an antagonist such as flumazenil 
(Rol5-1788) may give results easier to interpret 
compared with inverse agonists. Unfortunately, 
flumazenil has some intrinsic activities. This drug 
decreased the minimum alveolar concentration of 
isoflurane in dogs when given i.v., suggesting partial 
agonist activity”. In addition, flumazenil was unable 
to alter methoxyflurane-induced sleep time in mice, 
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but antagonized the reduction in sleep time pro- 
duced by Rol5-4513*. This combined with unfa- 
vourable pharmacokinetics” made a study with 
flumazenil, in freely moving rats, unsuitable. Our 
control experiments showed that Ro15-4513 did not 
have any effect on the VEP when given at a concen- 
tration of 10 mg kg” (fig. 2). The same concentration 
of Ro15 4513, however, reversed the changes in VEP 
induced by nitrous oxide (fig. 38). The fact that the 
animals persisted in their unusual rotational behav- 
iour suggests that this reversal in nitrous oxide- 
induced anaesthesia was only partial, although with 
regard to VEP, complete reversal was obtained. 
Higher concentrations of Rol5-4513 may have 
produced further improvement towards normal 
behaviour but would make interpretation less obvi- 
ous as higher concentrations have epileptogenic 
properties. 

In summary, our results indicated that neuronal 
depression induced by nitrous oxide was sensitive to 
antagonism by Ro15-4513. In this respect nitrous 
oxide resembles alcohol and other inhalation anaes- 
thetics. Although the precise interaction between 
nitrous oxide and the GABA receptor is not clear, 
our results indicate that at least part of the decreased 
neuronal excitability caused by nitrous oxide could 
be ascribed to interactions with a binding site on the 
GABA, receptor complex. 
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Pancuronium increases pulmonary arterial pressure in lung injury 


H. Du, R. Oru, Y. Yamana, M. Hayasuitra, N. Kin, K. Suwa AND K. HANAOKA 


Summary 

We studied 25 mongrel dogs who were anaes- 
thetized and their lungs ventilated for investiga- 
tion of the effects of pancuronium on pulmonary 
arterial pressure (PAP) in the normal lung, in 
oleic acid-induced lung injury and in lung injury 
with hypoxaemia. In the normal lung, PAP was 
not affected by pancuronium. During lung injury, 
however, PAP was increased from 21.5 (sp 2.8) to 
24.6 (4.2) mm Hg (P<0.01) and from 22.0 (4.2) to 
27.0 (5.8) mm Hg (P<0.01) after pancuronium 
0.08 mg kg“ and 0.16 mg kg", respectively, and 
from 26.0 (2.9) to 37.1 (3.1) mm Hg after 
pancuronium 0.16 mg kg when hypoxaemia 
was present (P<0.01). The increase in PAP 
induced by pancuronium was associated with 
increases in cardiac output and pulmonary 
vascular resistance. Pretreatment with phen- 
tolamine attenuated the pancuronium-induced 
increase in PAP. The increase in PAP induced by 
pancuronium was also reduced by vagotomy. If 
these results in dogs are relevant clinically, then 
pancuronium should be avoided as a neuromus- 
cular blocker in lung injury. (Br. J. Anaesth. 
1996;77:526-529) 
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Pancuronium increases heart rate and systemic arte- 
rial pressure in both humans and animals. It has been 
shown that these increases result from the vagolytic 
effect of pancuronium on the heart’? and its indirect 
sympathomimetic effect". Pancuronium also 
changes airway resistance. When administered at low 
doses (less than 0.14 mg kg’), pancuronium 
enhances the increase in airway resistance induced by 
vagal stimulation, which is thought to be the effect of 
block of muscarinic receptor subtype 2 (M,) by pan- 
curonium. When administered at larger doses, 
pancuronium attenuates the increase in airway resist- 
ance, which is thought to be the effect of block of 
muscarinic receptor subtypes 1 and 3 (M, and 
M,)°’. The effects of pancuronium on the pulmonary 
circulation, however, have not received much atten- 
tion. In the pulmonary circulation, M,, M, and M, 
receptors have been identified in both humans and 
animals®. Recently, Altiere and colleagues’ and 
McCormack and colleagues” have shown, using iso- 
lated pulmonary arterial strips, that the pulmonary 
circulation is functionally innervated by M, recep- 


tors, and M, antagonists contracted acetylcholine- 
dilated pulmonary arteries. 

Therefore, we have investigated the changes in 
pulmonary arterial pressure in response to pancuro- 
nium in normal lung and in oleic acid-induced lung 
injury in dogs. The possible neural mechanism in the 
responses were also investigated. 


Materials and methods 


The study was approved by the Animal Care 
Committee of the University of Tokyo. 

Adult mongrel dogs of both sexes (10-13 kg) were 
sedated with ketamine 100 mg i.m. Anaesthesia was 
induced with a-chloralose 100 mg kg” and urethane 
100 mg kg" i.v. The lungs were ventilated via a 
tracheostomy using a Harvard respirator (Model 
618). Tidal volume was adjusted to maintain an arte- 
rial Pco, of 4.8-5.6 kPa at a rate of 16 bpm at base- 
line. Ventilator settings were not changed during the 
experiment, except the inspired fraction of oxygen 
(Fip,), as described below. Anaesthesia was main- 
tained with a-chloralose 25 mg kg” and urethane 
25 mg kg“ i.v. when necessary. Lactated Ringer’s 
solution was infused at a rate of 3 ml kg’. Dextran 40 
was infused within the first hour after injection of 
oleic acid to maintain systolic systemic arterial pres- 
sure greater than 90 mm Hg. 

The femoral artery was cannulated for 
measurement of mean arterial pressure (MAP) and 
sampling of arterial blood. Arterial blood-gas ten- 
sions were measured using an automatic blood-gas 
analyser (Stat Profile 3, Nova, MA, USA). A Fr.5 
balloon-tipped pulmonary artery catheter was ad- 
vanced into the pulmonary artery via the femoral 
vein for measurement of pulmonary arterial pressure 
(PAP), pulmonary arterial wedge pressure (PAWP), 
cardiac output (CO) using the thermodilution 
method (MTC-6210, Nihon Kohden), and for injec- 
tion of oleic acid into the central vein. The correct 
positioning of the pulmonary artery catheter was 
confirmed by PAP wave and verified further by post- 
mortem examination. Heart rate was monitored 
(ECG lead M) and pulmonary vascular resistance 
(PVR) was calculated using the formula: 
PVR=(PAP—PAWP)/CO (mm Hg litre* min"). 
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After the experimental preparation, the dogs were 
placed in the prone position. Oleic acid 0.12 ml kg" 
(Sigma) was infused into the central vein within 1 
min. Arterial blood-gas tensions were measured 
every 30 min thereafter. Pao,/Fio, was used as the 
parameter of the severity of lung injury. The effects of 
pancuronium during lung injury were tested only 
when Pao /Fio, was within 100-140. If Pag/Fip, 
remained greater than 140 at 3 h after the first dose 
of oleic acid, further oleic acid (0.06 ml kg") was 
given. 

Twenty-five dogs were allocated to one of four 
groups. 

Group I: effects of pancuronium on PAP in the 
normal lung, during lung injury and during lung 
injury with bypoxaemia (n=10). After the experimen- 
tal preparation, baseline measurements, including 
PAP, MAP, HR and arterial blood-gas tensions, were 
undertaken with an Fio, of 0.21. The effects of i.v. 
pancuronium (Sankyo, Tokyo, Japan) 0.08 mg kg’ 
and 0.16 mg kg’ were investigated in an alternate 
sequence. The injections of two doses were separated 
by more than 90 min. Fig was then increased to 
maintain Pao, greater than 12 kPa while lung injury 
was induced by oleic acid. During lung injury, when 
Pan /Fip, was 100-140, the effects of pancuronium 
i.v. at the two doses were investigated as was done in 
the normal lung. Fio, was then decreased to produce 
a Pao, of 6-8 kPa (hypoxaemia). The effects of pan- 
curonium 0.16 mg kg’ were studied during lung 
injury with hypoxaemia. 

Group II: effects of pancuronium on cardiac 
output and pulmonary vascular resistance in lung 
injury (n=5). Lung injury was induced as in group I 
while Fio, was increased to maintain Pao, greater 
than 12 kPa. The effects of pancuronium 0.16 mg 
kg! were investigated during lung injury. The 
maximum increase in PAP within 60 s after adminis- 
tration of pancuronium was recorded. CO was then 
measured using thermodilution, followed immedi- 
ately by measurement of PAWP. The value of PAWP 
was read from a pre-calibrated recorder chart (paper 
speed=10 mm s”), 15 s after inflation of the pulmo- 
nary artery catheter balloon at the end of expiration. 
Consequently, measurements of PAP, CO and PAWP 
were finished within 2.5 min after administration of 
pancuronium in all animals. Calculation of PVR 
using PAP, PAWP and CO at different times may 
introduce some error. This was minimal as in 
preliminary experiments we found the influence of 
pancuronium 0.16 mg kg’ on PAP, CO, and PAWP 
remained stable for more than 3 min, and a cardiac 
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output monitor with good reproducibility (n=10, 
coefficient of variance=4%) was used. 

Group IN: influence of pretreatment with an a 
adrenergic blocker on the pancuroniuminduced 
increase in PAP (n=5). Lung injury was induced as in 
group II. The effects of pancuronium 0.16 mg kg" 
were then investigated. Eighty minutes later, phen- 
tolamine 2 mg kg’ (Ciba-Geigy, Swiss) was adminis- 
tered into the central vein over 60 s. The effects of 
pancuronium 0.16 mg kg" were investigated again 10 
min after injection of phentolamine. 

Group IV: influence of vagotomy on the 
pancuronium-induced increase in PAP (n=5). One 
hour after the effects of pancuronium 0.16 mg kg" 
during lung injury were investigated as in group I, 
bilateral vagotomy was performed at the level of the 
first tracheal ring. The effects of pancuronium 0.16 
mg kg” were investigated 30 min after vagotomy. 


DATA ANALYSIS 


All values are expressed as mean (sp), and statistical 
difference was accepted at P<0.05. Variables before 
administration of pancuronium were compared with 
those after pancuronium by paired Student’s t test. In 
groups II and group IV, the increase in PAP induced 
by pancuronium during normal innervation was 
compared with that under the conditions of a block 
or vagotomy using the paired Student’s t test. 


Results 


EFFECTS OF PANCURONIUM ON PAP IN NORMAL LUNG 
AND LUNG INJURY 

In the normal lung, pancuronium had no significant 
effect on PAP, MAP or HR. During lung injury, how- 
ever, pancuronium 0.08 mg kg” and 0.16 mg kg” 
increased PAP by 3.1 mm Hg and 5.0 mm Hg, 
respectively (P<0.01). HR was also increased signifi- 
cantly by both doses of pancuronium (P<0.01). The 
increase in PAP induced by pancuronium lasted for 
3-10 min. During lung injury with hypoxaemia (Pag 
6.8 (0.5) kPa), pancuronium 0.16 mg kg” increas 
PAP by 11.1 mm Hg (P<0.01), which lasted 5-15 
min (fig.1, table 1). 


EFFECTS OF PANCURONIUM ON CARDIAC OUTPUT AND 
PULMONARY VASCULAR RESISTANCE IN LUNG INJURY 


The pancuronium-induced increase in PAP during 
lung injury was associated with simultaneous in- 
creases in CO (P<0.05) and PVR (P<0.01) indicat- 


Table 1 Effects of pancuronium on haemodynamic state in the normal lung, during pulmonary oedema and during pulmonary oedema 
with hypoxaemia (mean (sp)). (#=10). Pan = pancuronium; PAP = pulmonary arterial pressure (mm Hg); MAP = mean systemic arterial 
pressure (mm Hg); HR = heart rate (beat min’). ** P< 0.001 us before administration of Pan 














Pulmonary oedema 

Normal lung Pulmonary oedema with hypoxaemia 

Pan 0.08 mg kg™ Pan 0.16 mg kg™ Pan 0.08 mg kg” Pan 0.16 mg kg? Pan 0.16 mg kg” 

Before After Before After Before After Before After Before After 
PAP 16.0 17.1 15.3 17.2 21.5 24.6 22.0 27.0 26.0 37.1 

(2.6) (2.9) (3.2) (4.8) (2.8) (4.2)** (4.2) (5.8)** (2.9) (3.1)** 
MAP 143 (18) 141(21) 135(14) 137(20) 124(19) 129 (20) 127 (10) 136 (16) 134 (14) 144 (23) 
HR 187 (23) 194 (32) 184 (29) 187 (26) 144 (25) 156 (26)** 148 (24) 169 (25)** 181 (22) 220 (18)** 
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Figure 1 Effects of pancuronium 0.16 mg kg’ on pulmonary 
arterial pressure (PAP) in normal lung (top), during lung injury 
induced by oleic acid (middle) and during lung injury with 
hypoxaemia (bottom). 


ing that the increase in PAP resulted from both an 
increase in pulmonary blood flow and contraction of 
the pulmonary circulation. PAWP did not change 
significantly after pancuronium (table 2). 


INFLUENCE OF PRETREATMENT WITH PHENTOLAMINE OR 
VAGOTOMY ON THE PANCURONIUMINDUCED INCREASE IN 
PAP 


Pretreatment with the a blocker, phentolamine, 
decreased the pancuronium-induced increase in PAP 
(P<0.05). PAP immediately before administration of 
pancuronium was not significantly different from 
that immediately before phentolamine administra- 
tion (P>0.05). In contrast, the increase in PAP by 
pancuronium after vagotomy was less than that 
before vagotomy (P<0.05). Vagotomy itself consist- 
ently increased PAP, from 21.1 (8.7) to 24.2 (11.0) 
mm Hg (P<0.05) (fig. 2). 


Discussion 


The results of this study showed that during lung 
injury, pancuronium increased pulmonary arterial 
pressure, especially when there was hypoxaemia. In 
group Il, PAWP did not change when PAP was 
increased by pancuronium. Pulmonary capillary 
pressure, therefore, should increase according to the 
equation of Gaar and colleagues’. As a small 
increase in pulmonary intravascular pressure acceler- 
ates fluid outflux into lung interstitium and worsens 
lung injury in permeability lung injury”, if our results 
are clinically relevant we suggest that pancuronium 
should be avoided as a neuromuscular blocker in 
lung injury. 

Table 2 Effects of pancuronium during pulmonary oedema 
(mean (sp)) (7=5). Pan = pancuronium; PAP = pulmonary 
arterial pressure (mm Hg); PAWP = pulmonary arterial wedge 
pressure (mm Hg); CO = cardiac output (litre min™'); PVR = 
pulmonary vascular resistance (mm Hg litre” min“). * P < 0.05, 
** P< 0.01 vs before administration of Pan 








Before Pan After Pan 
PAP 22.0 (5.3) 27.7 (6.6)** 
PAWP 5.6 (2.0) 4.9 (1.4) 
co 1.76 (0.39) 1.88 (0.47)* 
PVR 9.6 (3.5) 12.6 (3.6)** 
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In our study, the increase in PAP in response to 
pancuronium was attenuated by pretreatment with 
an a adrenergic blocker. This suggests that high 
activity in a adrenergic nerves plays a role in the 
pancuronium-induced increase in PAP. Pancuro- 
nium has been shown to be an indirect sympathomi- 
metic agent. It stimulates the release of catecho- 
lamines from nerve endings and inhibits neuronal 
uptake of noradrenaline’®*. Administration of pan- 
curonium may also increase plasma catecholamine 
concentrations’, In contrast, inhibition of the 
pancuronium-induced increase in PAP by pretreat- 
ment with an a blocker in our study was not 
complete. The increase in PAP induced by pancuro- 
nium decreased from 6.6 (2.7) mm Hg to 2.5 (0.9) 
mm Hg after administration of phentolamine. 
Therefore, there may be some other pathway by 
which pancuronium increases PAP. 

Pancuronium is known to possess vagolytic effects 
by inhibiting muscarinic receptors'*. If the 
pancuronium-induced increase in PAP were not 
related to the vagus nerve, the increase in PAP by 
pancuronium before vagotomy would be same as that 
after vagotomy. In contrast, if the vagal pathway were 
the only route by which pancuronium increased PAP, 
there would be no change in PAP induced by 
pancuronium after vagotomy. In our study, the 
increase in PAP produced by pancuronium was 3.4 
(1.9) mm Hg after vagotomy compared with 5.9 
(3.5) mm Hg before vagotomy (P<0.05). It may be 
considered that the vagus plays some role in the 
pancuronium-induced increase in PAP. 

Block of muscarinic receptors by pancuronium 
may involve both the heart and pulmonary circula- 
tion. The increase in cardiac output has been 
suggested to be the result of inhibition of atrial mus- 
carinic receptors'*. The increase in PVR in this 
study, on the other hand, indicates that block of mus- 
carinic receptors in the pulmonary circulation may 
also be involved in the pancuronium-induced in- 
crease in PAP. In the lungs, muscarinic receptors 
consist of at least three subtypes, M,, M, and M, 
receptors’. Using isolated pulmonary arterial strips, 
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Figure 2 Increase in pulmonary arterial pressure (PAP) caused 
by pancuronium 0.16 mg kg” before administration of a blocker 
(A), after administration of a blocker (B), before vagotomy (C) 
and after vagotomy (D) during lung injury. *P<0.05 compared 
with before administration of a blocker or before vagotomy. 


Pancuronium increases pulmonary arterial pressure 


it has been found recently that the pulmonary circu- 
lation is functionally innervated by M, receptors and 
M, antagonists contracted acetylcholine-dilated pul- 
monary arteries’. We have also shown that 
vagotomy increased PAP in lung injury in another 
study” and in group IV in this study. As vagal activity 
is increased in lung injury‘ and vagotomy increased 
PAP during lung injury but did not alter PAP in the 
normal lung”, we infer that muscarinic inhibition by 
pancuronium also increased PAP in lung injury in 
vivo. It is not known what muscarinic receptor 
subtype is responsible for the pancuronium-induced 
increase in PAP. However, as block of M, receptor 
causes constriction of the pulmonary artery’ and 
large doses of pancuronium may block M, receptors 
in the airway‘, M, receptor involvement is likely at 
the doses used in this study. 
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Efficacy of intraoperative heat administration by ventilation with 
warm humidified gases and an oesophageal warming system 


E. Beck, M. Lancer, P. Dt MAURO AND P. PRATO 


Summary 

We measured changes in body temperature in 
12 hypothermic (mean aural temperature 34.4 
(sp 1.0) °C) pigs during general anaesthesia with 
an open abdominal cavity and the effect of two 
warming systems: heating of inspired gases to 
39 °C {intratracheal temperature) and oesopha- 
geal warming to 39 °C by a water perfused 
oesophageal heat exchanger. Each animal un- 
derwent both treatments and the control period 
in random sequence. Each condition was stud- 
ied over 1 h. No additional protection against 
heat loss (drapes, blankets, i.v. fluids warming, 
etc.) was used. Anaesthesia, room temperature 
and relative humidity, amount and temperature 
of infusions and extension of exposed visceral 
surfaces were standardized. Mean decrease in 
body temperature was 1.0 (0.7) °C (P<0.005) 
without warming and 0.6 (0.2)°C (P<0.005) with 
heated inspired gases: this difference was not 
statistically significant. Oesophageal warming 
was very efficient as mean body temperature did 
not change significantly (-0.1 (0.2) °C; ns). (Br. J. 
Anaesth. 1996;77:530-533) 


Key words 

Anaesthetic techniques, hypothermia. Equipment, warming 
devices. Temperature, body. Temperature, monitoring. Tem- 
perature, effects. Pig. 





Mild hypothermia is relatively frequent during and 
after surgery under general anaesthesia. Several 
factors contribute to body heat loss: inhibition of the 
hypothalamus, peripheral vasodilatation induced by 
anaesthetic agents, paralysis, exposure of the viscera 
to the atmosphere and large amounts of i.v. infusions 
at room temperature. Mild hypothermia is not 
generally a problem during operation. However, in 
the immediate postoperative period, activation of 
some physiological mechanisms of thermogenesis 
(metabolic heat production, muscles activity, shiver- 
ing) with a consequent increase in oxygen consump- 
tion and peripheral vasoconstriction are untoward 
and may even be harmful in patients with impaired 
cardiovascular reserve'?. Moreover, hypothermia has 
been implicated in some cases of delayed recovery 
from general anaesthesia’. 

Several methods are commonly used to reduce 
body heat loss. Heating inspired gases** and 
oesophageal warming’ are easily applied during 
surgery and have been proposed for providing 
(central) warming, which is probably more “physi- 


ological” than other methods which deliver heat 
peripherally (warming the operating room, warm 
mattresses, thermal blankets, infrared heating lamps, 
forced air warmers’? ?"*), 

The aims of this study were: to evaluate, in an ani- 
mal model, under strictly controlled conditions, 
changes in body temperature during general anaes- 
thesia with an open abdominal cavity, with standardi- 
zation of most confounding factors such as anaesthe- 
sia, room temperature, amount and temperature of 
infusions, and extension of exposed visceral surfaces; 
to evaluate, in the same controlled conditions, the 
efficacy of two warming systems (heating inspired 
gases and oesophageal warming) in reducing body 
heat loss. 


Materials and methods 


After obtaining approval from the Ethics Committee 
of our institution, we studied 12 female, 3-month-old 
White Landrace pigs, weighing 18.4 (sp 1.2) kg. 
These animals were chosen as, among non-primate 
laboratory animals, the pig is the most comparable 
with adult humans”. 

Each animal underwent three study periods 
(control; heating of inspired gases; oesophageal 
warming) in a randomized sequence according to a 
Latin square design. The sample size was based on 
the results of an unpublished pilot study, by 
assuming a type I error (a) of 0.05 and a type IJ error 
(B) of 0.2, taking into account the randomization 
design and the statistical analysis method (repeated- 
measures analysis of variance)”. 

Anaesthesia was induced with thiopentone 5 mg 
kg? and maintained with 1.5% enflurane and 
fentanyl 2-3 ug kg’ h". Neuromuscular block was 
produced with pancuronium 50-60 pg kg" hb”. 
Mechanical ventilation (Servo ventilator 900A, 
Elema, Schénander, Sweden) via a tracheostomy was 
set at 3.8-4.2 litre min` to maintain a Paco, of 4.7— 
6.0 KPa. The total inspiratory time was 35% (25% 
inspiration+10% inspiratory pause). 

A carotid artery catheter and a 5-French gauge 
pulmonary artery catheter were inserted for haemo- 
dynamic monitoring and blood sampling. Arterial 
pressure (AP), pulmonary artery pressure (PAP), 
central venous pressure (CVP) and pulmonary 
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wedge pressure (PWP) were measured with HP 

1290A pressure transducers and a 78354A monitor 

(Hewlett Packard GmbH, Böblingen, Germany). 

Cardiac output (CO) was measured by thermodilu- 

tion (mean of three measurements at expiratory 

pause) with a 9520A CO computer (Edwards, Santa 

Ana, CA, USA). Blood pH, Pco, and Po, were 

determined with an IL1302 analyser, and haemo- 

globin and oxygen saturation with an IL802 co- 
oximeter (Instrumentation Laboratory, Milano, 

Italy). 

Room, oesophageal, tracheal and aural tempera- 
tures, and four cutaneous temperatures (anterior leg 
(A), nipple (B), thigh (C) and calf (D)) were 
monitored with an MC9200 electronic thermometer 
(Exacon, Roskilde, Denmark) using site-specific 
probes (Exacon, Roskilde, Denmark). Relative hu- 
midity of the room was measured with a standard 
hygrometer. 

I.v. infusions (at room temperature) were stand- 
ardized at 10 ml kg” h“. A laparotomy was performed 
with standardized partial exposure of the viscera. 
The surgical drapes were then removed and the ani- 
mal was left exposed to the environment. 

Each animal underwent three conditions in 
randomized sequence. 

(1) Inspired gases were warmed and saturated using 
a Kontron Pearl Humidifier 4150 (Kontron 
Instruments, Milan, Italy) modified to exceed 
the 37 °C temperature limit. The humidifier was 
adjusted to obtain an inspiratory tracheal tem- 
perature of 3910.5 °C. The tracheal temperature 
probe also allowed measurement of end- 
expiratory gas temperature. The inspiratory 
branch of the ventilator circuit was wrapped in 
aluminium sheets. The oesophageal heat ex- 
changer was not in place. The 60-min study 
started as soon as the inspiratory tracheal 
temperature was stabilized at 39+0.5 °C for at 
least 5 min. 

(2) The oesophageal warmer is composed by a water 
perfused oesophageal heat exchanger and a 
water heating pump (water flow 4 litre min") 
with a built-in thermostat adjustable up to 42 °C 
(Thermal Therapy System (ITS) TT8200, 
Exacon, Roskilde, Denmark). The oesophageal 
heat exchanger consists of a light rigid inner sup- 
ply tube, surrounded by a 50-cm long, non- 
elastic and thin-walled outer tube (surface area 
~0.05 mô. Distilled water is circulated through 
the inner tube to the tip, fills up the entire 
volume of the outer tube and returns to the 
pump through the proximal end of the oesopha- 
geal tube. After the oesophageal heat exchanger 
was placed, the system thermostat was set to 
obtain an oesophageal temperature of 3940.5 °C. 
A Kontron Pearl Humidifier 4150 (Kontron 
Instruments, Milan, Italy) at room temperature 
was used in the ventilator circuit. The 60-min 
study started as soon as oesophageal tempera- 
ture was stabilized at 3940.5 °C for at least 5 
min. 

(3) No warming systems were used. The oesopha- 
geal heat exchanger was not in place and the 
Kontron humidifier was at room temperature. 

Temperature, haemodynamic measurements and 

blood samples were obtained at the beginning (pre) 
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and end (post) of each 60-min study period. The fol- 
lowing variables were calculated: 

Mean skin temperature (MST) according to Ram- 
anathan’s formula”: 

MST (°C)=0.3x(TA+7B)+0.2x(TC+T7D) 
Mean body temperature (MBT) according to Colin 
and colleagues’ formula”: 

MBT (°C)=0.66~ Taural+0.34xMST 
Total body heat (TBH) relative to 0 °C according to 
Burton’s formula”: 

TBH (kK)=MBTx3.47xbody weight (kg) 
Oxygen consumption (Vo,) according to Fick’s equa- 
tion: 

Vo. (ml min“)=10 x Cao, —Cvo, (ml 100 mf J 

x CO (litre, min”) 
Right to left shunt fraction (Qva/Qt) according to the 
following equation: 
OvaQ/t=(Cc' 0,7 Fag )/(Cc'o, —CVo,) 

where Cclo (ml 100 mi “)=1.34xHb (g 100 
ml')+0. 003x(Pio, (mm Hg)- Paco, (mm Hg); Cag, 
(ml 100 ml")=1/34xHbxSao, (fraction) +0.003xPao, 
(mm Hg); and Cvo, (ml 160 ml)=1.34xHbx Svo, 
(fraction) +0. 003xP¥o, (mm Hg). 

At the end of the experiment, specimens of tracheal 
and oesophageal wall were obtained to detect 
possible heat-related damage”. 

Statistical analysis was performed using the 
SAS/GLM procedure, release 6.03 (SAS Institute 
Inc., Cary, NC, USA) on a AST Bravo LC 3/33s 
personal computer (AST Research, Inc., Irvine, CA, 
USA). 


Results 


Each animal completed both treatments and the 
control period. 

Data for all measured variables at the beginning 
(pre) of each 60-min condition, and differences 
between the beginning and final values (post—pre) are 
shown in table 1. Pre values were not significantly 
different between the three conditions. 

Room temperature and relative humidity were 
monitored continuously and did not change signifi- 
cantly during the experiment. All measured tempera- 
tures and derived variables (MST, MBT and TBH) 
decreased significantly under both control (P<0.005) 
and warm inspired gas (P<0.005) conditions. With 
oesophageal warming, only cutaneous temperature A 
(anterior leg) showed significant variations. 

As shown by the variation in all measured body 
temperatures and derived variables, heat loss was sig- 
nificantly greater during the control period than dur- 
ing oesophageal warming, while the difference 
between the control period and that during warming 
of inspired gases was not statistically significant, 
except for nipple temperature (B) and MST (table 1). 

Vo, decreased significantly (P<0.001) by 8-15% 
during the control period and during the two 
treatments (table 1), but there were no significant 
differences between the three conditions. Qva/Qt did 
not change significantly and there were no differ- 
ences between the three conditions. 

The animals were haemodynamically stable 
throughout the experiment. 

There were no pathological changes at the 
histological examination of both tracheal and 
oesophageal walls at the end of the study. 
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Table 1 Temperatures and haemodynamic variables measured at the beginning (pre) (mean (sp)) and differences between the beginning 
and final values (post-pre) (mean (sEM)) during control conditions, warming of inspired gases (Hum) and oesophageal warming (TTS). 


HR = heart rate; CO = cardiac output; MAP = mean arterial pressure; MPAP = mean pulmonary artery pressure; PWP, = pulmonary 
wedge pressure; CVP = central venous pressure; TSR = total systemic resistances; TPR = total pulmonary resistances; Vo, = oxygen 


consumption; Qva/Ot = shunt fraction. ** P < 0.01 vs Pre values; ł P < 0.05, tt P < 0.01, HH P < 0.001 vs control 





Pre Post-Pre 

Control Hum TTS Control Hum TTS 
Aural temp. (°C) 34.6 (0.7) 34.4 (0.9) 34.1 (1.2) —0.8 (0.1)**  —0.5 (0.1)** —0.1 (0. 1)} 
Skin temp. A (°C) 33.0 (0.9) 32.9 (0.8) 32.7 (1.1) —0.8 (0.1)**  —0.5 (0.1)** —0.3 (0.1) * t 
Skin temp. B (°C) 33.2 (0.7) 33.0 (0.9) 32.7 (1.4) -1.0 (0.1)**  —0.6 (0.1)**} -0.2 (0.DHHt 
Skin temp. C (°C) 34.0 (0.9) 33.8 (0.7) 33.9 (1.0) —0.8 (0.1)**  —0.5 (0.1)** -0.3 (0.2)H 
Skin temp. D (°C) 34.1 (0.8) 33.8 (0.9) 33.9 (0.9) —0.8 (0.1)**  —0.5 (0.1)** -0.1 (0.1)HH# 
Mean skin temp. (°C) 33.7 (0.8) 33.5 (0.8) 33.4 (1.0) —0.8 (0.1)**  —0.5 (0.1)**}  —0.2 (0. DHH 
Mean body temp. (°C) 34.2 (0.7) 34.1 (0.8) 33.9 (1.1) -1.0 (0.1)**  —0.6 (0.1)** —0.1 (0.DHt 
Total body heat (kJ) 2187 (151) 2175 (136) 2163 (147) -52 (4)** -35 (4)** -8 (3)++ 
Room temp. (°C) 24.1 (0.5) 23.9 (0.7) 23.8 (0.3) ~0.1 (0.2) ~0.3 (0.2) -0.1 (0.1) 
Relative humidity (%) 48 (3) 49 (3) 48 (2) 0.1 (0.4) 0.2 (0.3) 0.1 (0.3) 
HR (beat min`’) 130 (25) 125 (22) 120 (21) -13 (6) -5 (5) -3 (5) 
CO (litre min“) 2.7 (0.6) 2.4 (0.6) 2.1 0.4) ~0.4 (0.1) 0.2 (0.1) 0.0 (0.1) 
MAP (mm Hg) 88 (9) 82 (5) 70 (9)+H ~7 (3) 0 (4) 7 (2) 
MPAP (mm Hg) 19 (4) 18 (3) 176) 0Q) 1 (1) 1() 
PWP (mm Hg) 5 (3) 5 (3) 7 (2) -1 (0) 11) 0Q) 
CVP (mm Hg) 4 (3) 4 (3) 5 (3) 0 (0) 1() 0 (0) 
TSR (dyn s min”) 2640 (576) 2762 (656) 2585 (475) 215 (151) 85 (138) 333 (91) 
TPR (dyn s min”) 429 (149) 438 (115) 438 (172) 65 (30) 53 (28) 23 (27) 
Vo, (ml min“) 79 (23) 78 (22) 74 (11) ~12 (5)** ~9 (5)** —6 (5)** 
Ove/Ot 0.17 (0.11) 0.14 (0.04 0.14 (0.07) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 
Discussion Our study clearly showed the efficacy of oesopha- 


There have been several clinical studies on the effects 
of different warming systems in preventing peri- 
operative hypothermia with controversial results. 
Both heating of inspired gases and oesophageal 
warming have been demonstrated as either effective 
and ineffective in different studies". The “within 
study” and “between studies” variability of the 
experimental conditions (patients, type of surgery, 
type of anaesthesia, fluid infusions, room tempera- 
ture and relative humidity, etc.) makes it difficult to 
compare these studies. 

In our study such confounding factors were stand- 
ardized and controlled carefully. Moreover, in order 
to maximize the differences between treatment and 
control conditions, we chose to avoid any system 
used clinically to reduce heat loss (drapes, warming 
of i.v. fluids, etc): during the experiment our animals 
became hypothermic more quickly than usually seen 
in anaesthetic practice (approximately 0.5 °C h’”), 
This greater heat loss may also have resulted from the 
smaller body size and mass of our animals compared 
with an adult human. 

The mean decrease in temperature (aural and the 
four cutaneous temperatures) was approximately 
1 °C h” without warming. Mean body temperature 
(MBT), calculated according to the formula used in 
humans, reflects very well this heat loss. Some may 
argue that the derived variables (MST, MBT and 
TBH) may not be quantitatively accurate because 
they were computed using formulae developed for 
humans and which might not apply to pigs. However, 
as we were interested in evaluating variations rather 
than absolute values for each condition, we believe 
that our results are not invalidated by the use of 
human formulae. 


geal warming in attenuating the decrease in MBT 
and TBH. Warming of inspired gases was not as 
effective and the reduction in heat loss was not statis- 
tically significant. The variation in efficacy may be 
explained by important differences in the way the 
two systems work. Heat transport is much higher for 
oesophageal warming (~5000 kJ h` from 34 to 39 °C 
at a water flow of 4 litre min”) than for warming of 
inspired gases (~8 kJ h” from 34 to 39 °C atVe=4 litre 
min’**) because of the low specific heat of air 
compared with water. This difference appears to be 
important in overcoming the larger heat exchange 
area during warming of inspired gases (trachea and 
large bronchi)” and probably higher heat transfer 
efficiency of the respiratory system (as suggested by 
the small difference between the temperature of the 
expired gas and core temperature). The technical 
characteristics of oesophageal warming did not allow 
measurement of the temperature at the outlet of the 
oesophageal heat exchanger and consequently calcu- 
lation of net heat transfer during oesophageal warm- 
ing. However, the large amount of heat transported 
during oesophageal warming (~5000 kJ h’) would 
have resulted in a greater temperature change if effi- 
ciently transferred to the body. 

There were no side effects in our study. Heat 
damage to the tracheal and oesophageal walls 
was not demonstrated at histological examin- 
ation or by deterioration in respiratory function 
(Qva/Qr). 

Oesophageal warming requires a specific device 
but it is easily used and has no complications. It is not 
only the most effective non-invasive core-warming 
system that can be used during operation, but it may 
also be used successfully in other non-surgical situa- 
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tions of severe accidental hypothermia (exposure, 
cold water immersion, etc.). 
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Extraction of nitric oxide and nitrogen dioxide from an oxygen carrier 


using molecular sieve 5A 


B. B. POULTON, L. FOUBERT, J. Ktinowski, R. D. LATIMER, P. R. KNOWLES AND A. VUYLSTEKE 


Summary 

Nitric oxide (NO) is effective in the management 
of pulmonary hypertension and shunt-related 
hypoxia. Nitrogen dioxide {(NO,) is formed when 
the gas is delivered with oxygen. Both oxides of 
nitrogen have well recognized adverse effects. 
The scavenging properties of several forms of 
soda lime have been investigated. A gas flow 
containing NO 70 ppm and NO, 5 ppm in oxygen 
was introduced into a vertically mounted 
Waters’ canister containing: (i) 125 g of molecu- 
lar sieve 5A (a calcium aluminosilicate zeolite) 
and (ii) 135 g of soda lime containing a 
potassium permanganate marker. NO and NO, 
concentrations were measured at hourly inter- 
vals at the entry and exit points using an electro- 
chemical analyser. Extraction ratios (gradient/ 
inlet x 100) were calculated for a 24-h period. 
High extraction ratios (in excess of 90%) of NO 
and NO, were observed with both compounds 
for up to 1 h but these declined rapidly after this 
time with soda lime. In contrast, the molecular 
sieve produced extraction ratios in excess of 
98% for both gases over the 24-h period. We 
conclude that the molecular sieve 5A is a highly 
effective scavenger of NO and NO,. (Br. J. 
Anaesth. 1996;77:534-536) 


Key words 


Equipment, scavenging devices. Gases non-anassthetic, 
nitric oxide. Gases non-anaesthetic, nitrogen dioxide. 


Therapeutic administration of nitric oxide (NO) is 
complicated by the formation of nitrogen dioxide 
(NO,). Extraction of NO and NO, by several forms 
of soda lime has been investigated but these failed to 
demonstrate high extraction ratios for both oxides of 
nitrogen over prolonged periods under conditions 
which are relevant to the clinical situation (i.e. with 
an oxygen-rich carrier gas and an appropriate 
NO:NO, ratio)’. 

We have investigated the extraction properties of 
zeolite Ca-A (known commercially as molecular 
sieve 5A because of its 5 A channel aperture) under 
such conditions. A comparison was made with soda 
lime containing a potassium permanganate indicator 
which was shown by Pickett and colleagues to have 
higher extraction ratios than other forms of soda 
lime’?’. 


Methods 


A vertically mounted Waters’ canister (id 6.5 cm, 
length 10 cm) was filled with: (1) molecular sieve 5A, 
pellet size 1.5 mm, mass 125 g (BDH Chemicals, 
Poole, UR) or (2) soda lime, green-to-brown, 8—12 
mesh, mass 135 g (Sofnolime, Molecular Products, 
Thaxted, Essex, UK). As the intra-crystalline space 
of the zeolite is normally filled with water, before use 
the material was dehydrated by heating at 400 °C for 
24 h. A gas flow containing NO 70 ppm and NO, 
5 ppm in oxygen was introduced at a flow rate of 
10 litre min’. A calibrated Bedfont EC 90 electro- 
chemical analyser (Bedfont Scientific Limited, Up- 
church, Kent, UR) was used to assess concentrations 
of NO and NO, at the entry and exit points. 
Measurements were recorded hourly for 24 h with 
each absorber. Calibration of the electrochemical 
analyser was verified on completion of each set of 
readings. Gas pressure at the entry and exit points 
was recorded for each compound; the gradient 
remained at less than 1.5 cm H,O throughout. 
Extraction ratios of NO and NO, for each compound 
were calculated for the 24-h period. 


Results 


High extraction ratios (in excess of 90%) of NO and 
NO, were observed with both compounds for up to 
lh. Subsequent observations revealed a rapid 
decline in the soda lime extraction of both NO and 
NO,. This was more marked for NO. In contrast, the 
molecular sieve gave extraction ratios in excess of 
98% for both gases over the 24-h period. Complete 
extraction of nitrogen dioxide was observed at 24 h 
(figs 1, 2). 


Discussion 


Zeolitic molecular sieves are aluminosilicates built 
from corner-sharing SiO, and AlO, tetrahedra 
linked by the apical oxygen atoms to form frame- 
works of high internal surface area with regular 
channels and cavities of molecular dimensions*”’. 
The channel systems, which may be one-, two- or 
three-dimensional, may occupy more than 50% of 
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Figure 1 Extraction ratio of nitric oxide from an oxygen carrier 
using molecular sieve 5 (@) and soda lime (O). 
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Figure 2. Extraction ratio of nitrogen dioxide from an oxygen 

carrier using molecular sieve 5 (@) and soda lime (O). 


crystal volume. Their microporous structure enables 
zeolites to be used as molecular sieves as they can 
only adsorb molecules of certain size. The net nega- 
tive charge of the framework, equal to the number of 
the constituent aluminium atoms, is balanced by 
exchangeable cations, Mn’, located in the channels 
which normally also contain water. The general oxide 
formula of zeolite 5A is: 
Cag, [Al,2 Si, 204g ]x27 H2O 

There are approximately 40 identified zeolite min- 
erals and at least 140 synthetic species with a wide 
range of compositions. The most important proper- 
ties of zeolites are their ability to adsorb organic and 
inorganic substances and to act as cation exchangers 
and catalysts. Depending on pore diameter and 
molecular dimensions, species such as gaseous 
elements, ammonia, alkali metal vapours, hydrocar- 
bons and many other organic and inorganic species 
may be accommodated in the intra-crystalline space 
of dehydrated zeolites. This process, known as 
molecular sieving, is a powerful method for the reso- 
lution of mixtures. Commercial applications include 
the drying of organics, separation of hydrocarbons 
and of N, and O, in air, and removal of NH, and 
CS, from industrial gases. Cations neutralizing the 
electrical charge of the aluminosilicate framework 
can be exchanged for other cations from solution. 
Zeolites often possess selectivities for certain cations, 
and this is used for their isolation and concentration. 

Molecular sieving properties of zeolites are further 
modified by ion exchange. Thus sodium aluminosili- 
cate zeolite absorbs both N, and O, while calcium 
aluminosilicate zeolite (molecular sieve 5A) absorbs 
nitrogen preferentially to oxygen. We have demon- 
strated slightly preferential uptake for NO, over NO 
with 5A. Uptake of both oxides of nitrogen by 5A is 
marginally reduced when nitrogen is used as the 
carrier gas (data not shown), but more efficient 
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extraction from an oxygen-rich carrier is desirable if 
the compound is to be used as a scavenger. A reduc- 
tion in efficiency of uptake can also be expected with 
the introduction of carbon dioxide and water to the 
carrier gas. Water vapour is a particular problem as it 
reacts with nitrogen dioxide to form nitric acid which 
leads to gradual degradation of the sieve. This prob- 
lem has been encountered in the commercial 
production of nitric acid which involves the catalysed 
oxidation of ammonia. Degradation can be delayed 
substantially by the interposition of a bed of silica gel 
(US patent specification 3674429). Other properties 
which make the molecular sieve 5A suitable for use as 
a scavenger are its low cost and lack of toxicity’. 

Green-to-brown soda lime uptake of NO and NO, 
for the first hour was similar to that reported by 
Pickett and colleagues who showed green-to-brown 
Sofnolime to have a higher extraction ratio for NO 
than that of pink-to-white or violet-to-white Sofno- 
lime’. Using a ratio of 8.6:1 of NO:NO., Ishibe and 
colleagues reported an extraction ratio of 11.9% NO 
for Sodasorb lime’. 

Uptake of NO appears to depend on the presence 
of NO, (indirectly proportional to the NO:NO, 
ratio). This observation is consistent with the 
reactions suggested by Ishibe and colleagues* and 
Kain’: 


2NO + 2NO, + 2NaOH + Ca(OH). 
2NaNO,+Ca(No,), + 2H,O 
4NO, + 2NaOH + Ca(OH), 
2NaNO, + Ca(NO 3). + 2H,O 

The higher NO extraction ratio observed with soda 
lime containing a potassium permanganate marker is 
explained by the powerful oxidizing properties of this 
material. The reaction proceeds as follows’: 

NO + KMn0O,->KNO, + MnO, 

The contribution of potassium permanganate to 
NO uptake is supported by our observation that the 
rapid reduction in NO extraction coincided with the 
colour change from green to brown of the soda lime. 
Prolonged efficiency of any form of soda lime as a 
scavenger of both oxides of nitrogen has yet to be 
demonstrated. Ishibe and colleagues reported a 5% 
breakout time of 30 days for NO, using high purity 
nitrogen as the carrier gas and a flow rate of 1 litre 
min", 

We conclude that the molecular sieve 5A was a 
highly effective scavenger of NO and NO,. We have 
demonstrated this property with a clinically relevant 
gas composition over a 24-h period. Advantages over 
soda lime include lower cost and greater efficiency. 
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Sevoflurane degradation to compound A in anaesthesia breathing 


systems 


D. D. CUNNINGHAM, S. HUANG, J. WEBSTER, J. MAYORAL AND R. W. GRABENKORT 


Summary 

Determination of an effective rate constant and 
activation energy allowed the application of 
steady-state theory to predict concentrations of 
compound A from sevoflurane concentrations, 
fresh gas flow rate, absorbent temperature and 
amount of absorbent. Studies by eight research 
groups were compared. Lower concentrations of 
compound A than predicted were observed at 
low flow rates, suggesting that its degradation 
by the absorbent is important in limiting the 
maximum observed concentrations in closed 
and low-flow breathing systems. Trial-to-trial 
and batch-to-batch variations in compound A 
concentrations were observed in model system 
tests of commercial and pilot-plant absorbents. 
Chemical modification of the absorbent with 
glycerol lowered concentrations of compound A, 
possibly by formation of a nucleophilic addition 
product. An ideal chemical scavenger would 
ramain stable and non-volatile in the absorbent 
before irreversibly reacting with compound A to 
form a stable non-volatile product. (Br. J. 
Anaesth. 1996;77:537-543) 


Key words 
Anaesthetics volatile, sevoflurane. Carbon dioxide, absorp- 
tion. Equipment, breathing systems. 


Sevoflurane may degrade to form compound A and 
other degradation products (fig. 1). Methanol may 
further add to compounds C, D and E to form pro- 
gressively larger molecular weight degradation prod- 
ucts (structures not shown). In most studies reported 
in the literature, the concentration of compound A 
increases to a near steady-state concentration’. In 
this study, determination of an effective rate constant 
and activation energy allowed the application of a 
steady-state theory to predict steady-state compound 
A concentrations from sevoflurane concentrations, 
fresh gas flow rate, absorbent temperature and 
amount of absorbent. Development of the theoretical 
model allowed comparison of results from eight 
research groups during July 1995. Confirmation of 
the theory was attempted using a model breathing 
system with standard and modified absorbent 
canisters. 

The composition of the absorbent has also been 
viewed as a factor in the generation of compound 
A?*?*""_ Pilot-plant batches of absorbent with differ- 
ent concentrations of sodium hydroxide and potas- 
sium hydroxide were tested in a model breathing sys- 


tem under conditions designed to produce high 
concentrations of compound A. The possible role of 
moisture is discussed. 

Previous detection of compound B in low-flow 
breathing systems’ Y ™ suggested that addition of 
an alcohol to compound A readily occurred. Labora- 
tory batches of absorbent were modified with two 
non-volatile alcohols, glycerol and polyvinyl alcohol, 
and tested. 
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Figure 1 Reaction scheme for the degradation of sevoflurane in 
the presence of base. 
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Figure 2. Schematic diagram of the modified absorbent canister. 
An orifice plate near the top directed the expired gas flow 
through the soda lime. A Dayton centrifugal fan introduced room 
air into the centre of the device, then around the cylinders to side 
holes at the periphery, and down the outside to the bottom. 


Materials and methods 


Simulated clinical conditions were produced using a 
Drager Narcomed anaesthesia machine with ventila- 
tor, Drager vaporizer, Marquest humidifier, breath- 
ing system and humidification chamber with a 
Gibeck heavy wall test lung attached to the y-site. 
Standard conditions of 1.5% sevoflurane, oxygen 
250 ml min", nitrous oxide 250 ml min” and carbon 
dioxide 340 ml min” into the y-site, tidal volume 500 
ml, 16 bpm and carbon dioxide absorbent 1 kg were 
monitored using a Datex Capnomac Ultima gas ana- 
lyser, unless otherwise noted. The carbon dioxide 
flow rate was large to produce high temperatures in 
the absorbent and production of compound A. 

A range of temperatures for the Arrhenius plot (fig. 
2) was generated using standard conditions, except 
for carbon dioxide 0400 mi min’. Flow rate 
dependance was studied over the range 0.54 litre 
min", otherwise using standard conditions. The rates 
were tested randomly and each held constant until a 
near steady-state compound A concentration was 
reached. Sevoflurane concentrations of 1.5% and 
4.0% were used to test concentration dependence. 
One batch of Sodasorb was separated into 4, 6, 8 and 
12 mesh fractions. The amounts of 4 and 12 mesh 
material were insufficient for testing. 

Absorption of compound A to materials in the 
breathing system was tested using 0.7-3.4 ppm of 
compound A in 1-5% sevoflurane without absorbent 
in the canisters. Temperatures were measured with 
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Figure 3 Arrhenius plot of near steady-state rates of formation 
of compound A against 1/T. Slope =-2027 °K, RSD=7%. 
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custom-made type K thermocouples using a Na- 
tional Instruments A/D converter with Lab View 
software. Forced air cooling was conducted using 
modified absorbent canisters constructed using 18 
equally spaced 0.5-mm thick metal cylinders which 
were inserted in place of the standard double canister 
(fig. 2). Convective cooling was conducted using 
canisters with 19 cylinders (0.5-1.2 mm) without the 
outer baffled shroud shown in figure 2. Laboratory 
batches of absorbent were prepared with a water 
content of approximately 35%, passed through a 
gtinder with 3-4 mm holes in the extrusion plate, 
and dried further to values reported before use. 

Concentrations of compound A were measured 
using a gas chromatography method described previ- 
ously'®. Standard addition/recovery experiments per- 
formed by two analysts in the range 4-32 ppm were 
found to give an overall recovery of 102% (n=12, 
range 88—117%, sd 9%). The variation in the stand- 
ard addition/recovery results included any variation 
in the preparation of the samples, and the normal 
variation in the assay. Generally, concentrations of 
compound A were measured in the model breathing 
system every 15-30 min for at least 150 min. For 
convenience, only the maximum concentration 
found during each experiment is reported. 


THEORY 


A steady-state approximation was formulated to pre- 
dict the steady-state concentration of compound A 
based on the factors of sevoflurane concentration, 
fresh gas flow rate, temperature and amount of 
absorbent. At steady-state, the amount of compound 
A formed in the breathing system is assumed to be 
equal to the amount of compound A carried out of 
the system by the fresh gas flow, as shown in equation 
(1): 

(Vxkx[sevo])—({cpd A]xfresh gas flow rate)=0(1) 
where V=volume of reaction, k=effective rate con- 
stant, [sevo]=volatile fraction of sevoflurane, and 
[cpd A]=near steady-state concentration of com- 
pound A in the breathing system. As the degradation 
reaction probably occurs in the highly basic aqueous 
coating over the insoluble portion of the absorbent, 
the reaction volume was taken as the approximate 
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Figure 4 Temperatures at various positions within the upper 
canister: inlet centre (@), middle centre (A), outlet centre (W), 
inlet wall (OQ), middie wall (A) and outlet wall (O). 
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Table 1 Summary of compound A studies and predicted near steady-state compound A concentrations. a = Long-term (10 h) study, b = 
laparoscopic cholecystectomy patients, c = tympanoplasty patients, d = paediatric patients, e = with carbon dioxide 200 ml min™, f= 
Baralyme, g = Wakolime-Ace, h = results from Sodasorb and Baralyme combined, i = Wakolime, j = with carbon dioxide 340 ml min", k 
= with carbon dioxide 340 ml min™ and convective cooling, 1 = with carbon dioxide 340 ml min™ and forced air cooling, m = with carbon 
dioxide 200 ml min™, uncooled canister, n = with carbon dioxide 200 ml min™, canister cooled in ice. NA = not available, NC = not 








calculable 

Fresh gas Compound Compound Difference 
Research Sevoflurane flow Absorbent Temp. A found A predicted (predicted—found) 
group Nature of study Ref. (%) Qitre min™) (kg) (°C) (ppm) (ppm) (ppm) 
1 8 patients 1 2.0 1 2.6 44.6 20 29 9 
1 8 patients 1 1.9 3 2.6 37.0 8 6 -2 
1 8 patients 1 1.8 6 2.6 29.1 2 2 0 
1 8 patients 2 1.08 0.77 2.6 37.8 8 15 7 
1 8 patients 2 1.14 0.77 2.6 46.4 20 23 3 
2 8 patients 3 1.7 1 2.6 46.0 24 26 2 
2 8 patients 3 1.6 1 2.6 ®© 47.0 32 26 -6 
2 10 patients (a) 4 1.4 1 2.6 46.3 20 22 2 
2 16 patients (b) 5 2.1 1 2.6 46.4 22 33 11 
2 8 patients (c) 5 2.1 1 2.6 44.8 20 31 11 
3 16 patients 6 2 0.5 2.6 41.6 19 51 32 
3 15 patients 6 2 2 2.6 41.5 17 13 —4 
1 22 patients (d) 7 2 2 2.6 30.0 5 7 2 
2 10 patients 8 2.1 Closed 2.0 46.0 30 NC NC 
4 3 dogs 9 3 0.2 0.7 37.2 21 42 21 
4 2 dogs 9 3 0.2 0.7 (g) 37.1 35 41 6 
5 Model system (j) This work 1.5 0.5 1.0 57 29 29 0 
5 Model system (k) This work 1.5 0.5 1.0 51 17 22 -5 
5 Model system () This work 1.5 0.5 1.0 42 10 15 -5 
6 Model system (m) 10 1.5 0.22 1.2 46 23 50 27 
6 Model system (n) 10 1.5 0.22 1.2 26 11 20 9 
7 Model system (e) 11 2 0.5 2.4 46.3 28 58 20 
7 Model system (e) 11 2 i 2.4 h) 42.9 23 25 2 
7 Model system (e) 11 2 2 2.4 (b) 37.3 15 10 <5 
7 Model system (e) 11 2 4 2.6 (h) 27.6 6 3 =3 
3 Model system (e) 12 1 0.3 2.6 (h) 44.0 12 47 35 
3 Model system (e) 12 2 0.3 2.6 44.0 24 95 71 
3 Model system (e) 12 4 0.3 2.6 44.0 41 189 148 
8 Model system (e) 13 1 Closed 0.8 @ 47.9 13 NC NC 
8 Model system (e) 13 2 Closed 0.8 @ 47.9 30 NC NC 
8 Model system (e) 13 3 Closed 0.8 i) 47.9 42 NC NC 
8 Model system (e) 14 0.6 Closed 1.6 NA 2 NC NC 
8 Model system (e) 14 1.7 Closed 1.6 NA 5 NC NC 
8 Model system (e) 14 2.7 Closed 1.6 NA 14 NC NC 





volume of water in the absorbent. The effective acti- 
vation energy can be calculated from: 


ga = R2303 0ga) - log(k1)) (2) 
(21) 
T2 T 


where k, and k,=rate constants at temperatures T, 
and T, and R=gas constant. Therefore, by plotting 
log & against 1/T (an Arrhenius plot) for a range of 
temperatures, the slope of the line provides the net 
result of all the unknowns in equation (2). When the 
activation energy is known, and the rate constant at 
one temperature T, is also known, the rate constant 
at any other temperature T, can be determined by 
rearranging equation (2) and solving for kz. 


Results 

The effective rate constant for degradation to 
compound A was determined at 24 °C with 1 kg of 
Sodasorb and 18% water, using standard conditions 
without introduction of carbon dioxide. The near 


steady-state compound A concentration in the 
system was then 6 ppm, produced from a reaction 
volume of 180 ml (18% of 1 kg), a sevoflurane frac- 
tion of 0.015 and a fresh gas flow rate of 500 ml 
min”. The calculated rate constant from equation (1) 
was 1.9x10° s”. 

The temperature dependence of the near steady- 
state compound A concentration in the breathing 
system for maximal temperatures of 24—60 °C is pre- 
sented in the form of an Arrhenius plot in figure 3. 
The effective activation energy for the formation of 
compound A, Ea, calculated from the slope of the 
line in figure 3 using equation (2), is 39 kJ mol’. 

An effective activation energy of 39 kJ mol’ and an 
effective rate constant of 1.9x10° s"* at 24 °C were 
used to calculate (from a rearranged equation (2)) 
the effective rate constants for the maximum 
temperatures reported in different studies. Then, 
equation (1) was used to calculate the predicted near 
steady-state compound A concentration from the 
sevoflurane fraction, fresh gas flow rate and amount 
of absorbent used in the study (assuming a water 
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content of 18%). Studies from eight research groups 
are summarized in table 1. In some cases mean 
values for temperature were used. Although not 
strictly correct mathematically, use of mean values 
allowed comparison of the studies where tempera- 
tures for individual patients were not reported. 

A typical temperature profile of the absorbent 
obtained using the standard conditions with two 
canisters of Sodasorb is shown in figure 4. Increasing 
the sevoflurane concentration from 1.5% to 4.0% 
after 2 h did not change the characteristic shape of 
the temperature profile (data not shown). Initially, 
carbon dioxide was absorbed in a narrow carbon 
dioxide reaction zone at the top of the absorbent. As 
observed by the change in colour of the pH indicator, 
this zone moved along the absorbent with time. As 
shown in figure 4, the maximal temperatures reached 
at the centre of the canister remained nearly constant 
with time, indicating efficient heat transfer from the 
carbon dioxide reaction zone. The wall portions of 
the absorbent reached temperature maxima at 
progressively later times, but the combined mean 
temperature of the wall sites remained approximately 
constant. 

Results from studies performed with commercially 
available absorbents are shown in table 2. Using 1 kg 
of Sodasorb in a single canister, maximum concen- 
trations of compound A were in the range 23-41 
ppm (mean 29 (sp 5) ppm; n=9) using four different 
batches of absorbent. Convective cooling of the 
modified canister gave maximum concentrations of 
compound A of 15-21 ppm (mean 17 (2.3) ppm; 
n=5). Forced air cooling of the modified canister 
gave maximum concentrations of compound A of 
9-12 ppm (mean 10 (1.2) ppm; n=6). The predicted 
and found values are included in table 1. 

Results from the fresh gas flow rate study are 
shown in figure 5. The measured absorbent tempera- 
ture was approximately constant (46 + 3 °C) at each 
flow rate. Increasing the sevoflurane concentration 
from 1.5% to 4.0% increased mean maximal steady- 
state concentrations of compound A from 22 to 69 
ppm (n=3). The 6 and 8 mesh fractions gave 
maximum compound A concentrations of 34 ppm 
and 33 ppm (table 2). In the absorption study, recov- 
ery of compound A from the breathing system in the 
absence of absorbent was 102-114%. 

Results from pilot-plant batches of absorbent pre- 
pared with different concentrations of sodium and 
potassium hydroxide are shown in table 3. During 
initial studies, the lowest concentrations of com- 
pound A were observed with about 5% sodium 
hydroxide, which led to the preparation of a produc- 
tion batch which gave a higher concentration of com- 
pound A than any of the pilot-plant batches. The 
ranges of values observed for both sodium hydroxide 
batches (9-34 ppm) and potassium hydroxide 
batches (19-38 ppm) were wide. Correlation of the 
concentrations of compound A with percentage base 
was stronger for potassium hydroxide batches 
(°=0.90) than for sodium hydroxide batches 
(r°=0.15). 

The composition and test results for laboratory 
batches of absorbent are shown in table 4. Note that 
the sodium hydroxide and potassium hydroxide types 
of absorbents were prepared with approximately 
equal amounts of base on a molar basis. 
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Figure 5 Dependence of near steady-state maximum 
concentrations of compound A on fresh gas flow rates in a model 
breathing system. Slope=compound A 10 ppm litre? min”; 
RSD=10%. 


Table 2 Maximum temperatures and concentrations of 
compound A generated with commercial absorbents using 
standard conditions (see text). * 2 cannisters of 1 kg each 








Temperature Compound 





Absorbent Batch No. (°C) A (ppm) 
WR Grace Sodasorb 1 NA 23 
WR Grace Sodasorb 1 NA 31 
WR Grace Sodasorb 1 NA 29 
WR Grace Sodasorb 2 NA 26 
WR Grace Sodasorb 2 55 24 
WR Grace Sodasorb 2 57 28 
WR Grace Sodasorb 2 56 30 
WR Grace Sodasorb 3 57 25 
WR Grace Sodasorb 4 59 41 
4 (6 mesh 
WR Grace Sodasorb fraction) 57 34 
4 (8 mesh 

WR Grace Sodasorb fraction) 56 33 
WR Grace Sodasorb 1* 53 19 
WR Grace Sodasorb 2* 55 18 
WR Grace Sodasorb 2* 58 14 
Puritan Bennette 

Sodalime l NA 40 
Chemetron Baralyme 1 57 31 
Molecular Products 

Sofnoline GB l 57 16 
Discussion 


The temperature profiles within the canister were 
complex (fig. 4), but attainment of near steady-state 
concentrations of compound A over long periods of 
time showed that the effective temperature was rela- 
tively constant. Thus an effective activation energy 
and effective reaction rates could be calculated. 
Arrhenius plots of near steady-state concentrations 
of compound A reported in previous studies (plots 
not shown) gave effective activation energies of 29 kJ 
mol’ ”, 76 kJ mol” ”, 55 kJ mol” ” and 28 kJ mol” ”, 
compared with our value of 39 kJ mol". 

Values of individual factors used to predict the 
near steady-state compound A concentrations are 
shown in table 1; with some exceptions, the 
predictions agreed with the measured values. Thus in 
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Table 3 Maximum temperatures and concentrations of 
compound A generated with pilot-plant batches of absorbent 
using standard conditions (see text). * Production batch, ** 2 
canisters of 1 kg each, *** with convectively cooled canister. NA 
= not available 


NaOH KOH Temperature Compound A 

Vendor (%) (%) (°C) (ppm) 
1 0.4 0 52 21 
1 1.2 0 50 14 
1 1.2 0 52 17 
1 2.2 0 54 17 
1 2.2 0 52 20 
1 4.8 0 58 11 
1 5.2 0 54 13 
1 5.2 0 53 10 
1 5.2 0 54 9 
1* 5.0 0 57 27 
pa 4.8 0 53 12 
Badal 4.8 0 53 6 
2 0 0 NA 17 
2 o 0 51 19 
2 0 0 53 23 
2 1.9 0 55 31 
2 3.0 0 56 34 
1 0 1.5 52 19 
1 0 15 54 22 
1 0 3.4 54 29 
1 0 5.5 58 38 
1 0 5.5 55 38 
1 0.4 0.7 52 19 
1 1.9 0.2 53 17 
1 1.5 2.4 55 29 


human clinical studies the predicted values are com- 
parable with the measured variables (within +6 to 
~11 ppm of predicted values), except for the study of 
16 patients at site three using a fresh gas flow of 0.5 
litre min”, where a much higher concentration was 
predicted. However, in clinical practice the entire 
fresh gas flow is not available to carry compound A 
out of the breathing system as approximately 80-250 
ml min” of oxygen are converted to carbon dioxide 
by the patient’. If this were corrected for by using a 
smaller fresh gas flow in equation (1), the predicted 
concentration would be even higher. In model 
systems (with no oxygen absorption), the predictions 
were also much higher than the measured values at 
fresh gas flow rates of less than 0.5 litre min’. The 
steady-state approximation(equation (1)) predicts 
that as the fresh gas flow rate approaches 0, concen- 
trations of compound A should approach infinity, in 
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contrast with the finite experimental results for 
closed systems. The most likely explanation for this 
discrepancy is that a substantial fraction of com- 
pound A is degraded during recirculation through 
the carbon dioxide scrubber. Degradation of com- 
pound A in the presence of soda lime has been 
described”; however, insufficient detail exists to 
calculate the magnitude of removal of compound A 
from the breathing system by this mechanism. Large 
non-volatile products could be formed from com- 
pound A by repeated additions of methanol and 
elimination of hydrogen fluoride (an extension of the 
reaction scheme in fig. 1). Absorption of compound 
A to the breathing system in the absence of a carbon 
dioxide absorbent did not appear to be a factor. Fur- 
ther clarification of the degradation of compound A 
was beyond the scope of our studies. 

As described here and elsewhere, results for the 
individual factors of sevoflurane concentration”, 
and temperature” ”*’” were in general agreement 
with the theory. In previous studies, fresh gas flow 
rate dependence was noted; however, in these studies 
the temperature varied over a range greater than 
15 °C so the true flow rate dependence was not 
determined’. However, table 1 sheds no light on the 
effect of the amount of absorbent on the concentra- 
tion of compound A because most of the experi- 
ments with smaller amounts used fresh gas flows of 
less than 0.5 litre min’. The limited data from our 
own experiments (table 2) tend to contradict the 
theory showing lower concentrations with larger 
amounts. 

The effective reaction volume may be affected by 
the moisture content of the absorbent. The surface 
area of 4-8 mesh absorbent has been estimated as 
600 cm’ cc’, but only 16% of the area is active in 
absorbing carbon dioxide because water fills much of 
the internal pores”. The moisture content may 
change during absorption of carbon dioxide, as the 
heat of reaction of 1 mol of carbon dioxide (which 
produces 1 mol, i.e. 18 g of water) is sufficient to 
vaporize 25 g of water”. Measurements of actual 
vaporization and calorimetry of the system are com- 
plex as the heat of reaction is carried away by the 
recirculating gas, increases the temperature of the 
soda lime and vaporizes water. The humidity of the 
recirculating gas should also affect the amount of 
water vaporized and the increase in temperature in 
the absorbent. Thus the initial moisture content of 
the absorbent may significantly affect the sevoflurane 
degradation reaction volume, and many factors may 
affect the moisture content and surface area of the 


Table 4 Composition of laboratory batchs of absorbent and maximum cincentrations of compound A generated using standard 
conditions (see text). *Absorbent contained 1.7% polyvinyl alcohol, **remainder is calcium hydroxide 


NaOH and 

NaOH type KOH type 
% by weight** 
NaOH 3.5 4.2 4.1 2.2 3.3 
KOH 0 0 0 31 2.3 
Ba(OH), 0 0 0 0 0 
Glycerol 0.5 1 0 0 1 
Moisture 15 19 21 17 16 


Compound A (ppm) 7 10 14 29 15 


KOH and 

Ba(OH), 
KOH type type 
0 0 0 0 0 0 0 0 
6.9 6.8 6.7 66 64 6.6 4.1 3.5 
0 0 0 0 0 0 92 7.9 
0 Q 0.1 0.5 1 0 0 0.8 
15 16 15 16 20 17 24 21 
38 46 39 31 21 65* 20 17 
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absorbent during use. Drying Sodasorb from 16% to 
11% moisture had little effect on the concentrations 
of compound A, but drying to 2-6% moisture 
produced greater concentrations, contrary to the 
effect of Vin equation (1) and different ratios of deg- 
radation products”, suggesting that the chemical 
mechanism of degradation is dramatically different 
on a dry surface. 

There are contradictory reports on the role of 
sodium hydroxide, potassium hydroxide and barium 
hydroxide on the degradation of sevoflurane to com- 
pound A *°°'*”’, Significant variability was observed 
with commercial absorbents (table 2). Pilot-plant 
batches of absorbent containing 5% sodium hydrox- 
ide from vendor 1 (table 3) gave concentrations of 
compound A which were less than half the 
concentrations found for Sodasorb. A 5% sodium 
hydroxide absorbent batch made to production scale 
by the vendor and pilot-plant batches prepared by a 
second vendor gave high concentrations of com- 
pound A. Pilot-plant batches prepared without either 
sodium or potassium hydroxide still absorbed carbon 
dioxide, but with lower efficiency, and produced sig- 
nificant compound A concentrations. 

The cause of the variation in compound A concen- 
trations observed with commercial absorbents is 
unclear (table 2). The variability in size distribution 
and composition of an absorbent during normal pro- 
duction is low. Thus variability in drying conditions 
and other manufacturing steps, which may lead to 
different amounts of reactive surface area, is a more 
likely explanation. More accurate measurement of 
the variability of commercial absorbents and clarifi- 
cation of the role of production variables was not 
pursued. 

A chemical approach to scavenge compound A 
from the breathing system was investigated. An ideal 
chemical scavenger would be stable and non-volatile 
in the chemically basic conditions of soda lime or 
Baralyme, would react with compound A, and form a 
relatively stable non-volatile product with compound 
A. The reaction scheme in figure 1 shows that 
methanol adds across the double bond of compound 
A to form compound B. Although concentrations of 
methanol were not measured (fig. 1), low concentra- 
tions would be expected as little sevoflurane degrades 
and the formation of hydrogen from basic solutions 
of formaldehyde competes with the Cannizarro reac- 
tion”. Low concentrations of compound B have been 
detected in breathing systems’*° ™™; thus, the nucle- 
ophilic addition of methanol readily occurred. Glyc- 
erol and polyvinyl alcohol were tested as additives in 
various calcium hydroxide-based absorbents. As the 
results in table 4 show, for each type of absorbent 
tested the concentration of compound A was lower 
when glycerol was present. These results support the 
principle of chemical scavenging. The concentrations 
of compound A with sodium hydroxide-type absorb- 
ents were lower than with the potassium hydroxide- 
type absorbents. Absorbent prepared with polyvinyl 
alcohol additive gave high concentrations of com- 
pound A, possibly because of increased absorption of 
sevoflurane into the non-polar portion of the polyvi- 
nyl alcohol polymer, which effectively increased the 
contact area with the highly basic absorbent. Results 
for the Molecular Products Sofnoline GB (table 2), 
which is not used routinely in breathing systems for 
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general anaesthesia, showed that potassium perman- 
ganate used as the indicator may also affect the con- 
centration. Identification of a more reactive additive 
was not pursued as the maximum concentration of 
compound A formed in the breathing system appears 
to be limited by the main factors in the steady-state 
model, and at low fresh gas flow rates the maximum 
concentration appears to be limited further by degra- 
dation of compound A. 
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SHORT COMMUNICATION 





Evaluation of the usefulness of intrathecal bupivacaine infusion for 
analgesia after hip and knee arthroplasty 


L. Niemi, M. PITKÄNEN, P. DUNKEL, E. Laakso AND P.H. ROSENBERG 


Summary 

Spinal anaesthesia in 47 ASA HII patients was 
induced with 0.5% bupivacaine 2 ml via a 
28-gauge spinal catheter (L3-4 interspace) and 
0.5-ml increments were given if needed before 
or during hip or knee arthroplasty. Intrathecal 
24-h infusions consisted of 0.5% bupivacaine 
0.4 ml h? (2 mg h’) (n=12), 0.5% bupivacaine 
0.2 ml ht (1 mg h’) (n=12) or saline (n=11) 
(12 exclusions). Patients received oxycodone 
0.1-0.14 mg kg i.m. for rescue analgesia. 
Infusion of bupivacaine 2 mg h" provided signifi- 
cantly better postoperative analgesia (19 oxyco- 
done doses per group in 24 h) compared with 
bupivacaine 1 mg h” (36 doses of oxycodone per 
group) and saline (52 doses per group) (P<0.05). 
Five patients in the bupivacaine 2-mg h’ group 
and none in the other groups had measurable 
sensory block 24 h after the infusion was started. 
Three patients in the bupivacaine 2-mg h” group, 
two with concomitant arterial hypotension, and 
one patient in the bupivacaine 1-mg h“ group 
experienced an increase in block on the ward. 
The incidence of nausea and vomiting was simi- 
lar in all groups. Although an effective analgesic, 
intrathecal infusion of bupivacaine 2 mg h” can- 
not be recommended for routine pain relief 
because of the risk of increasing spinal block. 
Technical problems (19%) also reduced the 
overall efficacy of the continuous intrathecal 
analgesic regimen. (Br. J. Anaesth. 1996;77:544— 
545) 
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Spinal catheter techniques permit flexibility in titrat- 
ing the extent of spinal anaesthesia and increasing its 
duration as needed. Spinal catheters can also be used 
for postoperative pain relief. Opioids are the drugs 
most often administered intrathecally for postopera- 
tive pain'’?. However, technical problems with the 
microcatheters’* and opioid side effects’? are dis- 
turbingly frequent. 

We decided therefore to evaluate the use of 
continuous low-dose intrathecal bupivacaine infu- 
sion in the treatment of postoperative pain after hip 
and knee arthroplasty. 


Methods and results 


The study was approved by the local Ethics 
Committee and patients gave their verbal informed 
consent. 

We studied 47 ASA I-III patients undergoing hip 
or knee arthroplasty. All patients were premedicated 
with oral diazepam 5-15 mg depending on the 
patient’s weight and age. Subarachnoid puncture was 
performed in the midline at the L3—4 interspace with 
the patient in the lateral position. A 28-gauge spinal 
catheter (CoSPAN Kendall, Basingstoke, UK) was 
inserted via a 22-gauge spinal needle. The catheters 
were advanced 3—4 cm past the needle tip into the 
subarachnoid space. Plain 0.5% bupivacaine 2 ml 
was administered via the catheter and incremental 
doses of bupivacaine 0.5 ml (maximum four doses=2 
mil) were administered with the aim of reaching T6. 

Patients were allocated randomly to one of three 
groups. Patients in group 1 received an intrathecal 
infusion of plain 0.5% bupivacaine 0.4 ml h” (2 mg 
h^), those in group 2 received 0.5% bupivacaine 0.2 
ml h' (1 mg hb’) and those in group 3 received an 
intrathecal infusion of saline 0.2 ml h”. The infusion 
was given using a syringe pump JMS Syringe pump 
SP-100, JMS Company Ltd, Hiroshima, Japan) 
which was started 60 min after induction of spinal 
anaesthesia, if the level of spinal block was less than 
T6. If not, the infusion was started after the block 
had decreased to less than T6. Increments of 
bupivacaine 0.5 ml were administered via the 
catheter during surgery, if needed. All patients had a 
urinary catheter in place during the study. For post- 
operative pain (at the operation site), oxycodone 
0.1-0.14 mg kg" i.m. was given on request. 

Patients were interviewed by the authors 3, 6, 12 
and 24 h after intrathecal infusion was started. Each 
interview included an assessment of the intensity of 
pain at rest and on movement of the operated leg 
using a 20-cm visual analogue scale (VAS) (0-10). 
Cephalad extension of the sensory and degree of 
motor block in the lower extremities were recorded. 
If the spinal block was increasing, the infusion rate 
was decreased by 50%. Heart rate, arterial pressure, 
nausea and vomiting were also recorded. 
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Table 1 Postoperative 24-h requirement of oxycodone and mean (range) time to first dose in the three intrathecal infusion groups. ** P < 


0.01 compared with saline 








Bupivacaine 2 mg h” Bupivacaine 1 mg h™ Saline 
No. of patients needing oxycodone 7/12 11/12 10/11 
No. of doses per group 19** 36 52 
No. of doses per patient 1.6 (0-8) 3 (0-9) 4.7 (0-9) 
Mean time to first dose (min) 498 (195-940) 408 (30-675) 428 (140-1470) 


The spinal catheters were removed by one of the 
investigators on the first day after operation. For 
removal, the patient was in the same flexed 
recumbent position as during spinal puncture. 

The Student’s t test was used for comparison of the 
differences between mean values for weight, height 
and age. Fisher’s exact test was used for comparison 
between frequencies. For other data comparisons, 
the Kruskal-Wallis one-way analysis of variance was 
applied followed by Dunn’s test. 

The study was terminated after the 47th patient 
because of two cases of hypotension related to the 
reappearance of spinal block during infusion (see 
below). Twelve patients were excluded from assess- 
ment of analgesia, mainly because of technical prob- 
lems (five accidental disconnections of the catheter, 
adequate level of spinal analgesia was not reached in 
three patients and single-dose spinal anaesthesia was 
given, one failure to insert the catheter and two 
patients needed intensive care because of haemody- 
namic instability). One patient wanted the infusion 
interrupted (bupivacaine 1 mg h“) because of the 
disturbing reappearance of sensory and motor block. 

Patients receiving bupivacaine 2 mg h” required 
significantly less oxycodone (19 doses in 12 patients) 
than those receiving bupivacaine 1 mg h`“ (36 doses 
in 12 patients) and saline (52 doses in 11 patients) 
(P<0.05). Mean time to administration of i.m. opioid 
from induction of spinal anaesthesia was comparable 
in the three groups (table 1). Median VAS scores at 
6,12 and 24 h were comparable. 

Five patients receiving bupivacaine 2 mg h“ had 
apparent sensory and motor block 12 h after the 
infusion was started compared with two patients 
receiving bupivacaine 1 mg h” and none receiving 
saline. Four patients experienced an increase in 
spinal block on the ward (three in the bupivacaine 
2-mg h` group and one in the bupivacaine 1-mg h“ 





group). All of these patients also had motor block. 
The intrathecal infusion was halved at 6.5 h, 8 h and 
9.3 h, respectively. Two patients in the bupivacaine 
2-mg h” group developed transient hypotension 
associated with the increase in block. Five patients in 
the bupivacaine 2-mg h” group had detectable 
sensory block at 24 h. In the bupivacaine groups, of 
those patients who did not receive any opioid, two of 
six patients experienced PONV. 


Comment 


Intrathecal infusion of bupivacaine 2 mg h`” for 24h 
provided satisfactory postoperative analgesia in 
patients undergoing hip or knee arthroplasty. How- 
ever, because of technical problems, unpredictability 
of the spread of intrathecal bupivacaine with 
reappearance of spinal block in some instances, and 
occasional sudden hypotension, this regimen cannot 
be recommended as a routine method for postopera- 
tive pain relief. 
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CASE REPORTS 











Bilateral compartment syndrome complicating prolonged lithotomy 


position 


J. TUCKEY 


Summary 

A case of bilateral compartment syndrome after 
prolonged Lloyd-Davies lithotomy position is 
described. The diagnosis was made early, 
despite effective extradural bupivacaine- 
fentanyl analgesia. The aetiology, diagnosis, 
pathology and treatment of compartment syn- 
drome are described. Complications of the 
syndrome may be life-threatening and perma- 
nently disabling. The anaesthetist should be 
aware of the potential complications of the 
operative positions of the unconscious patient. 
(Br. J. Anaesth. 1996;77:546-549) 


Key words 
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partment syndrome. 


The compartment syndrome describes a self- 
propagating cycle which occurs in the osseofascial 
compartments of the extremities. After a period of 
ischaemia, with reperfusion, the integrity of the cap- 
illaries may be compromised. This causes interstitial 
oedema and an increase in compartmental pressure. 
Untreated, it may lead to permanent neurovascular 
damage, myoglobinuria, renal failure, sepsis and 
death’. The compartment syndrome may complicate 
fractures, burns and crush injuries of the extremi- 
ties”. It has also been described as a complication of 
some positions adopted for surgery, notably the 
lithotomy and knee—chest positions’. 


Case report 


The patient was a 28-yr old man with a 10-yr history 
of ulcerative colitis. The previous year he had 
undergone an emergency total colectomy with ileos- 
tomy formation for acute exacerbation of the colitis. 
After colectomy he continued to pass blood and 
mucus per rectum and did not tolerate the ileostomy. 
Therefore, he was admitted for formation of an ileal 
pouch, excision of rectum and pouch—anal anasto- 
mosis. He had no other medical conditions of note. 
Anaesthesia was induced with thiopentone 3 mg 
kg’ and fentanyl 2 ug kg’ and neuromuscular block 
was produced with atracurium 0.5 mg kg". The 
trachea was intubated and the lungs ventilated with 
1-2% inspired isoflurane and 35% oxygen in air. An 
extradural catheter was introduced at the T12-L1 
interspace. Extradural analgesia was produced using 
fentanyl 100 pg and 0.5% bupivacaine 17 ml, with a 


3-ml test dose. An extradural infusion of fentanyl 
4 ug ml” and 0.125% bupivacaine was commenced 
during operation at a rate of 8 ml h’, 2 h later. Right 
internal jugular cannulation provided measurement 
of central venous pressure, and left radial arterial 
cannulation enabled continuous arterial pressure 
monitoring. 

The patient wore thigh-high anti-embolism stock- 
ings and was positioned in the Lloyd-Davies 
lithotomy position, with the legs well padded and the 
pressure points protected. For most of the procedure, 
the table was in the Trendelenburg position. Surgery 
lasted 7 h 35 min. 

Arterial pressure was maintained at or greater than 
90/50 mm Hg throughout the procedure. Haemo- 
globin concentration was maintained greater than 
10.2 g dI” in the peroperative period. Total blood loss 
was 4.2 litre. The patient’s body temperature was 
34.5 °C at the end of surgery. He was transferred to 
the intensive care unit for artificial ventilation of the 
lungs until his core temperature had returned to nor- 
mal and fluid status was stable. He was sedated 
lightly with propofol until the tracheal tube was 
removed 3 h after operation. By then he was warm, 
had a stable cardiovascular state and the extradural 
infusion provided satisfactory analgesia. 

The following day, 15 h after operation, with the 
extradural providing complete abdominal wound 
analgesia, the patient complained of bilateral painful 
lower legs. On examination, both lower legs were 
tense and swollen. The pedal pulses were present and 
sensation was intact, but the legs were very tender on 
palpation and pain was elicited on minimal dorsiflex- 
ion of the ankle. 

No calf muscle pressure monitoring was available. 
A diagnosis of bilateral compartment syndrome was 
made clinically. Decompressing fasciotomies were 
scheduled urgently to minimize the risk of perma- 
nent sequelae. 

The patient was transferred immediately to 
theatre. On each side, a 12-cm lateral incision was 
made under general anaesthesia. Bilaterally, a 3-cm 
segment of fibula was excised allowing four- 
compartment decompression. The wounds were left 
open. The extradural infusion was maintained. 

Despite repeated wound inspection under general 
anaesthesia, on day 4 after operation footdrop was 
noted. The patient was pyrexic and unwell and so an 
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infection screen was carried out. Blood cultures 
yielded coagulase-negative Staphylococcus aureus, and 
the leg swabs grew coliforms and bacillus. Appropri- 
ate antibiotics were given and he was returned to 
theatre for further leg wound inspection. The 
extradural had become dislodged and was therefore 
removed. 

On this occasion, large amounts of liquefied mus- 

cle were found bilaterally. In the lateral and anterior 
compartments, extensive areas of necrotic muscle 
were excised, with blood loss of 4.5 litre. The patient 
was septicaemic and required cardiovascular support 
with inotropic agents guided by pulmonary artery 
catheter studies. Myoglobinuria was detected and 
creatine kinase concentration peaked at 13 000 iu 
litre on day 5 after the original operation. Urine out- 
put was maintained throughout, facilitated by daily 
infusion of mannitol 0.5 g kg’ and dopamine 3 pg kg" 
min”. 
He subsequently required seven additional opera- 
tions for debridement of wounds and change of 
dressings during the next 3 weeks. The ankles were 
splinted to minimize the equinus deformity. The final 
procedure involved application of split skin grafts to 
close the wounds. 

The abdominal procedure was successful. The 
patient was discharged 3 months after admission 
with bilateral foot drop. He could walk short 
distances with the aid of crutches and ankle supports, 
after intensive physiotherapy. Despite early diagnosis, 
the development of compartment syndrome in this 
patient resulted in significant long-term handicap. 


Discussion 

Compartment syndrome is defined as a symptom 
complex that is caused by increased pressure of tissue 
fluid in a closed osseofascial compartment of the 
limb and this interferes with circulation to the 
myoneural components of the compartment‘. It was 
first described as a complication of the lithotomy 
position in a healthy 38-yr old man after urethro- 
plasty lasting 6.5 b’. 

Prolonged lithotomy position may predispose the 
patient to compartment syndrome in several ways. 
Leg perfusion may be decreased by elevation of the 
limb above the heart, excessive local pressure from 
improper placement of the legs in holders, external 
pressure from equipment or personnel, or excessive 
dorsiflexion of the foot. Other intraoperative factors 
may include hypotension, hypovolaemia, compres- 
sion of the pelvic blood vessels in association with 
surgery and hypothermia with vasoconstriction. 
Initial hypotension on lowering the legs at the end of 
the procedure may compound the problem. Pre- 
existing arterial disease may further reduce periph- 
eral perfusion. 

Ischaemia results in tissue membrane damage and 
leads to “leakage” of fluid through capillary and 
muscle membranes. With arterial reperfusion, the 
damaged membranes continue to leak and aggravate 
oedema formation and thus increase the pressure in 
the closed osseofascial compartment. 

It has been shown that at rest the pressure within 
the calf compartments is normally less than 20 mm 
He’. Pressures as high as 50-55 mm Hg for 4-8 h 
have been cited to result uniformly in compartment 


syndrome’. The patient’s baseline arterial pressure 
must be taken into account. For example, a patient 
with ankle systolic pressure of 100 mm Hg requires 
greater occlusion pressures and a longer exposure to 
these than a patient with peripheral vascular disease 
with an ankle systolic pressure of 40 mm Hg. 

It is important to identify patients at risk of devel- 
oping compartment syndrome. Patients in the 
lithotomy position for more than 5 h are at risk’. 
Although the lithotomy position is useful, patients 
should remain in this position no longer than is nec- 
essary. 

During a staged operation, repositioning patients 
during the procedure so that they are in the 
lithotomy position only when necessary for surgical 
access should reduce the risk’. Care should be taken 
to ensure correct padding of the extremities. While 
elevation of the legs above heart level is unavoidable, 
direct pressure on calf muscles is preventable by 
using stirrups of the conventional Allen type, where 
the feet are supported but no pressure is exerted on 
the muscles of the posterior compartment. In the 
Lloyd-Davies leg supports, the lower legs rest in cra- 
dles, which increase the pressure in the calf muscles. 

Irreversible muscle damage is likely to occur with 
occlusion times greater than 6 h’. In those cases in 
whom prolonged use of the lithotomy position is 
unavoidable, clinical vigilance is necessary. 

Some workers have recommended pulse oximetry 
of the toes as a monitor of adequate lower limb per- 
fusion during the lithotomy position'*. Others found 
that the presence of an oximeter signal and a normal 
saturation reading did not necessarily imply ad- 
equacy of tissue perfusion’. In the absence of arterial 
trauma, peripheral pulses are usually present in the 
compartment syndromes. Pulse oximetry does not 
appear to be a reliable aid in the diagnosis or 
monitoring of impaired perfusion caused by in- 
creased intra~-compartment pressure”, 

Because compartment syndrome is a reperfusion 
injury, signs and symptoms may not be immediately 
apparent and may develop insidiously. It develops 
during the postoperative period where the level of 
clinical observation may be less intense if the patient 
is not being nursed in a high dependency area. 
Residual lower extremity sensory block produced by 
intraoperative regional block with local anaesthetic 
may interfere with the early detection of subtle 
sensory changes. In our patient, and in other 
reported cases‘*", effective extradural block did not 
mask the pain of compartment syndrome. 

Urine should be checked for the presence of 
myoglobin. Serum creatine kinase is increased. The 
diagnosis of compartment syndrome is essentially 
clinical. There should be a high index of suspicion in 
patients at risk. The diagnosis can be confirmed by 
direct measurement of compartment pressure”. It is 
a simple, although invasive, procedure and therefore 
there is a risk of introducing infection. The differen- 
tial diagnoses include deep venous thrombosis and 
peripheral nerve injury. 

The definitive treatment of compartment syn- 
drome is surgical decompression. In our patient, the 
diagnosis was made early, within 15 h, despite effec- 
tive extradural analgesia. The fasciotomies must be 
of sufficient length in all compartments at risk to 
decompress effectively, and this should be confirmed 
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by direct compartment pressure monitoring. Devel- 
opment of motor neurone signs and loss of pulses are 
late signs and indicate that irreversible damage has 
already occurred. 

The end result of untreated or inadequately treated 
compartment syndrome is rhabdomyolysis which has 
been defined as reversible or irreversible injury of 
skeletal muscle which alters the integrity of the cell 
membrane sufficiently to allow escape of cell 
contents into the extracellular fluid”. The association 
between rhabdomyolysis, myoglobin and acute renal 
failure was first described during the World War I in 
patients who had sustained severe muscle injury”. 
Numerous non-traumatic causes of rhabdomyolysis 
have been described of which compression, alcohol 
abuse and generalized convulsions are the most com- 
mon aetiologies” ”. 

Myoglobin is similar in structure to haemoglobin, 
but smaller and more easily filtered in the kidney. It 
gives urine a classic red/brown colour. The amount 
of myoglobinuria does not correlate with the degree 
of underlying tissue injury'*”*. 

The cause of acute renal failure after rhabdomyo- 
lysis is multifactorial”. It includes intratubular plug- 
ging with myoglobin and urate (see below), nephro- 
toxicity of iron from haem”” which catalyses the 
formation of oxygen-free radicals and inactivation of 
the intra-renal nitric oxide vasodilatory influence” 7”, 
possible associated hypovolaemic or septic shock, 
hyperphosphataemia and possible tubular blockage 
from microthrombi secondary to associated dissemi- 
nated intravascular coagulation. 

The biochemical features characteristic of myo- 
globinuric acute renal failure include hyperphospha- 
taemia, marked hyperuricaemia and severe hypocal- 
caemia, in addition to increased urea and creatinine 
concentrations, hyperkalaemia and metabolic acido- 
sis. Hyperuricaemia may be caused by increased pro- 
duction of uric acid in the liver, secondary to 
increased liberation of adenine nucleotides by 
damaged muscle”. Severe hypocalcaemia may be 
caused by a combination of marked hyperphospha- 
taemia and skeletal resistance to the calcaemic effect 
of parathormone in patients with acute renal failure”. 
A transient hypercalcaemia is sometimes seen during 
the diuretic phase of myoglobinuric acute renal 
failure. It has been postulated that this phenomenon 
could be attributed to a transient secondary increase 
in parathormone, immobilization or remobilization 
of calcium previously deposited in the damaged 
muscle”, 

The treatment and prophylaxis of renal failure 
associated with rhabdomyolysis should commence 
with cardiovascular resuscitation, where applicable, 
with aggressive prompt fluid therapy to encourage 
urine flow. Thereafter, forced alkaline diuresis is ben- 
eficial”*’. Better suggests a regimen of 12 litre per 
day of a solution containing sodium 110 mmol 
litre’, chloride 70 mmol litre’, bicarbonate 40 mmol 
litre’ and mannitol 10 gl’ in 10% glucose”. The 
end-point is to produce diuresis in excess of 8 litre 
per day, maintaining pH 26.5. The fluid regimen 
should be continued until myoglobinuria ceases. 
Bicarbonate can be discontinued at 36 h. Acetazola- 
mide can be given if arterial pH is 27.45. 

Urate and myoglobin are more soluble in alkaline 
urine. The renal protective effect of alkalinizing the 
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urine has been demonstrated in animals injected with 
myoglobin*®™. Mannitol also has a beneficial action 
in the prophylaxis of rhabdomyolysis acute renal fail- 
ure. The beneficial extra-renal effects include in- 
creasing mean arterial pressure”, increasing cardiac 
contractility’ ” and decreasing skeletal muscle 
oedema, hence decompression of muscle tampon- 
ade”. The beneficial direct renal effects include a 
decrease in blood viscosity and oncotic pressure 
across the glomerulus causing an increase in 
glomerular filtration rate (GFR), dilatation of 
glomerular capillaries and stimulation of vasodilatory 
prostaglandin release, increase in proximal intra- 
tubular flow and hence reduction of obstruction, and 
possible reduction of tubular cell swelling in addition 
to free radical scavenging” ”. 
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Extradural anaesthesia for Caesarean section in a patient with 


moyamoya disease 
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Summary 

We report a case of moyamoya disease in a 
patient presenting for Caesarean section at 37 
weeks’ gestation. Extradural anaesthesia was 
administered using 0.5% bupivacaine and pethi- 
dine 25 mg. A stable haemodynamic state was 
produced using left lateral uterine displacement, 
i.v. crystalloids and an i.v. infusion of ephedrine. 
The patient suffered no neurological deficit and 
there was no significant intraoperative decrease 
in cerebral oxygenation measured by near infra- 
red spectroscopy. (Br. J. Anaesth. 1996;77:550- 
552) 
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Moyamoya disease is a rare occlusive disease of the 
large intracranial arteries. Patients are at risk of 
cerebral ischaemia and haemorrhage, and 
neurological deterioration may occur during preg- 
nancy. Delivery by Caesarean section has been 
recommended but the optimal anaesthetic technique 
is not known and monitoring of cerebral perfusion or 
oxygenation during anaesthesia has not been de- 
scribed. We report the use of extradural anaesthesia 
in a term parturient with moyamoya disease, with 
continuous monitoring of cerebral oxygenation by 
near infrared spectroscopy. 


Case report 
The patient, a 36-yr-old, para-1, gravida-4 woman, 
was admitted at 28 weeks’ gestation for observation 
with a plan for elective Caesarean delivery at 37 
weeks’ gestation. She had been diagnosed angio- 
graphically to have moyamoya disease 4 yr previously 
after a spontaneous left temporal intracerebral 
haematoma. Treatment had been conservative and 
she had made a good recovery with a residual right 
visual field defect but no other neurological deficit. 
She had had one normal delivery 13 yr previously. 
On this admission, there were no abnormal 
neurological findings other than the visual field 
defect. Arterial pressure was in the range 100—-120/ 
60-80 mm Hg. We planned extradural anaesthesia 
with invasive haemodynamic monitoring and con- 
tinuous measurement of cerebral oxygenation by 
near infrared spectroscopy (NIRS). 

The patient remained well for the remainder of the 
pregnancy, but went into spontaneous labour 4 days 


before the date of planned surgery and was 
scheduled to the emergency operating list. She was 
premedicated with ranitidine 50 mg i.v. and 0.3 mol 
litre’ sodium citrate 30 ml orally. On arrival in the 
labour ward, her cervix was 5 cm dilated and 
pethidine 100 mg i.m. was given for analgesia by the 
obstetric team. Standard monitoring was applied and 
35% oxygen was given by face mask. A radial artery 
cannula and central venous catheter (via the antecu- 
bital fossa) were inserted. Intrathoracic placement of 
the central venous catheter was confirmed by obser- 
vation of fluctuations in central venous pressure with 
respiration. Bifrontal regional cerebral oxygen satu- 
ration was measured continuously by NIRS using the 
Invos 3100 (Somanetics Corp., Troy, MI, USA) and 
NIRO 500 (Hamamatsu Photonics KK, Hamamatsu 
City, Japan) (fig. 1). Unfortunately, because the time 
of operation out of normal hours, there was a delay in 
preparing the equipment and recordings could only 
be started after commencement of anaesthesia. 
After i.v. preload with lactated Ringer’s solution 
1000 ml, an extradural catheter was placed in the 
L2-3 interspace with the patient in the lateral 
position. She was then turned supine with left lateral 
tilt. Incremental injections of 3 ml of 0.5% 
bupivacaine (plain) were given at 4—5-min intervals, 
followed by pethidine 25 mg via the extradural cath- 
eter. I.v. infusion of ephedrine 100-500 ug min’ was 
titrated throughout the anaesthetic to maintain arte- 
rial pressure as near as possible to preoperative 
values. After 27 ml of bupivacaine, the level of 
sensory analgesia to pinprick was T6 and surgery was 
started. A healthy 2.61-kg male infant was delivered 
with Apgar scores of 9 (1 min) and 10 (5 min). Arte- 
rial umbilical cord blood gas tensions were pH 7.294, 
Pco, 6.6 kPa and Po, 1.6 kPa, and venous umbilical 
cord blood gas tensions were pH 7.297, Pco, 6.6 kPa 
and Po, 1.8 kPa. Oxytocin 10 u. was given i.v. over 15 
min after delivery. Blood loss was approximately 300 
mil. A total of 1500 ml of lactated Ringer’s solution 
was given in the perioperative period. To maintain 
normothermia, all i.v. fluids were warmed, the oper- 
ating theatre temperature was increased to 22 °C and 
the patient’s upper body was covered with blankets. 
Continuous temperature monitoring was not avail- 
able because of technical problems, but the patient’s 
sublingual temperature measured by mercury ther- 
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Figure 1 Invos 3100 and NIRO 500 near infrared cerebral oximeters in place on a model. 


mometer at the end of the procedure was 36.7 °C. 
Verbal contact was maintained throughout and bilat- 
eral hand grip was checked intermittently. The intra- 
operative record of arterial pressure, heart rate and 
cerebral oxygenation is shown in fig. 2. Slight 
decreases in arterial pressure occurred after estab- 
lishment of extradural block and after delivery, the 
latter episode coinciding with administration of oxy- 
tocin, but this was not associated with changes in 
mental state or hand grip and no significant concur- 
rent change in cerebral oxygenation was detected by 
either spectrometer. A slight increase in deoxyhae- 
moglobin concentration occurred shortly after skin 
incision which was matched by an increase in total 
haemoglobin concentration and no change in cyto- 
chrome oxidase redox state. 

After operation, the patient was observed in the 
high dependency area of the labour ward for 24 h 
where oxygen, pulse oximetry and direct arterial 
pressure and ECG monitoring were continued. 
Analgesia was provided by patient-controlled extra- 
dural analgesia using pethidine 10 mg ml" (bolus 20 
mg, lockout 10 min). Subsequent progress was 
uneventful with no new neurological signs and no 
respiratory depression. The patient was discharged 4 
days after delivery. 


Discussion 


Moyamoya disease is a rare disease named after the 
Japanese word describing the characteristic “puff of 
smoke” appearance that is seen on cerebral angiogra- 
phy. It has most often been reported in the Japanese, 
is more common in children and females and there 
may be a familial predisposition’. 

Elective Caesarean section has been recommended 
for the pregnant patient with moyamoya disease to 
avoid possible deleterious effects of pain, hyperventi- 
lation and bearing-down during labour’. Although 
the principles of anaesthesia in moyamoya disease 
have been described previously’, the optimal tech- 
nique during pregnancy is unknown. General anaes- 
thesia has been used’ and has the potential 
advantages of decreasing the cerebral metabolic rate 
for oxygen which may confer some protection against 


ischaemia‘*. However, there are risks of difficult 
tracheal intubation, aspiration of stomach contents 
and neonatal depression. The hypertensive response 
to intubation may precipitate intracerebral haemor- 
rhage and although this response may be obtunded 
by the use of adjuvant drugs such as vasodilators, 
sympathomimetic antagonists and rapidly acting 
opioids, care must be taken to avoid hypotension and 
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Figure2 Intraoperative recordings of mean arterial pressure 
(MAP) (O) and heart rate (HR) (#) (top), regional cerebral 
haemoglobin (Hb) saturation measured by the Invos 3100 
(middle) and changes in oxyhaemoglobin (A), total haemoglobin 
(@), deoxyhaemoglobin (A) and cytochrome oxidase redox state 
(O) measured by the NIRO 500 (bottom). 
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consequent cerebral ischaemia. Hypocapnia may 
cause neurological deficit” so use of capnography 
during controlled ventilation is mandatory. Regional 
anaesthesia avoids these risks but the associated sym- 
pathetic block may lower cerebral perfusion pressure 
causing ischaemia distal to the stenotic vessels. 
Spinal anaesthesia was associated with convulsions 
and hemiparesis in a child’. Sharma and colleagues’ 
used extradural anaesthesia for Caesarean section in 
a parturient at 31 weeks’ gestation and reported 
advantages that included continuous monitoring of 
conscious level and cerebral function in an awake 
patient. They emphasized the need to avoid hypoten- 
sion but relied solely on crystalloid preload and uter- 
ine displacement to negate the effects of sympathetic 
block and did not provide details of haemodynamic 
changes. Because the parturient at term is particu- 
larly susceptible to hypotension during extradural 
anaesthesia® more active management may be neces- 
sary to maintain cerebral perfusion. However, large 
upward swings in arterial pressure should also be 
avoided because of the potential for intracerebral 
haemorrhage. In our patient we found, using an infu- 
sion of ephedrine in addition to fluids and lateral tilt, 
arterial pressure was well maintained without 
marked fluctuations. 

The absence of signs of cerebral insufficiency in 
our awake patient in the intraoperative period and 
the absence of a neurological deficit after operation 
make it unlikely that significant cerebral ischaemia 
occurred. However, in the presence of extradural 
block, signs of transient ischaemia in the anterior 
cerebral territory may be masked. Anterior cerebral 
artery occlusion, in the absence of the inconstant 
recurrent artery of Heubner, leads to flaccid paralysis 
and cortical sensory loss in the legs, incontinence of 
urine, and intellectual and memory deficit’. How- 
ever, the level of block required for Caesarean section 
precludes assessment of neurological function of the 
legs and bladder. Therefore, we used NIRS to 
confirm adequacy of oxygenation in the anterior cer- 
ebral artery territory. 

NIRS uses spectral analysis of reflected infrared 
light to measure cerebral oxygenation”. It has been 
used to assess cerebral haemoglobin oxygen satura- 
tion in both adults’ and neonates”, and has been 
described as a monitor of cerebral oxygenation 
during carotid endarterectomy”. The Invos 3100 
gives an absolute value of regional haemoglobin 
saturation while the NIRO 500 displays changes in 
regional oxyhaemoglobin, deoxyhaemoglobin, total 
haemoglobin and cytochrome oxidase redox state. 
Both monitors are simply and non-invasively applied 
using probes attached to the patient’s forehead. As 
the maximal distance that can be penetrated by 
infrared spectrometers is approximately 8 cm“, the 
regions of the brain monitored in our patient would 
have been predominantly within the territory of the 
anterior cerebral arteries. Although there was a slight 
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increase in deoxyhaemoglobin concentration after 
skin incision, the concurrent increase in total haemo- - 
globin concentration suggests that any decrease in 
cerebral oxygenation was likely to be minimal and 
the absence of a change in cytochrome oxidase redox 
state shows this did not lead to a change in oxygen 
delivery at a cellular level. 

A disadvantage of using near infrared spectroscopy 
in emergency surgery is the time required to prepare 
the equipment: approximately 30 min was required 
for the lasers of the NIRO 500 to warm up to operat- 
ing temperature which precluded measurement of 
cerebral oxygenation before the start of anaesthesia. 
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Unrecognized “crack” cocaine abuse in pregnancy 


D. CAMPBELL, M. J. A. PARR AND L. E. SHUTT 


Summary 

We report a case of “crack” cocaine abuse in a 
pregnant patient associated with haematuria, 
proteinuria, haemolytic anaemia, renal impair- 
ment, thrombocytopenia and pulmonary 
oedema. The case illustrates the problems for 
clinicians where unrecognized cocaine abuse 
interferes with the diagnosis and management 
of a complicated pregnancy. In addition, we dis- 
cuss the principles for the safe conduct of anaes- 
thesia in the pregnant cocaine abuser. (Br. J. 
Anaesth. 1996;77:553-555) 


Key words 
Anaesthesia, obstetric. Complications, cocaine abuse. Preg- 
nancy. 


“Crack” cocaine abuse in pregnancy is well recog- 
nized in the USA. In the UK the level of awareness to 
this increasingly common problem needs to be 
improved’. This case illustrates the difficulties in dif- 
ferentiating the effects of cocaine abuse from the 
more usual complications of pregnancy. Cocaine has 
complex effects on many systems. It was not 
apparent until post-partum that the patient contin- 
ued to abuse crack cocaine even while an inpatient. 
In retrospect the relationship between drug abuse 
and the course of her illness became clear. 

Crack cocaine abuse increases maternal morbidity, 
fetal morbidity and death**. It is likely that maternal 
crack cocaine abuse will be an increasing problem in 
the UK and at present the clinical effects may not be 
fully recognized. 


Case report 
A 32-yr old, gravida 5, para 3, Afro-Caribbean 
woman presented to her general practitioner for 
antenatal assessment at 10 weeks’ gestation. Her 
haemoglobin concentration was 10.1 g dl’ and the 
blood film showed macrocytosis. Cervical and high 
vaginal swabs were infected with Gonococcus and Tn- 
chomonas. Her infection was treated and she attended 
again at 19 weeks’ gestation when urinalysis showed 
moderate haematuria and mild proteinuria. Arterial 
pressure was 120/70 mm Hg. 

She did not attend again until 31 weeks’ gestation 
when she complained of fatigue and dyspnoea on 
exercise. On physical examination her conjunctivae 


were pale, arterial pressure was 125/70 mm Hg and 
she had bilateral pitting oedema of the ankles. 
Cardiovascular and respiratory system examinations 
were otherwise unremarkable. Abdominal examin- 
ation was consistent with a 3l-week pregnancy with 
normal fetal heart sounds and movements. Urinalysis 
showed excessive blood and moderate protein. The 
full blood count result a week later showed 
haemoglobin 6.8 g dl’, mean cell volume 110 fl and 
platelets 63x10° litre’, and therefore hospital admis- 
sion was arranged. 

In hospital, physical examination revealed an 
apical ejection systolic murmur. Deep tendon 
reflexes were normal. Her blood film showed a 
reticulocyte count of 4.9%. Serum creatinine con- 
centration was 99 mmol litre’, which is high for a 
pregnant patient. Urea and electrolyte concentra- 
tions, liver function tests, uric acid and clotting 
screen were within normal limits. Autoimmune pro- 
file, lupus and platelet antibodies and haemosiderin 
were within normal limits but haptoglobin concen- 
trations were low at 0.2 g litre’. The 24-h urine 
volume was 2125 ml and protein 1.32 g litre’. 
Creatinine clearance was impaired at 90 ml min’. 
Free haemoglobin concentration was detected in 
urine. She was treated with folic acid 10 mg orally 
twice daily and transfused with 2 u. of packed red 
blood cells. 

A bone marrow aspirate was performed and 
showed some megakaryocytes and a microangio- 
pathic picture. Later the same day she became hyper- 
tensive with an arterial pressure of 145/95 mm Hg 
which decreased with bed rest alone. The patient 
admitted also to a history of smoking crack cocaine 
for the past year. At this stage the differential 
diagnoses being considered were pre-eclampsia, hae- 
matological illness related to renal disease or 
pregnancy, such as haemolytic-uraemic syndrome, 
or renal disease, probably secondary to drug abuse. 

Additional blood transfusions were given over the 
next 2 days; haemoglobin concentration was then 9.3 
g dl". On day 4 of admission she left the ward for the 
afternoon and on her return she had a dry cough, 
left-sided pleuritic chest pain, shivering, temperature 
of 37.5 °C, heart rate 110 beat min”, arterial pressure 
140/80 mm Hg, ventilatory frequency 34 bpm and 
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crackles on auscultation of the chest. Blood cultures 
were obtained, oxygen was given by face mask and 
antibiotic therapy with Augmentin was started. The 
next morning the patient had another episode of 
breathlessness thought to be caused by fluid 
overload. ECG was normal but a chest x-ray showed 
cardiomegaly and pulmonary oedema. Frusemide 
20 mg i.v. produced improvement. However, an 
echocardiogram showed tachycardia, hyperdynamic 
left ventricle, ejection fraction of 62%, small pericar- 
dial effusion and mild tricuspid regurgitation. 

There was an additional episode of breathlessness 
the next morning and a decision to expedite delivery 
was made. It was felt that she would not tolerate 
vaginal delivery and a Caesarean section was 
planned. The preoperative anaesthetic assessment 
noted the history of crack cocaine abuse, hepatitis B 
positive, high risk for HIV infection and the need for 
appropriate precautions. Despite the uncertainty of 
the diagnosis there was some comfort in the patient 
having a normal arterial pressure, no clinical 
evidence of heart failure, haemoglobin 9.7 g dI”, and 
normal urea and creatinine concentrations, and clot- 
ting screen. As the platelet count was 60x10? litre", 
arrangements were made for a platelet transfusion of 
12 u. before surgery. 

The patient was premedicated with ranitidine 50 
mg i.v. and sodium citrate 0.3 mol litre’ (0 ml) 
orally before induction of anaesthesia. After local 
anaesthesia of the skin, cannulae were inserted via 
the right brachial artery and right internal jugular 
vein for monitoring of arterial pressure and central 
venous pressure. Her lungs were preoxygenated for 5 
min and this was followed by rapid sequence i.v. 
induction with etomidate 20 mg, suxamethonium 
100 mg and alfentanil 1 mg, and application of 
cricoid pressure. Anaesthesia was maintained with 
1% isoflurane and 50% nitrous oxide in oxygen. 
Fourteen minutes later a live male neonate, weighing 
2.07 kg with Apgar scores of 6 and 8, was delivered. 
Synthetic oxytocin (Syntocinon) 7.5 u., fentanyl 100 
pg, vecuronium 6 mg and Augmentin 1.2 g were 
given i.v. The patient remained haemodynamically 
stable throughout and her trachea was extubated at 
the end of the procedure. The patient was monitored 
for a further 24 h in the intensive care unit. Pain was 
managed by intermittent i.v. boluses of morphine for 
24 h and oral analgesia thereafter. The only problem 
was some oozing from the abdominal wound. 

After operation a more discerning drug history was 
obtained. The patient had been smoking crack 
cocaine on hospital premises immediately before 
each episode of dyspnoea and this was thought to 
precipitate the presumed episodes of acute pulmo- 
nary oedema. Urine toxicology confirmed the 
presence of cocaine metabolites in urine. 

The patient was discharged home 9 days after 
operation. A renal biopsy before discharge showed 
glomerular immune complex deposits (M dominant) 
on immunohistology and evidence of intra- 
glomerular intravascular coagulation with some 
features of haemolytic-uraemic syndrome on elec- 
tron microscopy. These findings are consistent with 
the mixed renal disease found in drug abuse. 
Additional blood investigations showed a haemo- 
globin concentration of 9.8 g dl”, platelets 120x10° 
litre’ and serum creatinine concentration 130 mmol 
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litre’. Follow-up of her suspected drug-induced 
haemolytic-uraemic syndrome by a renal physician 
was planned. 


Discussion 


Cocaine is an alkaloid derived from the shrub Eryth- 
roxylon coca and is available as a hydrochloride or free 
base crack cocaine. Cocaine hydrochloride is usually 
“snorted” achieving peak plasma concentrations in 
less than 15 min. Crack cocaine is smoked and pro- 
duces euphoria in less than 1 min with a duration of 
only 5-10 min’®. 

The effect of cocaine as a local anaesthetic is a 
result of its action on sodium channels preventing 
nerve depolarization. The systemic effects of cocaine 
are caused by block of reuptake of noradrenaline and 
dopamine from synapses in the central and sympa- 
thetic nervous systems thereby potentiating the 
effects of these neurotransmitters. The euphoric 
effect of cocaine is caused by excess neurotransmit- 
ters at the synapses of the limbic system. Sympathetic 
nervous system effects include vasoconstriction, 
tachycardia, hypertension and arrhythmias. Chronic 
abuse causes tachyphylaxis resulting from depletion 
of presynaptic neurotransmitters’*. 

Our patient had features in common with other 
reports’, including a poor socioeconomic back- 
ground and infrequent attendance for antenatal care. 
The paroxysmal dyspnoea was related to pulmonary 
oedema associated with acute intoxication after 
smoking crack cocaine. This has been described pre- 
viously’ in the non-obstetric population and may 
reflect transient left ventricular dysfunction or a 
direct pulmonary microcirculatory effect. 

Cocaine abuse can be confused with pre- 
eclampsia” in its presentation. In this case hyperten- 
sion was not a prominent feature although the 
patient did have proteinuria, ankle oedema and 
thrombocytopenia. Haemolysis has been reported 
rarely and only as haemolytic-uraemic syndrome 
associated with cocaine abuse’. Thrombocytopenia 
is well described”. Many cardiovascular complica- 
tions are reported‘ but we can find no evidence of 
pericardial effusion associated with cocaine abuse. 

The routine questioning of patients about recrea- 
tional drug use should become standard in our 
preoperative assessment. Where cocaine is impli- 
cated, non-emergency surgery should be delayed 
until signs of acute cocaine intoxication have 
disappeared. This may not be possible in obstetric 
patients where acute cocaine intoxication may cause 
fetal distress or placental abruption’*. Propranolol 
has been used for the control of acute hypertension 
in cocaine intoxication but may increase hyperten- 
sion and coronary vasoconstriction because of unop- 
posed æ adrenoceptor stimulation”. For this reason 
labetalol“, which antagonizes a and ßĝ adrenergic 
receptors, and esmolol”, the short-acting 8, selective 
antagonist, may be more appropriate agents to use. 
Hydralazine controls hypertension but does not 
restore uterine blood flow". Arrhythmias are best 
treated with the P adrenoceptor antagonists labetalol 
or esmolol. Cocaine lowers the seizure threshold and 
therefore lignocaine is contraindicated. Nifedipine 
has been shown to be protective for cardiovascular 
side effects in animal models of cocaine toxicity only 
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if given before cocaine”. Calcium antagonists have 
also been associated with increased mortality during 
cocaine intoxication in animals but there is no 
evidence in humans”. Diazepam is the drug of choice 
for controlling seizures in acute cocaine intoxication 
but barbiturates may be necessary”. Other systemic 
complications of acute cocaine intoxication are best 
managed by waiting for the acute cocaine intoxica- 
tion to wear off. 

Regional anaesthesia is possible in cocaine abusing 
obstetric patients but is associated with several 
pitfalls. Regional anaesthesia requires a relaxed 
cooperative patient which may not be the case in 
acute intoxication. The cocaine abusing patient may 
suffer vasoconstriction and have a reduced circulat- 
ing blood volume which would make extradural 
anaesthesia preferable to spinal anaesthesia. The 
interaction of cocaine with other local anaesthetics 
makes the calculation of a safe maximum dose diffi- 
cult. Thrombocytopenia is common in the chronic 
cocaine abusing patient” and may be a contraindica- 
tion to regional anaesthesia. 

Where it is not possible to delay surgery in the 
acutely cocaine intoxicated patient, selected bal- 
anced general anaesthesia seems to be without risk. 
No specific induction agent is recommended but 
thiopentone and etomidate have been suggested as 
suitable for induction of anaesthesia’. Ketamine 
increases the risk of cocaine-associated arrhyth- 
mias”. Alfentanil has been used to prevent the hyper- 
tensive response to laryngoscopy and intubation in 
patients undergoing general anaesthesia for Caesar- 
ean section”. For hypertensive disorders of preg- 
nancy, many agents have been used to attenuate the 
cardiovascular response to laryngoscopy, including 
labetolol, alfentanil and fentanyl”. These agents 
appear to be safe in the context of acute cocaine 
intoxication. 

Halothane increases the chance of arrhythmias 
with cocaine”. Isoflurane anaesthesia preserved 
blood flow to most major organs but also increased 
the incidence of arrhythmias in a swine model of 
acute cocaine toxicity”. It is theoretically possible 
that indirectly acting vasoconstrictors such as ephe- 
drine may be less effective in chronic cocaine abusers 
because of neurotransmitter depletion from nerve 
terminals’. More dangerous is the interaction be- 
tween cocaine and direct-acting sympathomimetics 
causing tachycardia, hypertension, left ventricular 
failure and pulmonary oedema” *, 

In conclusion, we have reported a case in which 
crack cocaine abuse was associated with major com- 
plications during pregnancy. In the light of evidence 
of increasing drug abuse, we encourage anaesthetists 
to be aware of the pathophysiological effects of acute 
cocaine intoxication and the multiple organ involve- 
ment observed in chronic abuse. 
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Heparinase-guided thrombelastography in an anticoagulated 


parturient 


D. C. ABRAMSON, E. I. ABOULEISH, E. G. PIVALIZZA, S. L. LUEHR, T. MYERS AND M. D. 


PHILLIPS 


Summary 

We describe the use of heparinase-guided 
thrombelastography in the assessment of a par- 
turient who had been anticoagulated with 
heparin for suspected thromboembolic disease. 
Reversal of the heparin effect in the heparinase- 
treated sample facilitated administration of 
protamine and successful subarachnoid analge- 
sia for delivery. (Br. J. Anaesth. 1996;77:556-558) 


Key words 


Anaesthetic techniques, subarachnoid. Blood, anticoagu- 
lants, heparin. Measurement techniques, thrombelastogra- 
phy. 


Case report 


A 35-yr-old gravid 1 para 0 presented at 29 weeks’ 
gestation with right upper extremity weakness, 
scintillating scotomata of her right visual fields and 
drooping of her left facial muscles. She had a signifi- 
cant smoking history and family history of paternal 
cerebrovascular accident (CVA) at 27 yr of age, 
followed by three further CVA and death from myo- 
cardial infarction at 46 yr. Her sister, 32 yr, had 
recently had a CVA with documentation of an abnor- 
mal mitral valve. 

Magnetic resonance imaging (MRI) revealed an 
ischaemic injury in the distribution of the right 
middle cerebral artery without evidence of cortical 
venous or sinus thrombosis. Prothrombin time (PT) 
was 12.4 s (normal 10.5-13 s) and accelerated 
partial thromboplastin time (aPTT) was 29.9 s (nor- 
mal 25-34 s). Heparin 1500 u. h` was started i.v. and 
her aPTT was 70 s before transfer to our hospital. 

‘On admission, the fetus was active and the patient 
was not in labour. History and examination were 
otherwise unremarkable. Transoesophageal echocar- 
diography (TEE), performed to elucidate a possible 
thromboembolic source, demonstrated an 8-mm 
mobile mass on both mitral valve leaflets. Magnetic 
resonance angiography (MRA) revealed right middle 
cerebral artery occlusion suggestive of embolic 
origin. 

Carotid arteriogram, 24-h Holter monitoring and 
lower extremity Doppler examination for venous 
thrombosis were negative. Serial blood cultures were 
negative for infection, as were tests for connective 
tissue disorders and homocysteinuria. Although 
protein C concentrations were normal, functional 
protein S was reduced at <10% (normal 65-140%), 
but total and free protein S fractions were normal. 


The test for functional protein S was repeated and a 
more appropriate result of 116% was obtained. Acti- 
vated protein C resistance testing was negative. 
Serum cholesterol concentration was marginally 
increased and triglycerides were twice normal. 
Haematological variables, including antithrombin MI 
and p-dimers, were normal. 

As the patient had no biochemically definable 
coagulopathy present, a presumptive diagnosis of 
familial valvulopathy was made. Heparin was infused 
i.v. for 5 days to maintain an aPTT of 50-80 s, 
followed by heparin 2000 u. h” s.c. which was 
continued for the duration of her confinement. 

The patient was readmitted 3 months later, at 39 
weeks’ gestation, for planned induction of labour. 
Repeat echocardiography revealed no masses on her 
mitral valve. Her aPTT on admission was >100 s. 
Heparin was discontinued 8 h before the intended 
placement of an extradural catheter for analgesia 
during labour. Nine hours later prothrombin time 
(PT) was 13.0 s (normal 11.1—-13.1 s), packed cell 
volume 33.6% and platelet count 154 000 ml" (nor- 
mal 133 000-333 000 mil"). However, aPTT was 
prolonged at 84.5 s (normal 25-34 s). Thrombelas- 
tography (TEG) with native blood (fig. la) con- 
firmed a heparin-like effect, evidenced as a pro- 
longed r (reaction) time, prolonged k time and 
decreased angle (suggesting poor clot formation), 
and a narrow maximum amplitude (MA), implying 
poor platelet function. Simultaneously, a TEG was 
performed on a heparinase-treated sample (fig. 18), 
which revealed a normal trace. 

The demonstrated heparin effect was then re- 
versed in vivo with protamine 50 mg, given slowly i.v. 
The repeat TEG trace after protamine was normal 
(fig. 2), although the aPTT remained prolonged at 
46.1s. 

As labour had begun with the fetus in the occipito- 
posterior position and considerable maternal dis- 
comfort, regional anaesthesia was considered desir- 
able. With TEG evidence of adequate coagulation, 
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Heparinase-guided thrombelastography 





B 
A 
10 mm 
scale 
SP (mm) r(mm) k(mm) MA (mm) Angle (°) 
g Pt 17.0 19.5 4.5 77.0 62.0 
NR: 39-40 0-13 48-60 29-43 
A Pt: 67. 124.0 58.5 (58.5) (9.5) 
NR: 0 39-40 0-13 48-60 29-43 


Figure 1 Thrombelastograph traces before administration of 
protamine for native whole blood (a) and native whole blood 
with heparinase (B). Pt=patient measurements, NR=normal 
range. SP=split point (mm)-——each mm represents 30 s. It is 
defined as the time from sample placement to first divergence of 
the trace; r (mm)=reaction time (time from sample insertion to 2 
mm separation of trace); k (mm)=time from 2 mm trace 
separation to 20 mm trace separation; MA (mm)=maximum 
amplitude, maximum width of the trace; Ang (°)=clot formation 
rate (angle formed by the upslope of the TEG tracing from the r 
value). 





SP (mm) r(mm) k(mm) MA (mm) Angle (°) 
Pt: 9.0 12.0 6.5 88.5 55.5 
NR: 39-40 0-13 48-60 29-43 


Figure 2. Thrombelastograph trace after administration of 
protamine. Abbreviations as in figure 1. 


sufentanil 10 pg and bupivacaine 2.5 mg were given 
into the subarachnoid space via a 27-gauge Whitacre 
needle by an experienced operator (E. A.) at the first 
attempt. Analgesia was effective, labour progressed 
rapidly, and a healthy 3.8-kg female was delivered 
with low forceps 1 h after intrathecal drug adminis- 
tration. 

Post-partum TEG (1 h after delivery) showed no 
evidence of coagulopathy, heparin therapy was 
recommenced, and mother and child were dis- 
charged 3 days later with planned haematology 
follow-up for management of maternal warfarin. 


Discussion 


This report describes several issues in the preopera- 
tive haematological management and assessment of 
obstetric patients for regional anaesthesia. 

Heparin is the currently favoured agent for anti- 
coagulation in the parturient’. This patient with sus- 
pected thromboembolic disease required substantial 
doses (2000 u. h s.c.) for optimal effect, as 
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measured by aPTT. Although a lower dose of unfrac- 
tionated s.c. heparin has a half-life of 3—4 h’, the anti- 
coagulant response of heparin increases dispropor- 
tionately at increased doses’. In our patient, a 
minimum of 8 h was anticipated to allow for waning 
of the anticoagulant effect before proposed extra- 
dural catheter insertion. However, 9 h after discon- 
tinuation, the prolonged aPTT suggested a heparin 
effect. Monitoring of the clinical heparin effect using 
the activated clotting time may be unreliable (in the 
presence of low heparin doses)‘, and not 
representative of in vivo activity with plasma heparin 
concentrations. As heparinase-guided thrombelas- 
tography has been introduced into cardiac surgery’ 
and orthotopic liver transplantation, we used this 
method to assist clinical decision making in this 
patient. 

Thrombelastography is enjoying widespread use in 
obstetrics. While value ranges for healthy parturients 
have not corresponded, they have all tended towards 
hypercoagulability compared with healthy non- 
pregnant patients*’. Investigation continues into 
TEG changes during preeclampsia® and the HELLP 
syndrome, and the TEG is useful in the algorithm for 
the thrombocytopenic patient requiring assessment 
for extradural analgesia. The availability of hepari- 
nase, isolated from Flavobactertum heparinum’, fur- 
ther extends the usefulness of this test, as the enzyme 
degrades heparin and heparin-like linkages even in 
the presence of the large doses of heparin required 
for cardiopulmonary bypass’. 

The native TEG trace in this patient showed 
marked prolongation of the r and & times and a nar- 
row angle and MA, compatible with a heparin effect. 
Addition of heparinase to the sample restored the 
trace to that of the typical parturient. With this 
evidence of a heparin effect, systemic administration 
of protamine to the patient was followed by return to 
normal of the native trace. 

Although safe neuraxial access has been described 
in anticoagulated patients”, correction of the antico- 
agulation in this patient (in the presence of normal 
platelet number and function) significantly improved 
the risk—benefit ratio of regional analgesia. As labour 
was progressing adequately, it was felt that single- 
shot spinal analgesia would provide the necessary 
analgesia for completion of the second stage of 
labour without the risk of an indwelling extradural 
catheter. The addition of bupivacaine 2.5 mg to 
sufentanil 10 ug prolongs subarachnoid analgesia”. 
The normal TEG trace obtained with native blood 
1 h post-partum was further assurance that there was 
no significant (if any) release of heparin from the s.c. 
tissues after administration of protamine. 
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CORRESPONDENCE 


Failed tracheal intubation 


Sir,—I read with interest the article by Hawthorne and colleagues 
detailing failed intubations over 17 yr in a teaching maternity 
unit’, One result reported was that in only one of seven failed intu- 
bations for Caesarean section for fetal distress was neonatal 
outcome poor. In that instance it was thought that antepartum 
factors rather than the delay in delivery may have been 
responsible. Good neonatal outcome despite the considerable 
delays in delivery that would have occurred in these cases raises 
the question of the value, if any, of providing general, rather than 
regional, anaesthesia to expedite Caesarean section for fetal 
distress. 

As discussed by Hawthorne and colleagues, general anaesthesia 
is a potential cause of maternal morbidity and mortality*®. It also 
causes increased neonatal respiratory depression and the need for 
active resuscitation’. Regional anaesthesia may take longer to 
establish, but this delay does not necessarily cause neonatal mor- 
bidity even when the indication for surgery is fetal distress. A study 
of 212 emergency Caesarean sections by Quinn and Kilpatrick 
found that the use of a regional anaesthetic technique in cases 
classified as urgent did not influence the incidence of admission to 
the special care baby unit’. The authors concluded that while gen- 
eral anaesthesia was indicated for cord prolapse, severe sustained 
bradycardia and significant antepartum haemorrhage, its use for 
cardiotocograph diagnosed fetal distress can generally be avoided. 

General anaesthesia carries considerable risk for mother and 
baby. Obstetric anaesthetists need to be aware that its use for Cae- 
sarean section for fetal distress is often not justified. 

B. NORMAN 
Department of Anaesthesia 
Charing Cross Hospital 
London 
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Sir,—Dr Norman’s letter concerns itself with the choice of anaes- 
thetic technique for the compromised fetus and our audit dealt 
specifically with intubation during general anaesthesia. Our series 
of failed intubations spanned 17 yr, during which time techniques 
and attitudes have changed. Dr Norman touches on one point in a 
series of complex arguments, all of which are outside the remit of 
our audit. While we appreciate his interest and comments on our 
article, it would be inappropriate to comment further. 
L. HAWTHORNE 
R. Witson 
G. Lyons 
M. DRESNER 
Department of Anaesthesia 
St James’s University Hospital 
Leeds 


Sir,—I read with interest the review of the management of failed 
intubation in obstetric anaesthesia by Hawthorne and colleagues’. 
In their series of 23 failed intubations, manual ventilation of the 
lungs was difficult or impossible in 39% of patients while the air- 
way was maintained before patients regained spontaneous ventila- 
tion. Despite this, the authors advocate in their failed intubation 
drill that all patients should be managed in the left lateral, 
head-down position during this critical period. 


In my opinion there is no evidence to suggest that the traditional 
teaching of adopting the lateral position in such circumstances is 
better than leaving the patient in the supine position with left lat- 
eral tilt. Turning these patients who are often obese into the lateral 
position exposes them to a greater risk of failed ventilation and 
ineffective cricoid pressure. Unfamiliarity with the lateral position 
is compounded by the need for two-handed techniques both to 
maintain an adequate seal between face mask and patient and 
adequate cricoid pressure. A third pair of often unskilled hands 
then becomes necessary to squeeze the reservoir bag to provide 
ventilation. The reduced risks of aspiration of gastric contents 
because of preferential gravitational spill from the mouth of any 
regurgitated material instead of into the trachea is of little benefit 
if the risks of hypoxia and regurgitation are increased by such a 
manoeuvre. I believe the anaesthetist’s and anaesthetic assistant’s 
abilities to maintain an airway and prevent regurgitation are opti- 
mized by leaving these patients supine when a failed intubation 
drill is implemented. A trial of release of cricoid pressure may still 
necessitate a head-down tilt. In addition, the authors suggested 
reducing cricoid pressure earlier in their regimen to improve a 
grade 4 view at laryngoscopy with the patient still supine, and no 
advantage is gained by turning the patients at a later stage to repeat 
the manoeuvre. 

The second reason for leaving these patients supine is that the 
last recourse for managing the “failure to intubate, failure to ven- 
tilate” scenario is to perform a cricothyroidotomy, which I note 
was attempted in one case. The authors did not state if this was 
performed with the patient on their side, but I would suggest this 
is very difficult if not impossible to do in such circumstances. 

Finally, I would suggest that spinal anaesthesia is the only 
method of regional anaesthesia suitable in the subsequent 
management of such patients for Caesarean section. If an 
extradural or a combined spinal—extradural technique is used, as 
occurred in 43% and 13% of patients, respectively, in the reported 
series, there remains a risk of intrathecal or intravascular injection 
of a large quantity of local anaesthetic via the extradural catheter, 
despite an initial negative test dose. Failure to intubate the trachea 
if then required in such circumstances would no doubt be 
catastrophic and could be avoided by the use of a spinal 
anaesthetic technique. 


M. E. McBrien 
Department of Anaesthesia 
Sir Charles Gairdner Hospital 
Perth 
Western Australia 


1. Hawthorne LA, Wilson RC, Lyon G, Dresner M. Failed intu- 
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Sir,—McBrien makes two points in his letter. First, rather than 
turning the patient to the left lateral, head-down position, it may 
be advantageous to leave the patient supine, and second, because 
extradural anaesthesia has a risk of intrathecal or i.v. injection, spi- 
nal anaesthesia should be recommended. He does not provide evi- 
dence in support of his ideas. 

The debate as to the best position in which to conduct the failed 
intubation drill is longstanding. On the one hand is the Tunstall 
view', and on the other is that of Rosen’. Rosen did not appear to 
provide any data in support of his view, but in our series of 17 cases 
there were no instances of regurgitation or aspiration. It is only at 
the point where general anaesthesia is abandoned that the patient 
is turned. In fact, turning to the left lateral position may facilitate 
a view of the vocal cords. When surgery is to continue and general 
anaesthesia is maintained, the patient remains in the semi-prone, 
head-down position. 

Inadvertent intrathecal or i.v. injection with extradural anaes- 
thesia is a remote, but real risk, as is high spinal anaesthesia. In our 
series we had no problems with any regional technique, and the 
relative risks of one against the other are unknown. 

Much of the data concerning the problems with intubation in 
obstetric practice represent no more than the opinions of the 
authors. We have sought publication of the only audited perform- 
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ance of a failed intubation drill to provide the sub-specialty with 
some support for clinical practice. 
L. HAWTHORNE 
R. Witson 
G. Lyons 
M. DRESNER 
Department of Anaesthesia 
St James’s University Hospital 
Leeds 
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Sir,—Hawthorne and colleagues’ recent review of failed obstetric 
intubations in their maternity unit’ stated that despite a decrease 
in obstetric general anaesthetics they have seen an increase in 
failed intubation from 1:300 in 1984 to 1:250 in 1994, Against a 
background of approximately 300 obstetric general anaesthetics 
per year and an incidence of failed intubation of approximately 1 
per year, it is not possible to say that this change represents a real 
increase. Furthermore, the fact that they have seen an increase in 
the total number of Caesarean sections performed implies that a 
decrease in the use of general anaesthesia from 83% in 1981 to 
23% in 1994 represented only an approximate 30% reduction in 
the total number of general anaesthetic Caesarean sections. Con- 
sequently, it is not surprising that they had the impression that 
they had not seen a reduction in the incidence of failed intubation. 
Fortunately, failed intubation is a rare occurrence. This implies 
that the effectiveness or otherwise of a difficult intubation drill is 
necessarily difficult to demonstrate. 

In addition, the difficult intubation flow diagram described 
seems to suggest that in cases of fetal distress and maternal haem- 
orrhage where direct laryngoscopy is grade 3 (Cormack and 
Lehane), failure to intubate should be followed by the use of the 
laryngeal mask but in grade 4 laryngoscopy one should institute 
the failed inmbation drill. Precluding the use of a laryngeal mask 
airway in this type of emergency based on whether or not the tip of 
the epiglottis can be seen on direct laryngoscopy does not seem 
justified. Moreover, grade 2 laryngoscopy may be associated with 
difficult intubation, particularly in obstetric patients. 

It is interesting that in the six patients who underwent indirect 
laryngoscopy after operation no abnormality was found. In a study 
nearing completion, we have found a highly significant association 
between difficult indirect laryngoscopy and difficult intubation. 
The only failed obstetric intubation that was included in our study 
was an easy indirect laryngoscopy. These findings support the sug- 
gestion that failure to intubate the trachea of obstetric patients is 
more often a result of changes caused by pregnancy and the par- 
ticular problems of attempting to intubate in less that ideal 
circumstances than because of the anatomical features that make 
the intubation of non-pregnant patients difficult. 

G. KESSEL 
Department of Surgical and Anaesthetic Sciences 
Royal Hallamshire Hospital 
Sheffield 


1. Hawthorne L, Wilson R, Lyons G, Dresner M. Failed intuba- 
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Sir,—We thank Dr Kessell for the interest shown in our review of 
failed obstetric intubation in which he makes the following points, 
On the basis of the relative incidence of obstetric general 
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anaesthetics and failed intubations, we would be unlikely to iden- 
tify any changes, and the effectiveness of a failed intubation drill 
would be difficult to demonstrate. He also comments on the place 
of the laryngeal mask and supports our impression that the 
anatomical features are not the main culprit in failure to intubate 
in the obstetric setting. 

The figures that Dr Kessel] quoted are our own, and we do not 
wish to conceal our disappointment at our failure to reduce the 
incidence of failed intubation. We acknowledge that it is difficult to 
confirm the effectiveness of a failed intubation drill, and we wish to 
point out that ours is the only documented audit of its application 
in obstetric practice. We have not attempted to undertake a statis- 
tical analysis of this data as it would be inappropriate; none the 
less, we feel that our results are clinically relevant. 

Dr Kessell may be correct about placement of the laryngeal 
mask airway (LMA). Since the publication of our article, we have 
become aware of a report of the use of the LMA in 224 women 
undergoing Caesarean section, including 49 emergencies, appar- 
ently without any significant problems and a success rate of 99%". 
As more information supporting the safe use of the laryngeal mask 
becomes available, we anticipate that it may become the first alter- 
native when tracheal intubation fails. 


L. HAWTHORNE 

R. WILSON 

G. Lyons 

M. DRESNER 
Department of Anaesthesia 
St James’s University Hospital 
Leeds 
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Perioperative mucosal pH, in orthotopic liver 
transplantation 


Sir,—We read with much interest the recent article by Welte and 
colleagues’. In their study, the authors found a significant decrease 
in intramucosal gastric pH (pH,) during the anhepatic stage of 
liver transplantation, even though venovenous bypass (VVB) was 
used. These values became normal during the reperfusion stage of 
the graft. In our experience’, with or without the use of VVB, pH, 
was normal in the former group but a significant decrease was 
observed in the group without VVB (table 1). 

As in Welte’s study, pH, values became normal after reperfusion 
of the graft. However, in contrast with these authors, our patients 
showed a higher baseline pH, which could explain the differences 
observed during the anhepatic stage in the VVB patients. 
Maintaining temperature in our patients and improved global oxy- 
genation because of vena caval preservation during the anhepatic 
stage may account for these differences. 


I. CAMPRUBI 

A. SABATE 
Department of Anaesthesiology 
Bellvitge Hospital 
University of Barcelona 
Barcelona, Spain 
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Table 1 Effects of percutaneous venovenous bypass (VVB) on intramucosal gastric pH (pH), cardiac index (CI), temperature and 
oxygenation in group GA (VVB used; n=10) and group GC (no VVB used; 2=10) during hepatectomy (TI, the anhepatic stage (T2) and 
after reperfusion (mean (sp)). *P<0.05 between groups 


CI (litre m° min™) 


TIGA TI GC 
5.4 (1.2) 53 (2.1) 
Oxygen extraction (%) 17 (1.5) B (Q> 
Temp. (°C) 35.5 (0.6) 35.7 (0.7) 
Lactate (mmol litre’) 23 dd) 2.6 (1.3) 
pH, 7.392 (0.1) 7.400 (0.1) 


T2GA T2 GC T3 GA T3 GC 
4.5 (1.5) 59 (2) 59 (1) 58 (1.4) 
4 (3) 14 (6) 232 6) 20 G) 
34.8 (0.7 35.3 (0.3) 349 (1) 35.7 (0.7)* 
45 (1) 47 AN 4.7 (2) 53 0) 
7.408 (0.1) 7.253 (0.1)* 7.357 (0.1) 7.389 (0.1) 


Correspondence 


(VVB) in liver transplantation (LT): A randomized study. 
Preliminary results. Liver Transplantation and Surgery 1995; 1: 
415 (abstract). 


Sir,—We appreciate the letter of Camprubi and Sabate which 
relates to our recent article on mucosal pH (pH) during 
orthotopic liver transplantation (OLT)'. Their preliminary data 
suggest that the use of venovenous bypass (VVB) during the anhe- 
patic stage of OLT may indeed be beneficial for mucosal oxygen- 
ation: in contrast with our results, gastric pH, was preserved with 
VVB, but decreased transiently without VVB. As pointed out in 
our article, we were unable to strictly test the hypothesis that VVB 
would maintain mucosal blood flow as VVB was used routinely at 
our institution. Therefore, we cannot exclude the possibility that 
pH; values might have decreased to even lower values without 
VVB. The main purpose of our study was to assess the ability of 
tonometry to detect intraoperative mucosal hypoxia, to measure 
gastric and sigmoid pH,, and to relate the observed changes in pH, 
to the occurrence of endotoxaemia and primary graft function. 

Although in the preliminary report of Camprubi and colleagues, 
important information on patient physical status and determi- 
nants of tissue oxygenation is lacking, the fact that cardiac index, 
oxygen extraction and lactate concentration are comparable with 
the values measured in our study suggests that the different results 
for gastric pH, during the anhepatic stage may be attributed to the 
more severe chronic impairment of intestinal perfusion in our 
patients with end-stage cirrhosis. This is supported by the lower 
pH, values measured early during hepatectomy in our study (7.28 
vs 7.39). In fact, low pH, values (<7.32) have been reported in 
patients with chronic intestinal ischaemia and portal vein obstruc- 
tion’. In agreement with our data, the pH; values of Camprubi and 
colleagues’ patients without VVB had returned to baseline after 
reperfusion. However, in our patients with end-stage hepatic 
cirrhosis, pH; did not reach normal values (>7.32) before the sec- 
ond postoperative day, an observation that further supports the 
presence of chronic impairment of mucosal microcirculatory per- 
fusion. Hence, pre-existing chronic mucosal hypoxia might explain 
why pH, decreased during the anhepatic stage, although overall 
portal flow was maintained by the use of VVB. 

It also cannot be excluded that the apparent difference in base- 
line pH, values between our study and that of Camprubi and col- 
leagues is a result of the use of different blood-gas analysers. 
Riddington and colleagues’ and Takala and colleagues‘ have 
shown that direct comparison of pH, values obtained by different 
analysers is not valid. Therefore, it was recommended that each 
institution should determine its own reference values for pH,. 


M. WELTE 
Institute of Anaesthesiology 
University of Munich 
Klinikum Grosshadern 
Munich, Germany 
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Volatile anaesthetics and neuromuscular block 


Sir, —I read with interest the article by Dr Vanlinthout and 
co-workers’ and agree that the magnitude of potentiation of the 
effects of neuromuscular blocking agents by volatile anaesthesia is 
an important clinical question. We established recently that the 
dose of vecuronium required for a given effect during desflurane 
anaesthesia was 20% less than that required during isoflurane 
anaesthesia”. Consequent from this small reduction in vecuronium 
dose requirements there was a much greater degree of recovery 
from the neuromuscular blocking agent when the concentration of 
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desflurane was reduced compared with equivalent reductions in 
isofturane. Hence, even small differences in potentiation can be of 
great clinical significance if neuromuscular blockers are adminis- 
tered in response to monitoring (thereby taking advantage of 
reductions in dose requirements). 

Dr Vanlinhout’s group set out to clarify inconsistencies in the 
literature on the interaction between sevoflurane and neuromus-~ 
cular blocking agents. Unfortunately their study merely adds to 
the confusion. They concluded that sevoflurane and isoflurane 
potentiated neuromuscular blocking drugs to a similar degree. It is 
not reasonable to draw such a conclusion from the data presented 
in their article. 

For vecuronium alone, they found an ED., value of 16.9 pg kg". 
With the degree of variability reported and assuming that a 20% 
reduction in dose requirements is clinically relevant’, their study 
had, at best, only an 11% chance of demonstrating such a reduc- 
tion. That is, if the reduction in vecuronium dose reported in the 
presence of sevoflurane (ED,,, of 14.4 ug kg, 17% less than with 
isoflurane) was a real (rather than chance) occurrence, then 204 
patients would have to have received each anaesthetic to have an 
80% chance of demonstrating such a difference at the 0.05 signifi- 
cance level. 

We should interpret their study with caution. The results of their 
study are entirely in keeping with there being a clinically important 
difference in the degree of neuromuscular blocker potentiation 
manifest by sevoflurane and isoflurane. 


P. M. C. WRIGHT 
Department of Anaesthesia 
University of Newcastle upon Tyne 
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Sir,—Clinical interaction studies evaluating the influence of 
different anaesthetic techniques on the action of neuromuscular 
blocking agents often compare two or more groups of patients 
treated separately but concurrently as part of the same study. 
These studies are termed “parallel” to emphasize their difference 
from other clinical studies in which patients are their own controls. 
Parallel comparisons include most of the usual forms of 
interaction studies investigating the abilities of different inhalation 
anaesthetics to potentiate the neuromuscular effects of neuromus- 
cular blocking agents. However, the large between-patient 
variability in dose-response and dose-duration studies with 
neuromuscular blocking agents may preclude demonstration of 
subtle differences in susceptibility to these agents. Paired crossover 
studies can minimize the effect of inter-individual variability’. 
However, these paired crossover studies are difficult to perform 
with surgical patients. Healthy ASA I or II patients that are anaes- 
thetized two or more times, receiving on each occasion a different 
anaesthetic technique, are rare. Therefore, these paired crossover 
studies have to be performed with volunteers. 

Our clinical study was designed as a parallel comparison of dif- 
ferent anaesthetic techniques, that is opicid—nitrous oxide—-oxygen, 
opioid—nitrous oxide—oxygen-isofiurane and opioid—nitrous 
oxide-oxygen-sevoflurane, in their ability to potentiate the 
neuromuscular effects of the most commonly used non- 
depolarizing neuromuscular blocking agents in surgical patients. 
Using one-way analysis of variance (ANOVA) and subsequently 
the Ryan—Einot-Gabriel-Welsh (REGW) multiple range test’ to 
identify eventual sources of difference, there was a significant dif- 
ference in magnitude and duration of neuromuscular action 
between the-control group, receiving no volatile agent, and the 
groups receiving inhalation anaesthetics. We were unable to dem- 
onstrate any significant difference between opioid-nitrous oxide- 
oxygen-isoflurane and opioid—nitrous oxide—-oxygen-sevoflurane 
anaesthesia on the effects of neuromuscular blocking agents. In the 
population investigated, the differences between opioid—nitrous 
oxide-oxygen-isoflurane and opioid—nitrous oxide-oxygen— 
sevoflurane anaesthesia on the magnitude and duration of 
neuromuscular blocking agents were small compared with the 
between-patient differences in these responses to neuromuscular 
blocking agents (<10% for the mean values of both magnitude and 
duration of action). In order to demonstrate significant differences 
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in the potentiating abilities of isoflurane and sevoflurane on the 
effects of neuromuscular blocking agents, that is a significant dif- 
ference in both depth and duration, sample sizes of several 
hundreds of patients per neuromuscular blocking group would 
have been required’. Such sample sizes are beyond practicable 
limits. We selected our population carefully, using rigid inclusion 
criteria, as described in the text, to reduce patient variability. This 
inevitably introduced constraints such as the availability of large 
numbers of eligible patients within a reasonable period of time. 
Any investigator is limited by both resources and time. 
Additionally, our study was intended as a phase II trial to evaluate 
the interaction between sevoflurane and neuromuscular blocking 
agents within a limited number of surgical patients. 

Both the investigator and clinician should be concerned about 
the ability to detect an important clinical difference. Different 
investigators disagree on what is a clinically significant difference. 
They also disagree on the risk they are willing to take of missing a 
meaningful effect caused by drug interaction’, The choice of a 
20% difference in ED. as a clinically significant value is arbitrary. 
Such a difference is small compared with the large inter-individual 
differences in the response to neuromuscular blocking agents. 
With the degree of variability and sample sizes used in our study, a 
30% reduction in the ED; of pancuronium and atracurium and a 
45% reduction in the ED, of vecuronium had an 80% chance of 
being significant at the 0.05 level. 

Finally, we still feel that further interaction studies on the influ- 
ence of higher concentrations of volatile anaesthetics on larger 
doses of neuromuscular blocking agents are warranted. To 
elucidate small but significant differences in the ability of 
isoflurane and sevoflurane to potentiate the action of neuromuscu- 
lar blocking agents, these interaction studies need to be performed 
in volunteers who are studied twice, receiving isoflurane on one 
occasion and sevoflurane on the other’. 

L.E.H. VANLINTHOUT 

T. DE Boo 

L.H.D J. Boog 
Institute for Anaesthesiology 
University Hospital of Nijmegen 
Nijmegen, The Netherlands 
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importance of beta, the type H error and sample size in the 
design and interpretation of the randomized control trial. New 
England Journal of Medicine 1978; 299: 690-694. 

5. Wright PMC, Hart P, Lau M, Brown R, Sharma ML, 
Gruenke L, Fisher DM. The magnitude and time course of 
vecuronium potentiation by desflurane versus isoflurane. 
Anesthesiology 1995; 82: 404-411. 


Cusum: a statistical method to evaluate 
competence in practical procedures 


Sir,—It was interesting to read the commentary by Kestin: 
describing the use of cusum analysis to measure the competence of 
anaesthetic trainees at practical procedures. The cusum is a useful 
graphical tool for discerning trends from a series of observations. 
The derivation of boundary lines for sequential tests allows com- 
parison of the observed proportions of success or failure against 
predetermined standard criteria. This could be developed into a 
continuous performance monitor in anaesthesia. 

In his article, Kestin discussed the problems of keeping paper 
records and plotting fractions on the graphs. In response to this we 
set out to develop a computerized personal log book system for 
practical procedures to run in parallel with the electronic 
anaesthetic log book on the Psion 3a. However, in setting up the 
algorithms we have encountered a number of problems. 

The values for s, Ap and k, calculated using the formulae in the 
appendix do not agree with the values in table 1 of the article. On 
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reviewing the original articles? on the application of the cusum, the 
value of Q should read Q= Ln [(1—pg)/(1—p,)]. The values in the 
table are indeed correct if this calculation is used for Q. 

The null hypothesis in the article is stated as “the true failure 
rate is NOT different from the acceptable failure rate” and if the 
cusum exceeds A, then it is rejected. This does not imply that the 
true failure rate exceeds the unacceptable failure rate which is the 
performance indicator which interests us. Similarly the alternative 
hypothesis is stated as “the true failure rate is equal to or exceeds 
the unacceptable failure rate” and if the cusum decreases to less 
than A, then it is accepted. Surely this would imply that the falling 
cusum of registrar B in figure 1 has a true failure rate that is equal 
to or exceeds the unacceptable failure rate. 

Po corresponds to the failure rate under the null hypothesis 
which should surely read “the true failure rate is not different from 
the unacceptable failure rate”. If the cusum exceeds A, then this 
hypothesis is accepted and the trainee’s performance is unaccept- 
able with reference to the agreed unacceptable failure rate. 
Similarly p, corresponds to the failure rate under the alternative 
hypothesis which should surely read “the true failure rate is equal 
to or exceeds the acceptable failure rate”. If the cusum decreases 
to less than A, then the this hypothesis is rejected and the trainee’s 
performance is no worse than the accepted failure rate. 

Furthermore, there appear to be clearcut criteria in the 
definition of success or failure for a particular procedure. This is 
confusing and it is difficult to see why type 1 and 2 errors of 10% 
(0.1) where chosen. 

For reasons of convenience for the plotting of the graph, the val- 
ues of s, ho and A, where multiplied by 10. It is not clear if, in the 
event of a success, (1—s), 10 (1—s) or 1-10s was plotted. 

The statistical method described by Kestin appears to be a very 
powerful analytical tool and may have a wide range of applications 
in the assessment of trainees. However, the errors and inconsisten~- 
cies in the appendix are a source of confusion. It would be useful if 
the derivation of the definitions, variables, hypotheses and theory 
behind the calculations were explained more clearly. 

E. J. HAMMOND 
Department of Anaesthesia 
Poole General Hospital 


Poole 
A. K. McInpor 
Royal Devon and Exeter NHS Trust 


1. Kestin IG. A statistical approach to measuring the compe- 
tence of anaesthetic trainees at practical procedures. British 
Journal of Anaesthesia 1995; 75: 805-809. 

2. Williams SM, Parry BR, Schlup MMT. Quality control: an 
application of the cusum. Brinsh Medical Journal 1992; 304: 
1359-1360. 


Sir,—I would like to thank Drs Hammond and Melndoe for their 
interest, and in particular for correcting the error in the formula 
for Q in the appendix-p, and p, have been transposed. 

In answer to their other comments, the advantages of using a 
and B of equal magnitude is explained in the methods section; the 
choice of 0.1 was a compromise between the common values for a 
of 0.05 and for B of 0.1 or 0.2 used in clinical studies. The software 
on the Psion 3a can be used to record and display the cusurn; in 
this case, it is not as helpful to have a and ß equal than if graphical 
methods are used. The graphs used by our trainees were plotted 
using the nearest integers to 10s and 10 (1—s) as the increments. 

The original article in the British Medical Journal referred to by 
Drs Hammond and McIndoe was the article that stimulated my 
interest in this topic. However, I found it difficult to understand 
the basic statistical concepts of cusum analysis from this article. I 
found it even more difficult to write an explanation myself, and 
this article is the only one of mine which the reviewers have ever 
suggested that more text be included to clarify the argument! I 
would refer them and others to Davies’ text' for a better explana- 
tion than I could provide. 

I. G. KESTIN 


Department of Anaesthesia 
Derriford Hospital 
Plymouth 


1. Davies OL. The Design and Analysis of Industrial Experiments, 
2nd Edn. London: Longman Group, 1978. 
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Critical Care: Standards, Audit and Ethics. J. Tinxer, D. R G. 
Browns AND W. J. Suspatp (editors). Published by Arnold, 
London. Pp. 412; indexed; illustrated. Price £85.00. 


This book is divided into four sections: critical care, resource 
standards, audit and ethics. The editors take the view that 
technology is no longer the limiting factor in the management of 
the critically ill patient and have therefore gathered together expert 
views on these other issues which challenge intensive care 
clinicians. The authorship is chosen to give a global perspective, 
and the variety of content to provide something for everyone 
(intensive care clinicians, students, trainees, lawyers and hospital 
managers). Indeed, it is difficult to avoid the opinion that many 
sections are written for lay persons. 

The introductory sections suggest that critical care medicine is 
life-support biology and the unit where it is practised, the 
hospitals’ hospital. Clear differences emerge between nations and 
their provision of intensive care and individuals involved in its 
delivery. “The clinical pharmacist has participated in the full care 
of the patient with special effectiveness during life-threatening cri- 
ses, including those of cardiac arrest.” Repetition of iatrogenic 
complications introduced by intensive care medicine is a good 
reminder of our responsibilities. On the whole, the text is well ref- 
erenced, with the occasional exception (a reference to fatal conse- 
quences of tracheostomy, almost certainly performed surgically, 
from 35 yr ago). The book covers development and cost implica- 
tions of intensive care medicine and implications for the future. 

The second large section on resource standards is an odd mix- 
ture of chapters and topics covering primary care and transport, 
general structure of intensive care units, monitoring and a 
shopping list of the therapies that are provided. There are some 
good sections on the use of unevaluated~ invasive monitoring, 
excuses for compassionate use of unproved therapy, and the diffi- 
culties in defining risk benefit. The theme throughout is the lack of 
evidence for benefit of intensive care but the justification for fail- 
ure of mortality to improve is that we are now treating older, sicker 
patients in whom more general medical effort has been put into 
sustaining those with chronic disease. “The logical progression of 
ethical arguments can be developed by which specific therapies or 
diagnostic procedures are defended.” 

The chapter on invasive haemodynamic monitoring suggests we 
should apply specific tests for documentation of the effectiveness 
of this monitoring and provides an excellent section on the fanta- 
sies of haemodynamic monitoring, particularly related to the limi- 
tations of measurement of pulmonary artery occlusion pressure. 
The need for future research studies, especially on the use of pul- 
monary artery catheterization to rationalize cost containment, is 
clearly evident. The chapter on imaging describes the basic tech- 
niques available and the radiological appearance of pathological 
processes in different anatomical sites. This would benefit from 
more illustrations of better quality. The section on the intensive 
care laboratory is particularly good as few of us have looked in 
adequate depth at our procedures for quality assurance and qual- 
ity control. These authors have achieved their objective of present- 
ing a philosophy to eliminate errors and the requirement for docu- 
mentary evidence of QC, service records and staff training. 

I had some anxiety that the views of the authors represented in 
the chapters on delivering respiratory, cardiac and renal support, 
although conventional, would be viewed as the standard approach 
for all patients, given the nature of the text. 

There are very useful comparisons of nursing and medical staff- 
ing and training, including those for respiratory and physical 
therapy, between the UK, USA, Australia and Canada and an 
innovative chapter on the role of the clinical engineer and clinical 
scientist in patient care. This latter section bewails the lack of 
worldwide recognition for academic qualifications, certification or 
registration which the author suggests adversely affects the profes- 
sional profile and status of clinical scientists, engineers and 
technologists at a time when complex technological management 
requires a highly qualified person with managerial skills who must 
also be proficient in computing and budgeting, in addition to 
being involved in clinical trials. 

The section on audit which adapts the general principles to 
intensive care is well written and draws attention to the potential 
for patient data management systems to integrate information. 
There is some repetition in the later part of the book in relation to 


selection of patients for intensive care which is inevitable as it 
alludes to the means of quantifying illness. The limitation of out- 
come measurements is referred to and also the potential for 
“negative benefits”. The overall outcome from intensive care has 
to be viewed however as part of the integrated process of health 
care delivery. The authors of the chapter on costs and 
consequences evaluating the evidence of benefit of intensive care 
has achieved its objective in providing insight into technology 
assessment and making clear recommendations that we improve 
our ability to critically evaluate the technologies we use, a 
challenge which is being met in the UK by Health Technology 
Assessment bodies and better liaison with industry to work 
towards developments which will help patients and not sales. 

The section on ethics defines our need to establish priorities in 
order to make choices within health care and draws attention to 
the high incidence of withdrawing or withholding care as a prelude 
to death in the ICU. There are considerable international 
differences in practice and good if simplistic advice from the 
European author to resist fears of malpractice suits when facing 
futile prolongation of life. 

The section on organ donation is very comprehensive although 
the use of xenografts is dismissed by a few lines without any refer- 
ence to the potential for the spread of blood-borne viral disease in 
the immunocompromised host. The requirement to achieve good 
standards in clinical research is stressed and this chapter covers the 
ethical issues and the requirement of researchers to be not only 
good physicians but capable of conducting a study that will help to 
improve patient care in the future. 

Inevitably, the medico-legal section contains a good deal of rep- 
etition, again from other sections of the book, but provides good 
insight into international differences in approach and indeed vari- 
ations in pronouncements from our own legal system in the UK, 
particularly relating to withdrawal of care where the decisions of 
judges inevitably reflect their own moral stance. The book ends 
with a chapter on moral and religious dilemmas, with particular 
reference to management of the Jehovah’s Witness. 

Overall, I would recommend this book to all those involved in 
the delivery of intensive care. It does try to deliver all things to all 
people, but perhaps because of this we are encouraged in our 
multidisciplinary attitude to consider these important issues not 
only for ourselves but in the context of the rest of the developed 
world. 


S. Willatts 


Comprehensive Human Physiology from Cellular Mechanisms to Inte- 
gration, vols 1 and 2. G. GREGER AND U. WINDHorsT (editors). 
Published by Springer, Berlin. Pp. 2527; indexed; illustrated. 
Price DM168.00. 


The first thing that struck me about these volumes was their mas- 
sive size—postage for the two volumes was just under £10. 
Together they contain about four times the content of a 
“standard” physiology text, such as Ganong, and each volume is 
equal to one of the larger textbooks, such as Best and Taylor. 
Thus, in content, it comes between the usual textbook range and 
the highly voluminous, highly expensive encyclopaedic work such 
as the American Physiological Society Handbook of Physiology. The 
hard cover binding is excellent in that the volumes remain open at 
any selected page on a flat surface. The paper and print quality are 
also excellent, although the print size is smaller than in most text- 
books. 

The editors state two main aims: first, to provide an up-to-date 
review of the subject of human physiology, and second, to combine 
molecular and cellular information with integrated whole-body 
physiology. To achieve this they have enlisted some 104 contribu- 
tors, mainly from Germany (47) and North America (30 from the 
USA and nine from Canada); only four are from the UK. The 124 
chapters (and two appendices) are organized into five major 
sections: basic principles and their coordination (476 pages); the 
nervous system (720 pages) (end of volume one); intake and 
excretion (434 pages); acute vital functions, heart, circulation and 
respiration (580 pages); and the life cycle (190 pages). There is an 
initial chapter on “Physiology past and future”, the last chapters 
are on the physiology of aging and death and there are generous 
appendices (29 pages) on physiological units and normal values 
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for physiological variables. The index covers 77 pages and is 
present only in volume two, whereas the preface, list of contents 
and contributors are given at the front of both volumes. As a sign 
of the times, the final page of each volume is entitled 
“Springer-Verlag and the environment”, and states that the mater- 
ials used, including paper from low- or no-chlorine pulp, are envi- 
ronmentally friendly. 

The book is liberally illustrated (black/blue with occasional full 
colour) with high quality diagrams and original micrographs, 
traces and data. Most chapters end with 100 or more primary ref- 
erences. Overall the style is clear and elegant. Much of the book is 
written in a user friendly style but some readers may find some 
areas difficult to digest. Chapters often end with a conclusions 
section which may be a brief summary paragraph or extend to a 
full page. 

I feel that the editors have achieved their aim of providing a 
state-of-the art comprehensive review of human physiology from 
the molecular to the whole organism level. The chapters, written 
by subject experts, are scholarly in style, with discussion of 
evidence and citation of numbered references at the end of each 
chapter. Content approximates to monograph level. The refer- 
ences cover the late 1980s and the 1990s. Thus in one highly ref- 
erenced chapter, 35 of the 233 references are from the 1990s, 
including two in press, and 103 are from the 1980s. I feel that most 
would be gained from this book by reading complete chapters, 
some of which are heavy going in places, rather than using the 
book to check a point of basic detail in a short space of time, where 
established textbooks would probably be better. 

From being personally involved in a (rather smaller) multi- 
author publication, I can appreciate the enormous effort required 
to get this huge enterprise off the ground. The preface records 
that, sadly, the two original editors (Mommaerts and Koepchen) 
both died before the work could be brought to fruition. The pub- 
lisher’s current advertisement gives the pages as approximately 
1860, and from my own experience I would see the first edition as 
essentially a starting point and hope that the momentum can be 
maintained by further editions at relatively short intervals, now 
that modern word-processing makes updating and improving rela- 
tively painless. 

In conclusion, this is certainly not a book for the trainee anaes- 
thetist working for the fellowship. Even the intellectual high flyer 
would be better advised to use one of the excellent larger 
textbooks. However, at a cost of DM 168 (about £73) it represents 
excellent value and I would strongly recommend it for departmen- 
tal and hospital libraries and for individuals looking for “in-depth” 
updates across the range of physiological knowledge. If the editors 
and authors can refine and update it every 2 or 3 yr then I think it 
could become a classic and perhaps confound the editors’ predic- 
tion in the last paragraph of their preface that we are “on the verge 
of an era without printed textbooks”. 


WEM. Wallace 


Critical Care of Infants and Children. 1. D. Topres AND J.-H. FUGATE 
(editors). Published by Little, Brown and Co., Boston. Pp. 
7253 indexed; illustrated. Price £85.00. 


This single volume, competitively priced, American text joins an 
expanding list of books in the fledgling 38-yr-old specialty of pae- 
diatric intensive care which is still “in utero” in the UK, at least in 
terms of its provision, organization and training. The contents are 
prioritized well, with resuscitation, emergency management and 
practical procedures covered in the first 100 pages, with useful line 
drawings, photographs and radiographs sprinkled liberally 
throughout the text. I was surprised that there was no paediatric 
CPR algorithm in the first chapter and in the section on upper air- 
way obstruction, the general anaesthesia technique used for secur- 
ing the airway was given the body swerve, presumably because 
American intensivists do likewise by delegating this duty to the 
anaesthetist! 

The “systems” are covered well and an interesting chapter on 
cardiac ultrasound is illustrated well with Doppler photographs, 
including five colour plates. Nitric oxide and high frequency oscil- 
lation are mentioned briefly and deserved more coverage, and liq- 
uid ventilation, which has great potential, was omitted. Pharma- 
cology and poisoning are reviewed but it was interesting that the 
references on “propofol poisoning”, which caused such problems 
in the UK, were not mentioned. The last part of the book attempts 
to deal with the extremely important ethical, psychosocial and 
organizational issues which impact more and more on paediatric 
intensive care practice. The key role of the intensivist as a coordi- 
nator is stressed and the dangers inherent in too much “multidis- 
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ciplinarianism” illustrated nicely by the poem The bind men and 
the elephant by J. G. Saxe, which gives welcome light relief. 

The last paragraph in the book sums up why some of us struggle 
on with our love-hate relationship with paediatric intensive care: 
“The importance of a well organised and smoothly run ICU is 
critical to the care of the child and the family. For the intensivist, 
the experience can be a most rewarding one, providing a great 
source of satisfaction and the opportunity to be a true healer”. 


N. S. Morton 


Anaesthesia Review 12. L. KAuFMAN AND R. Gmssure (editors). 
Published by Churchill Livingstone, Edinburgh. Pp. 259; 
indexed; illustrated. Price £35.00. 


Wisely seeing no need to alter their tried and tested format, the 
(now joint) editors of Anaesthesia Review present the 12th volume 
in tbis popular series. Twelve chapters by invited contributors pro- 
vide informative, up-to-date, relevant and mostly readable reviews 
of a diverse array of topics, with a bias in this volume towards 
pharmacological developments and aspects of pain relief. Dr 
Kaufman provides two rather less easy-to-read chapters packed 
with interesting tit-bits of information relating to recent publica- 
tions in anaesthesia, and in medicine relevant to anaesthesia. 
These serve as a valuable reference source to further their knowl- 
edge in a particular field. Perhaps the inclusion of a research paper 
in a Dr Kaufman review chapter could be used as a marker of rel- 
evance to the average anaesthetist! 

The 12 invited contributions, mostly by known authorities in 
their field, vary in style, length and depth; the authors appear to 
have had a fairly free hand in this matter. This is by no means a 
criticism, as it enables the reader to select his/her reading to suit 
the time and concentration faculties available. Topics range from 
alternative methods of ventilation in ARDS to end-tidal carbon 
dioxide monitoring, the spinal cord and chronic pain, controver- 
sies in pain, transdermal drug delivery, infusion techniques, paedi- 
atric analgesia, oxidant injury, metabolism of newer anaesthetic 
drugs, extradural anaesthesia, anaesthesia for burns patients and 
prevention of venous thrombosis. Every chapter is well-referenced 
and there is little to criticize. I found no factual errors and only a 
few spelling or typographical errors. 

It is customary to recommend a book such as this to FRCA 
candidates. I would suggest that while examination candidates 
would undoubtedly benefit from selective reading of this book, 
there are probably more time- and cost-efficient methods of learn- 
ing. It would be useful reading to have in the on-call room or on 
the train, or for regaining momentum in that post-written, pre-viva 
announcement period. For the rest of us with rather less pressure 
and a little more time, this book is an enjoyable read over a few 
weeks, with much of interest to most anaesthetists. 


D. Campbell 


Climical Risk Management. C. Vincent (editor). Published by BMJ 
Publishing Group, London. Pp. 570; indexed. Price £34.95. 


This is a 500 page paperback book produced by the BMJ Publish- 
ing Group; each chapter is written by a different author and edited 
by the psychologist, Charles Vincent. 

Resource management is a developing subject in health care in 
this country, which is fuelled by increasing clinical negligence 
cases for which trusts have to take responsibility, the realization of 
the frequency of mistakes in health care practice and that “human 
rather than technical failures now represent the greatest threat to 
complex and potentially hazardous systems”. 

This book gives a thorough and comprehensive review of the 
state of this subject in the UK at the present time and a rational 
opinion of both how it should, and how it is likely to develop. It 
does this by collecting together a series of essays by different 
authors which are mostly very readable and have some common 
thread of style. It is divided into three parts. The first part gives the 
background to the subject with a chapter on experiences from the 
United States and chapters on the psychology of human error and 
changing behaviour. The chapter on financial implications of risk 
management points out that if resource management is seen only 
in terms of litigation and finance, it is difficult to prove its worth, 
but in terms of quality improvement, there are both social and 
economic benefits to be gained from reducing untoward 
outcomes. The close link between risk management and quality 
improvement is discussed, but it is emphasized that they appear to 
be aimed at different groups and have different financing arrange- 
ments although they should be part of the same system. Also, the 
close link between clinical and management activities is firmly 
established. 


Book Reviews 


In the second part of the book, risk management is dealt with in 
a more practical way, with chapters on the state of risk 
management in a number of specialties, including obstetrics, A&E 
and anaesthesia, and chapters on general practice and risk 
management in nursing and midwifery. Several of these chapters 
are well illustrated by case studies and other examples which make 
interesting reading to the practising clinician. They show the 
diverse interpretation of risk management in different specialties 
which, although partly a result of the different needs of the differ- 
ent specialties, also illustrates the need for considerable improve- 
ment in many areas. 

The third part deals with the practical aspects of how to imple- 
ment a risk management programme. Although some of the views 
in this part are expressed from a fairly narrow viewpoint, the whole 
section gives some excellent methods of how clinicians and their 
management colleagues in trusts should be considering the area of 
risk management. The arguments are compelling. 

Finally, the book ends with a number of appendices on clinical 
negligence scheme for trusts, Governments proposals for the NHS 
complaints procedure, potential job descriptions for clinical risk 
managers and other such useful documentation. 

This is an important book for anyone involved in risk manage- 
ment in hospitals in the UK. It can serve as a good reference book, 
each chapter being well referenced, but it is written well enough to 
be an interesting and useful read from cover to cover. 


A. G. H. Cole 


Neuromuscular Transmission. Fundamentals of Anaesthesia and Acute 
Medicine Series. L. H. D. J. Boog (editor). Published by BMJ 
Publishing Group, London. Pp. 196; indexed; illustrated. 
Price £27.95. 


This small book is one of a series from the BMJ Publishing Group 
on the “Fundamentals of Anaesthesia and Acute Medicine”. The 
series aims to update the reader on the principal clinical topics 
related to anaesthesia: this issue is on neuromuscular transmission. 
It is edited by Professor Leo Booij (Netherlands) and is written by 
an international team of well recognized contributors to the field 
of neuromuscular physiology and pharmacology. 

The physiology of neuromuscular function is covered in detail: 
three chapters consider prejunctional events, postjunctional 
mechanisms, and perhaps most importantly, the central control of 
neuromuscular transmission. Such central control is an important 
factor during general anaesthesia (in contrast with the use of neu- 
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romuscular blocking agents in the critically ill), and it is apposite 
that a full chapter is dedicated to it. It is impossible as yet to give a 
full explanation of these effects, but recent advances have been 
detailed and some thought-provoking ideas are given. 

As with any multi-author text, the standards vary between chap- 
ters and there is some repetition. Several are well referenced, par- 
ticularly the chapters on drug interactions, non-depolarizing neur- 
omuscular blocking agents, neuromuscular blockers and 
concurrent disease, and active reversal of neuromuscular block. In 
addition, these chapters are impressively detailed. How many 
readers realize that famotidine is the only H, receptor antagonist 
without a neuromuscular blocking effect? Or that the aminoster- 
oids were derived from the African poison, Malouetta 7 
I certainly did not. The work involved in such an exercise should 
not be underestimated. Professor Booij is to be congratulated on 
his efforts; despite the multiple authorship, his contribution is the 
most impressive. 

Undoubtedly, it would be pedantic to mention the small 
referencing errors which exist throughout the text. There are also 
some factual errors, however. Pancuronium is certainly not one of 
the most frequently used non-depolarizing neuromuscular block- 
ers in the UK: it has not been so for 15 yr. Only the older genera- 
tion of anaesthetists now use it: in some hospitals it would be 
impossible to find. Nor does renal failure cause an exaggerated 
hyperkalaemic response to suxamethonium: the effect is more 
marked only because the baseline serum potassium concentration 
is higher, and therefore toxic concentrations are reached more 
easily. 

I would prefer to have had more information on plasma 
cholinesterase in this text. Now that its structure has been defined 
and more is known about the various patterns of inheritance of 
abnormal cholinesterase, this would have been interesting. More 
mention of the latest knowledge on malignant hyperthermia and 
neuromuscular blockers would also have been useful in the 
concurrent disease chapter. 

Nevertheless, every witcher should have this book on their 
shelves (for the references alone), even though several similar texts 
are now available on neuromuscular function. We certainly do not 
need any more until the next millennium. There only remains a 
need for a tome on the physiology and pharmacology of 
neuromuscular function; a reference book which covers all aspects 
of this subject. I wonder who will have the energy to edit it! 


5. M. Hunter 
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British Journal of Anaesthesia 1996; 76: 816-821 


p. 819. In figures | and 2 of this article, the legend identifying the two groups was omitted. These two figures and 
the correct legends are reproduced below. 


We apologize to the authors for this confusion, which arose during the editorial process. 
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Figure 1 Changes from baseline of raw sensory thresholds (mean, sp mA). The dermatomes tested (X axis) and the types of threshold 
tests (Y axis) are indicated. *P<0.05 us baseline, +P<0.05 vs day 5 value. The significances for the placebo group (O) are marked above 
the zero line, those for the fentanyl group (@), below. Only differences at individual times within a given graph are marked (for other 
results, see text). 
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Figure 2 Changes from baseline of normalized sensory thresholds in arbitrary units (mean, sp ratios). The dermatomes tested (X axis) and 
the types of threshold tests (Y axis) are indicated. *P<0.05 vs baseline. The significances for the placebo group (0) are marked above the 
zero line, those for the fentanyl group (@), below. Only differences at individual times within a given graph are marked (for other results, 
see text). 
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p. 831. In figure 2, the filled symbols were omitted and thereby the significance results. The correct figure is 
reproduced below. 


We apologize to the authors for this confusion. 
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Figure 2 Heat pain detection threshold (HPDT) on the unburned (top) and burned (bottom) calf (medians) before (baseline (B) and 
before the burn injury (Pre)), during and after infusion of placebo (O), ketamine 0.15 mg kg (A) or ketamine 0.30 mg kg™ (D0). Start, 
stop = Beginning and end of infusion of ketamine or placebo. Ketamine 0.15 mg kg™ vs placebo: P>0.05; ketamine 0,30 mg kg™ us 
placebo: P>0.05, non-parametric two-way analysis for unburned calf; ketamine 0. 15 mg kg™ vs placebo: P>0.05; ketamine 0.30 mg kg” 
vs placebo: P<0.05, non-parametric two-way analysis for burned calf. Filled symbols = significant difference from baseline (Friedman’s 
ANOVA). 
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EDITORIAL 


Does anaesthesia have long-term consequences? 


The definition of anaesthesia as a triad of hypnosis, 
analgesia and neuromuscular block,! now seems 
simplistic; it ignores other less obvious effects, which 
may be either beneficial or detrimental to our 
patients. One example of a more subtle effect of 
anaesthesia is how it may influence communication 
between cells. Intact intercellular signalling under- 
lies the ability of an organism to mount an appro- 
priate physiological response to an insult. In many 
pathophysiological processes, including wound heal- 
ing, ischaemia and malignancy, defective signalling 
is known to occur.” Progress in basic science has led 
to the identification of, and the technology to 
measure, a group of intercellular mediators termed 
cytokines. These comprise a family of small proteins 
and glycoproteins (molecular weight 15-30 kDa). 
Under normal conditions, baseline production of 
cytokines is low, but when triggered by appropriate 
stimuli, including infection or surgical injury, pro- 
duction can increase markedly.3 Most cytokines act 
in an autocrine (i.e. on the producer cell) or 
paracrine (i.e. on neighbouring cells) manner.* A 
few members of the family, for example tumour 
necrosis factor-a (TNF-a), interleukin-2 (IL-2), 
interleukin-6 (IL-6) and transforming growth factor- 
B (TGF-B) are transported in the blood to act at dis- 
tant sites, and thus resemble classical hormones. 
After stimulation by an insult, leucocytes, 
macrophages and endothelial cells either release 
stores, or rapidly switch on the synthesis of 
cytokines. These mediators regulate the activity, dif- 
ferentiation and growth of many types of cell belong- 
ing to the inflammatory and immune systems. 
Generation of transgenic animals, which either over- 
express or under-express a specific cytokine, has pro- 
vided a useful tool to help unravel the functions of 
these mediators.’ 

Severe injury and infection produce well character- 
ized neuroendocrine and metabolic changes in the 
host. These changes are mediated, at least partly, by 
cytokines. TNF-a, IL-1 B, IL-2, IL-6 and interferon-a 
cause release of anterior pituitary hormones by acting 
on the hypothalamus and pituitary glands.” Although 
such cytokine responses are generally believed to be 
beneficial, some individuals develop an excessive or 
prolonged response, manifested clinically by the sys- 
temic inflammatory response syndrome (SIRS).® 
Many animal studies have been published demon- 
strating improved outcome after inhibition of cytokine 
responses. Most of this research has focused on sepsis. 
They conclude that attenuation of cytokine activity 
after lipopolysaccharide (LPS) administration, or 


caecal ligation and puncture, increases survival.’ 10 
For many reasons, discussed by Yentis in an editorial 
in this journal, the expected benefit from cytokine 
manipulation in sepsis has not yet been realized in 
human studies.!! 

Cytokine responses to surgery have also been 
studied, particularly IL-18, IL-6 and TNF-a, which 
have been shown to increase in proportion to the 
magnitude of the operation.!? Although there is a 
paucity of data on the influence of anaesthetic drugs 
and techniques on cytokine responses, there is evi- 
dence that anaesthesia is capable of modulating 
these short-term responses. In vitro studies have 
demonstrated that volatile agents can suppress 
cytokine release from blood cells. Isoflurane inhibits 
the secretion of TNF-a and IL-18 from LPS- 
stimulated human peripheral blood monocytes.!3 In 
another study, sevoflurane and enflurane were found 
to inhibit TNF-a and IL-1 release from stimulated 
monocytes, but the release of IL-2 was unaffected.!4 
In vitro assessment of anaesthesia and cytokine 
responses has not been restricted to general anaes- 
thetic agents. Lignocaine inhibits the effect of 
recombinant human granulocyte colony-stimulating 
factor (rhG-CSF) on human neutrophil function: it 
reduces rhG-CSF-induced neutrophil superoxide 
release and down-regulates leucocyte adhesion 
molecule-1 expression in a dose-dependent 
manner.!5 

Few studies have been published on how anaes- 
thesia affects in vivo cytokine responses to surgery. 
Crozier and colleagues compared the changes in 
plasma concentrations of IL-18 and IL-6 after 
abdominal surgery, using two different anaesthetic 
techniques.'!© Compared with anaesthesia using 
isoflurane and nitrous oxide, total i.v. anaesthesia 
CTIVA) with propofol and alfentanil caused a signifi- 
cantly reduced and delayed increase in IL-6 concen- 
trations. No difference was observed when 
concentrations of IL-1B were measured. The 
authors concluded that alfentanil was the agent 
responsible for suppressing the release of IL-6. The 
effect of extradural anaesthesia on the IL-6 response 
to abdominal surgery has also been investigated: 
although it caused no overall significant change in 
cytokine concentrations, a delayed increase in IL-6 
was noted.!? Thus, there is evidence that anaesthesia 
has the potential to attenuate cytokine responses 
induced by surgical trauma. 

For reasons which remain unclear, some indi- 
viduals develop uncontrolled cytokine responses and 
could potentially benefit from appropriately timed 


570 


cytokine inhibition. Until recently it has not been 
possible to predict which patients are at risk of 
mounting this excessive cytokine response to surgical 
injury. However, molecular biology may be able to 
offer a solution. Polymorphism is the existence in a 
population of two or more relatively common alleles 
at a genetic locus. Polymorphism, or variation in 
DNA sequence, may occur in an extron (coding 
portion of the gene) and after transcription and 
translation, result in the production of a defective 
protein. Equally, polymorphism may occur in an 
intron (non-coding portion), but still modify gene 
expression in other subtle ways. '® For example, poly- 
morphism may lie in the promoter region of the 
gene, a part of the gene that is important in deter- 
mining initiation of transcription. Alternatively, 
polymorphism itself may be unimportant, except as 
a marker that may be linked to another, as yet 
unidentified, allelic variation that is responsible for 
the altered phenotypic response. Although it is 
accepted that particular genotypes can predispose 
individuals to long-term risks in response to environ- 
mental stress, for example the familial clustering of 
some types of cancer, until recently there was little 
evidence that genotype could alter outcome with 
respect to short-term stress. Stuber and colleagues 
have recently reported a genomic polymorphism 
within the TNF locus that influences concentrations 
of TNF-a and outcome in patients experiencing the 
short-term stress of severe sepsis.!9 They used the 
polymerase chain reaction (PCR) to amplify a 782- 
base pair fragment of genomic DNA, which included 
the polymorphic site of a restriction endonuclease 
(Neol) within the TNF locus. Each patient’s geno- 
type was determined after digestion with NcoI and 
gel electrophoresis. Two TNF alleles, TNFB1 and 
TNFB2, were identified and correlated with maxi- 
mum concentrations of TNF-a and outcome. The 
42% of patients who were homozygous for TNFB2 
had significantly higher concentrations of TNF-a 
and a worse outcome. This is the first attempt at 
using a genetic test to predict cytokine responses and 
outcome, and should be investigated prospectively. 
In the future it may be possible, using simple blood 
tests, to predict which patients are likely to mount 
excessive cytokine responses after major surgery 
(high responders). Such tests may help anaesthetists 
to predict outcome or the need for postoperative 
intensive care. They may also allow us to select the 
most appropriate anaesthetic, in terms of its ability 
to modulate cytokine activity, for each patient. 

In addition to modulating cytokine responses to 
surgical injury, anaesthesia may influence the activity 
of cytokines involved in coincidental pathophysio- 
logical processes. Many cytokines have been identi- 
fied as pivotal mediators in a wide range of chronic 
processes. Transforming growth factor-8 (TGF-f) 
may be unfamiliar to most anaesthetists, but is an 
example of a cytokine which is known to be vitally 
important in the pathogenesis of many long-term 
disorders, including wound healing, fracture healing 
and malignancy. When soft tissue is injured, TGF-B 
is released from degranulating platelets to trigger a 
cascade of events, including recruitment of inflam- 
matory cells, angiogenesis and the synthesis of 
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collagen.? Application of topical TGF-B promotes 
wound healing in a variety of animal models and the 
topical application of anti-TGF-B antibodies 
reduces cutaneous scarring.”° Interestingly, Amento 
and colleagues reported that a single dose of TGF-B 
administered systemically before wounding also 
enhanced healing.?! Thus, transient changes in con- 
centrations of TGF-8 may have effects on the long- 
term process of wound healing. If anaesthesia is 
shown to change TGF-B activity, even for a short 
albeit critical period, then it could indirectly influ- 
ence wound healing after surgery. TGF-B is also 
thought to contribute to fracture healing and embry- 
onic bone formation. Injections of TGF-8 onto the 
periostea of rat parietal bones induced new bone 
formation.?? 

Systemic administration of TGF-B protects 
against ischaemia. It was shown to have cardiopro- 
tective effects when administered after experimental 
myocardial infarction in rats.? Systemic adminis- 
tration of TGF-B in a model of splanchnic 
ischaemic—reperfusion injury was also shown to be 
protective.24 Growth of most epithelial and lym- 
phoid cells is inhibited by TGF-B. One postulated 
mechanism whereby cells undergo carcinogenic 
transformation and escape from normal growth con- 
trol appears to involve an altered response to the 
negative regulation of TGF-B. Studies on a TGF-B- 
responsive human colonic carcinoma cell line impli- 
cated TGF-B as an autocrine and paracrine negative 
regulator of growth, and suggest that loss of response 
to TGF-8 may contribute to tumour progression.”° 

Our understanding of cytokine biology is develop- 
ing rapidly. Knowledge as to the identification of 
patients who are prone to mounting abnormal 
cytokine responses, and the roles of cytokines in the 
pathogenesis of disease, is increasing at a phenome- 
nal rate. Anaesthesia must contribute to this exciting 
and expanding area of research. The study of how 
different anaesthetic agents and techniques affect 
cytokine concentrations and activity must continue. 
Certain agents and techniques could prove to be 
clinically useful in the modulation of cytokine 
activity in subjects who are high responders and also 
influence specific disease processes which are 
regulated by cytokines. Indeed, there may well be 
more to anaesthesia than sleep! 

G. R. MASTERSON 

J. M. HUNTER 
University Department of Anaesthesia 
Royal Liverpool University Hospital 
Prescot Street 
Liverpool L69 3BX 
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Sleep after laparoscopic cholecystectomy 


S. ROSENBERG-ADAMSEN, M. SKARBYE, G. WILDSCHI@DTZ, H. KEHLET AND J. ROSENBERG 


Summary 


The sleep pattern and oxygenation of 10 patients 
undergoing laparoscopic cholecystectomy were 
studied on the night before operation and the first 
night after operation. Operations were performed 
during general anaesthesia and postoperative anal- 
gesia was achieved without the administration of 
opioids. There were no significant changes in the 
total time awake or the number of arousals on the 
postoperative night compared with the night before 
operation. During the postoperative night, we found 
a decrease (P = 0.02) in slow wave sleep (SWS) with 
a corresponding increase in stage 2 sleep (P = 0.01). 
SWS was absent in four of the patients after opera- 
tion, whereas in six patients it was within the normal 
range (5-20% of the night). The proportion of rapid 
eye movement (REM) sleep was not significantly 
changed after operation. There were no changes in 
arterial oxygen saturation on the postoperative 
compared with the preoperative night. Comparison 
of our results with previous studies on SWS and 
REM sleep disturbances after open laparotomy, 
suggests that the magnitude of surgery or adminis- 
tration of opioids, or both, may be important 
factors in the development of postoperative sleep 
disturbances. (Br. J. Anaesth. 1996; 77: 572-575) 


Key words 
Sleep. Oxygen, 
laparoscopy. 


saturation. Hypoxaemia. Surgery, 


Sleep disturbances have been described after major 
abdominal surgery! and herniorrhaphy?®; the dis- 
turbances include decreases in total sleep time, pro- 
portion of rapid eye movement (REM) sleep and 
slow wave sleep (SWS). These changes are most 
pronounced on the first and second postoperative 
nights!, with a subsequent rebound on the follow- 
ing nights.! 356 The magnitude of surgery (the surgi- 
cal stress response), the surroundings (noise, nursing 
procedures, etc.), pain and administration of opioids 
are all factors that may influence postoperative 
sleep,’ but the relative importance of these factors is 
still unknown. 
The aim of this study was to evaluate postopera- 
tive sleep in patients undergoing minimally invasive 
‘surgery (laparoscopic cholecystectomy) without 
administration of opioids during the postoperative 
period. 


Patients and methods 


The study was approved by the local Ethics 
Committee and patients participated in the study 
after giving informed consent. We studied 10 
patients (eight females; median age 51 (range 
34-72) yr, weight 83 (55-105) kg and height 167 
(158-172) cm) undergoing laparoscopic cholecys- 
tectomy. None of the patients was receiving regu- 
lar medication before operation and exclusion 
criteria included known sleep apnoea syndrome, 
neurological, cardiac or respiratory diseases, 
oxygen administration during the study nights and 
use of sedatives or hypnotics during the past 
2 months at home or during hospitalization. 


` All patients underwent elective surgery with no 


recognized risk factors and received routine post- 
operative care. 

Anaesthesia was induced and maintained with 
thiopentone, isoflurane, low-dose fentanyl, midazo- 
lam, suxamethonium, atracurium and nitrous oxide 
in oxygen. After operation, including the first post- 
operative night, all patients received ibuprofen 600 
mg every 8 h. Opioids were not used for postopera- 
tive analgesia. 

Patients were studied in the surgical ward in a 
quiet single bedroom for 1 night before operation 
and on the first postoperative night, from 22:00 to 
06:00. For sleep staging, patients were monitored 
with a Somnolog System (Ventec Aps, Hellerup, 
Denmark)’ which records continuously the electro- 
encephalogram (EEG) (alpha and delta activity by 
one-channel EEG—a modified F3-A2 lead), 
electromyogram (EMG) (electrodes placed under 
the base of the mandible), single lead ECG, eye and 
hand movements (by movement sensors placed on 
the upper eyelid and dorsally on the proximal joint of 
the left index finger) and noise level (by a standard 
microphone placed 1 m above the patient’s head). 
Data were stored in the internal memory of the 
Somnolog with subsequent downloading to a 
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personal computer. The variables in the Somnolog 
were analysed manually for sleep stage using 6-s 
epochs throughout the night, according to the 
criteria of Rechtschaffen and Kales.®° 

During the study nights, arterial oxygen saturation 
(Spo,) was measured with a pulse oximeter (Nellcor 
N-200, Nellcor Inc., Pleasanton, CA, USA) with an 
adhesive finger probe.!° Spo, data were sampled at 
l-s intervals into a bedside personal computer with 
subsequent data print-out the following morning. 
Episodic hypoxaemia was defined as a decrease in 
oxygen saturation of more than 4% from baseline 
occurring within a 2-min period.!! Analysis of 
oximetry data was performed without knowledge of 
the sleep data except when calculating the frequency 
of hypoxaemic episodes during periods of REM 
sleep. 

For statistical analysis we used the Wilcoxon 
signed rank test. P < 0.05 was considered 
significant. Group data are given as median (range). 


Results 


Median duration of surgery was 85 (range 36-100) 
min. Duration of anaesthesia was 120 (75-140) min, 
during which the patients received a total of 1500 
(600-2000) ml of isotonic saline. During operation, 
patients received a total dose of fentanyl 0.4 
(0.25-0.50) mg. There was no correlation between 
fentanyl dose and magnitude of change in sleep 
pattern. None of the patients received perioperative 
blood tranfusions and none developed postoperative 
complications. 

There were no significant changes in the total time 
awake or the number of arousals on the postopera- 
tive night compared with the night before operation 
(table 1). During the postoperative night, we found a 
significant decrease in SWS (P = 0.02) with a corre- 
sponding increase in stage 2 sleep (P = 0.01). SWS 
was absent in four patients (fig.1), whereas in six 
patients SWS was within the normal range (5-20% 
of the night) on the postoperative night. The propor- 
tion of REM sleep was not significantly changed 
after operation (fig.1). One patient showed a 
postoperative increase in SWS and REM sleep 
(fig.1). 

Mean arterial oxygen saturation ey and 
number of desaturations were not significantly 
changed after operation (P = 0.2 and P = 0.5). In 
order to assess the relationship between postopera- 
tive REM sleep and episodic hypoxaemia, we used 
the previously defined index of hypoxaemic episodes 
during REM sleep for individual patients? ((number 
of hypoxaemic episodes in REM sleep divided by 
total number of hypoxaemic episodes) divided by 
(REM sleep time divided by total sleep time)) (table 
1). Thus an index of 1 indicates that the distribution 
of hypoxaemic episodes was equal between REM 
and non-REM sleep corrected for duration of REM 
sleep, and an index >1 indicates that episodic 
hypoxaemia was more frequent in REM than in non- 
REM sleep for that night. If the patient had no REM 
sleep on the study night, the index was 0. There were 
no significant changes in this index between the two 
study nights (P = 0.67). 
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Table 1 Sleep stages and arterial oxygen saturation (median 
(range)). *P<0.05 compared with preoperative night (Wilcoxon 
test). REM = rapid eye movement sleep; SWS = slow wave sleep; 
Sx = sleep stage x. 
Index of hypoxaemic episodes in REM? = 
No. of hypoxgemic episodes in REM sleep/ 
Total number of hypoxaemic episodes 














REM sleep time/Total sleep time 
Preoperative First postoperative 
night night 
Total time awake 

(% of night) 9 (0-33) 13 (0-38) 
REM sleep 

(% of night) 17 (10-31) 14 (0-31) 
S1 (% of night) 7 (0-15) 4 (1-7) 

S2 (% of night) 45 (28-63) 57 (41-72)* 
SWS (S3+S84) 

(% of night) 13 (2-27) 7 (0-13)* 
Arousals (n) 21 (8-34) 15 (7-100) 
Mean Spo, (%) 95 (94-98) 96 (93-96) 
Number of desaturations 

(n) 10 (2-19) 10 (1-51) 
Index of episodes in 

REM sleep 1 (0-4) 8 (0-51) 
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Figure 1 Individual values for the proportion of time spent in 
slow wave sleep (SWS) and rapid eye movement (REM) sleep 
on the preoperative and postoperative nights. Values are given 
as percentages of the study night. 


Discussion 


This study is the first to describe the sleep pattern 
after laparoscopic cholecystectomy. We found a 
slight decrease in SWS, but REM sleep on the 
first night after operation was unchanged. Also, 
arterial oxygen saturation (constant and episodic 
hypoxaemia) was unchanged. 

Postoperative sleep disturbances in patients 
undergoing non-cardiac surgery have been described 
after major abdominal surgery! and _ hernior- 
rhaphy.?° The investigators found a marked reduc- 
tion in SWS during the first 1—4 postoperative 
nights,!6 and in a previous study from our group, 
SWS was absent in all 10 patients on the first night 
after major abdominal surgery.? In our study there 
was only a slight decrease in SWS, and in six of our 
10 patients, SWS was within the normal range on 
the first night after operation. It may be argued that 
recovery from a “first night effect” with impaired 
sleep on the preoperative night might have con- 
tributed to the relatively small changes seen from the 
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preoperative (first night) to the postoperative night. 
However, we have shown previously that when 
monitoring surgical patients for 2 nights before oper- 
ation and with the same monitoring equipment and 
experimental set-up, a first night effect was not 
present.’ 

After major surgery, REM sleep is usually absent 
on the first and sometimes the second and third 
postoperative nights,!* followed by an increased 
duration of REM sleep and density (rebound) 
during the subsequent 2—4 nights.!35° In a previous 
study, performed after major abdominal surgery, 
there was a significant decrease from a median of 
17% to 5% in the proportion of REM sleep on the 
first night after operation.? In this study, however, 
there were no significant changes in the proportion 
of REM sleep after minimally invasive surgery. 

Our patients did not have decreased total sleep 
time. Previous studies in patients undergoing major 
abdominal surgery or herniorrhaphy have found that 
total sleep is reduced by up to 80% on at least one of 
the first postoperative nights,?46 and fragmented 
with numerous movement arousals and spontaneous 
awakenings.!2° In our study, however, patients were 
awake for a total of 13% (range 0-38%) of the first 
postoperative night, but without an increase in the 
number of arousals on the postoperative compared 
with the preoperative night (table 1). As sleep dura- 
tion and fragmentation are important determinants 
for the subjective restorative capability of sleep,!! our 
patients should have been less affected by their post- 
operative sleep changes than patients undergoing 
major abdominal surgery or herniorrhaphy, although 
we did not ask for subjective sleep quality. 

The clinical consequences of postoperative sleep 
changes are unknown, although there may be several 
potential important implications.” Experimental 
deprivation of SWS produces a feeling of physical 
discomfort,!* characterized by a depressive and 
hypochondriacal reaction.!? This may contribute to 
the feeling of fatigue in postoperative patients, 
although a relationship between postoperative sleep 
disturbances and postoperative fatigue has yet to be 
demonstrated.’ Postoperative REM sleep depriva- 
tion may be a factor in the development of postoper- 
ative impairment of mental function.!3 The 
postoperative rebound of REM sleep may contribute 
to the development of sleep-disordered breathing 
and nocturnal hypoxaemia,?57 as episodic hypox- 
aemia is more frequent in periods of REM rebound 
than during other sleep stages in the postoperative 
period.** Furthermore, postoperative REM sleep 
rebound may be associated with haemodynamic 
instability and increased mean arterial pressure.!4!5 
In the postoperative period, these haemodynamic 
changes may be related to hypoxaemic episodes,’ 
and the simultaneous decrease in myocardial oxygen 
supply (hypoxaemia) and increase in myocardial 
oxygen demand (tachycardia and hypertension) may 
lead to postoperative myocardial ischaemia!®!” and 
infarction. 

Several factors may contribute to the disturbed 
sleep in postoperative patients. The magnitude of 
surgery seems to be important, as the reduction in 
REM sleep, SWS and the lack of inherent 
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rhythmicity were more pronounced after major 
(gastrectomy or vagotomy) compared with minor 
(hernia repair) surgery.” In addition, morphine, in 
doses of 0.1 and 0.2 mg kg! i.m. in healthy volun- 
teers, disrupted sleep in a dose-dependent manner.!8 
There are no studies on the effect of systemic or 
extradural morphine on sleep in postoperative 
patients. 

This study has shown a slight decrease in SWS as 
the only significant sleep disturbance on the first 
postoperative night in patients undergoing mini- 
mally invasive surgery without administration of 
opioids during the postoperative period, thus sup- 
porting the hypothesis that the magnitude of surgery, 
administration of opioids, or both, may be important 
factors in the development of postoperative sleep 
disturbances. The anaesthetic technique per se does 
not appear to be an important factor as similar 
degrees of sleep disturbances have been found after 
general or regional anaesthesia for herniorrhaphy® or 
minor surgery.!9 A study in volunteers anaesthetized 
for 3 h with isoflurane found no significant disturb- 
ances in the post-anaesthetic sleep pattern other 
than a slight decrease in SWS on the first night”®; 
this is comparable with the sleep pattern in our 
patients after laparoscopic cholecystectomy. 
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Gasless laparoscopic cholecystectomy: comparison of postoperative 
recovery with conventional technique 


A.-M. KOIVUSALO, I. KELLOKUMPU AND L. LINDGREN 


Summary 


We have compared, in a randomized study in 26 
patients, immediate and late postoperative 
recovery after elective laparoscopic cholecystec- 
tomy using the gasless, mechanical abdominal 
wall lift method with conventional carbon dioxide 
pneumoperitoneum. After the gasless method, 
tracheal extubation was performed significantly 
earlier than after the conventional method (P < 
0.01). End-tidal carbon dioxide concentrations 
were significantly higher after pneumoperitoneum 
for 30 min after operation (P < 0.01). In the con- 
ventional group, deviation in Maddox—Wing 
recordings from preoperative values remained at a 
significantly higher level during the 3-h recovery 
room period (P < 0.01). There was a positive corre- 
lation between the total amount of carbon dioxide 
used and duration of drowsiness (r = 0.61, P < 
0.001) and the Maddox-Wing deviation (r = 0.62, P 
< 0.001). Postoperative nausea and vomiting, and 
right shoulder pain occurred less often after the 
gasless method (P < 0.05). Late recovery criteria 
(ability to drink, void and walk) in patients in the 
gasless group were fulfilled approximately 7 h 
earlier than in those in the pneumoperitoneum 
group (P < 0.01). Gasless laparoscopic cholecys- 
tectomy resulted in more uneventful and faster 
immediate and late postoperative recovery than 
conventional carbon dioxide pneumoperitoneum. 
(Br. J. Anaesth. 1996; 77: 576-580) 


Key words 
Surgery, laparoscopy. Complications, pneumoperitoneum. 
Recovery, postoperative. 


Laparoscopic cholecystectomy has rapidly replaced 
open cholecystectomy as a standard treatment of 
symptomatic gallstones. Laparoscopic cholecystec- 
tomy restores pulmonary function better and enables 
less painful recovery, shorter hospitalization and 
faster return to normal activities than open cholecys- 
tectomy.! Induction and maintenance of carbon 
dioxide pneumoperitoneum can, however, have 
serious adverse physiological effects.2-!! In addition 
to peroperative problems, postoperative sequelae are 
also seen not infrequently.” Insufflated carbon 
dioxide is absorbed into the circulation resulting in 
hypercapnia.!? Furthermore, lung ventilation is the 
only mechanism for elimination of carbon dioxide. 


After conventional laparoscopic cholecystectomy, 
postoperative nausea and vomiting (PONV) have 
been reported in up to 68% of patients.!3'4 After 
laparoscopic cholecystectomy with combined low- 
pressure pneumoperitoneum and abdominal wall 
lift, the incidence of PONV was 8%.° In addition, 
postoperative drowsiness was also of significantly 
longer duration and right shoulder pain occurred 
more often after conventional carbon dioxide pneu- 
moperitoneum.? Also, the more carbon dioxide used 
the more restless were patients in the recovery room. 

Therefore, we evaluated to what extent a totally 
gasless method for laparoscopic cholecystectomy 
would affect the quality of immediate and late 
postoperative recovery. 


Patients and methods 


We studied 26 ASA I-II patients undergoing elective 
laparoscopic cholecystectomy. The study was 
approved by the local Ethics Committee and 
informed consent was obtained. Patients were allo- 
cated randomly to one of two groups. Patients in one 
group underwent laparoscopic cholecystectomy with 
conventional pressure pneumoperitoneum (CPP 
group) (intra-abdominal pressure (AP) 12-15 mm 
Hg) with room temperature carbon dioxide insuffla- 
tion. In the other group, a retractor (Laparolift TM, 
Origin Medsystems Inc., USA) (fig. 1) was used to 
elevate the abdominal wall upwards by 10-15 cm.}5 
No carbon dioxide was used (retractor group). All 
operations were performed by the same experienced 
senior surgeon (I. K.). 

Patients were premedicated with oral diazepam 
0.2 mg kg~! approximately 60 min before arrival in 
the operating theatre. Glycopyrronium 3 pg kg™! 
was given i.v. to all patients. Fluid administration of 
Ringer’s acetated solution and hydroxyethyl starch 
(Plasmafusin, Pharmacia AB, Sweden) was stan- 
dardized. Anaesthesia was induced with alfentanil 20 
wg kg~! and propofol 1.6-2.5 mg kg~!. Alfentanil 20 
ug kg! was given before the start of surgery in all 
patients. Neuromuscular block was provided with 
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Recovery after gasless laparoscopy 





Figure 1 Schematic illustration of the retractor method. 


atracurium and was monitored using the train-of- 
four technique. If the surgeon complained of stiff- 
ness of the abdominal muscles an additional bolus of 
atracurium 10 mg was given. Anaesthesia was main- 
tained with desflurane at an end-tidal concentration 
of 6.1% (1 MAC) and oxygen in air (Fip, 0.4). No 
nitrous oxide was used. The lungs of all patients 
were ventilated mechanically at 10 bpm (Servo 900 
C, Siemens Anmedic, Elema Schénander, Sweden). 
If needed, minute volume of ventilation was 
increased to maintain end-tidal carbon dioxide con- 
centration at 4.5-5.0% (AS /3, Datex Ltd, Finland). 
Analgesia was achieved with an infusion of alfentanil 
10-200 pg kg™! h7! titrated to avoid increases in 
arterial pressures of more than 20% from the pre- 
anaesthetic value. The total amount of alfentanil 
used during anaesthesia was noted and neuro- 
muscular block was not antagonized with neostig- 
mine. After operation, patients were allowed to 
breathe spontaneously and the trachea was extu- 
bated when breathing was regular, end-tidal carbon 
dioxide was decreasing and laryngeal refiexes had 
recovered. In all patients, end-tidal desflurane was 
1% or less at the time of extubation. The time inter- 
val from extubation until patients responded to com- 
mands and gave their date of birth was recorded. 
After operation patients were followed up for 3 h in 
the recovery room. Abdominal pain at rest and 
during coughing, and right shoulder pain were 
assessed using a verbal rating scale (0-3). If the pain 
score was 2 or more the patient received oxycodone 
0.07 mg kg”! iv. If the pain score remained 2 or 
more for more than 15 min the dose of oxycodone 
was repeated and ketorolac 30 mg i.v. was given. 
End-tidal carbon dioxide concentration was recorded 
after 1 deep breath hourly using a nose catheter 
(Cardiocap, Datex Ltd, Finland). Sedation was 
scored : 0 = fully awake, 1 = sedated, responding to 
commands, 2 = hardly responding to commands, 3 
= not responding to commands. Restlessness was 
scored : 0 = calm, 1 = little movements all the time, 
2 = needs someone to sit beside, 3 = needs sides for 
the bed. Drowsiness was scored : 0 = brisk, 1 = little 
tired, 2 = likes to sleep, 3 = does nothing but sleeps. 
Ascore of 2 or more was considered as sedation, rest- 
lessness or drowsiness. Duration of drowsiness and 
PONV were observed. Only vomiting was treated 
with droperidol 0.625 mg i.v. The baseline 
Maddox—Wing ocular test was performed on the day 
before operation after careful explanation of the use 
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of the instrument to the patient.!® Postoperative tests 
were performed hourly during the 3-h recovery room 
stay. Changes in the Maddox—Wing recording from 
the preoperative value were noted. All postoperative 
recordings were performed by a trained nurse 
unaware of the method used during operation. 

Late recovery was recorded as the interval from 
tracheal extubation to the moment the patient was 
voluntarily able to void, drink and walk. 

Patients were interviewed on the first day after 
operation, with special reference to pain and its loca- 
tion and PONV. All drugs needed during the first 
27 h after operation were noted. 


STATISTICAL ANALYSIS 


Data within a group were analysed using one-way 
analysis of variance (ANOVA) with PLSD correc- 
tion (least significant test). The differences between 
the two groups were analysed using two-way 
ANOVA with PLSD correction or Fisher’s exact test 
for small groups.!? Calculations were performed 
using Stat View 512 + TM software (Brain Power 
Inc., Calabasas, CA, USA). Correlations between 
the total amount of carbon dioxide and deviation in 
Maddox—Wing recordings from preoperative value 
and between duration of drowsiness were calculated. 
Data are expressed as mean (SD). P < 0.05 was 
considered statistically significant. 


Results 


The two groups were comparable in age, height, 
weight, ASA status and sex. Duration of operation 
was 108 (28) min in the retractor group and 85 (25) 
min in the CPP group (P < 0.05). Total amount of 
carbon dioxide was 55 (34) litre in the CPP group 
whereas in the retractor group carbon dioxide was 
not used (P < 0.001). Total amounts of alfentanil 
and propofol used were comparable in the two 
groups: in the retractor group 84 (70) pg kg@! and 
2.3 (0.6) mg kg™!, respectively, and in the CPP 
group, 104 (76) pg kg™? and 2.1 (0.4) mg kg™!, 
respectively (ns). Atracurium was needed signifi- 
cantly more in the retractor group (1.0 (0.1) mg 
kg!) than in the CPP group (0.8 (0.2) mg kg™?) 
(P < 0.05) (table 1). 

Patients in the retractor group fulfilled the extuba- 
tion criteria 10 (4) min after discontinuation of des- 
flurane. This value was 23 (15) min in the CPP 


Table 1 Patient characteristics, surgical and anaesthesia data 
(mean (SD or range) or number). CPP = Conventional pressure 
pneumoperitoneum. *P < 0.05, ***P < 0.001 between groups 





Retractor group CPP group 

(n=13) (n=13) 
Age (yr) 41 (27-59) 47 (27-73) 
Height (cm) 167 (8) 167 (6) 
Weight (kg) 70 (13) 72 (15) 
ASA I/II 9/4 9/4 
Sex (F/M) 12/1 12/1 
Duration of op. (min) 108 (28)* 85 (25) 
Total amount of CO, (litre) rex 55 (34) 
Atracurium (mg kg~!) 1.0 (0.1)* 0.8 (0.2) 
Alfentanil (ug kg~) 84 (70) 104 (76) 
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Table 2 Postoperative characteristics (mean (SD)). *P < 0.05, 
**P < 0.01 between groups 


Retractor group CPP group 








(n=13) (n=13) 
Extubation after discontinuation 
of anaesthetic (min) 11 (4)** 23 (15) 
Skills after extubation 
Co-operation (min) 0.4 (0.4) 3 (4) 
Orientation (min) 1 (1) 5 (11) 
Able to (h) 
Drink 9 (5) 12 (7) 
Void 10 (4) 14 (5) 
Walk 11 (5)** 18 (4) 
Duration of drowsiness (min) 31 (61) 82 (76) 
Number of patients with 
Right shoulder pain 1* 7 
Vomiting 1* 8 
Doses of oxycodone per patient 
During the first 3 h 2.5 (1.3) 2.1 (1.7) 
During the next 24h 1.7 (1.1) 1.2 (1.2) 
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Figure2 End-tidal carbon dioxide concentration (BE'co, during 
the 3-h recovery room period in the retractor (C) and CPP ($) 
groups. *P < 0.05, **P < 0.01. 


group (P < 0.01). Patients in the retractor group 
responded to commands 0.4 (0.4) min and gave 
their date of birth 1 (1) min after extubation. These 
values were 3 (4) min and 5 (11) min, respectively in 
CPP group (ns) (table 2). 

End-tidal carbon dioxide values in the retractor 
group were significantly lower compared with those 
in the CPP group during the first 30 min after 
operation (fig. 2). 

The Maddox—Wing test was recorded in 19 of 26 
patients as the remainder were unable to see without 
spectacles. The deviation in Maddox—Wing record- 
ing from the preoperative value was significantly 
lower in the retractor group than in the CPP group, 
2 h after operation (P < 0.01) (fig. 3). There was a 
positive correlation between the total amount of 
carbon dioxide used and deviation in Maddox—-Wing 
values during the 3-h recovery room period (table 3). 

Two patients in the CPP group were so restless 
that they needed sides for their beds. Amount of 
carbon dioxide used during operation in these 
patients was 103 and 40 litre. These two patients 
and one patient who needed 47 litre of carbon 
dioxide during operation were sedated (score >2) 
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Figure 3 Deviation in Maddox—Wing recording from the 
preoperative value during the recovery room period in the 
retractor (O) and CPP (@) groups. **P < 0.01. 


Table 3 Correlation between the total amount of carbon 
dioxide used during laparoscopic cholecystectomy and the 
deviation of the Maddox—Wing test from the preoperative values 
for 3 h after operation 








Time after arrival at recovery Correlation 
room coefficient P 
Immediately 0.39 ns 
30 min 0.55 <0.01 
60 min 0.5 <0.01 
120 min 0.5 <0.01 
180 min 0.62 < 0.001 
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Figure 4 Correlation between duration of drowsiness and total 
amount of carbon dioxide used during laparoscopic 
cholecystectomy. r = 0.61, P< 0.01. 


for the 3-h recovery room period. None of the 
patients in the retractor group was restless or 
sedated. 

Postoperative drowsiness lasted 31 (61) min in the 
retractor group and 82 (76) min in the CPP group 
(ns). There was a correlation between duration of 
drowsiness and total amount of carbon dioxide used 
(r = 0.61, P< 0.001) (fig. 4). In those three patients 
who were drowsy during the recovery room period, 
the total amount of carbon dioxide used during 
laparoscopy was more than 60 litre. 


Recovery after gasless laparoscopy 


Pain scores and location of the pain during the 
3-h recovery room period were similar in both 
groups. There was no difference in the need for 
analgesics between groups. 

In the recovery room, two patients in the retractor 
group and five patients in the CPP group needed 
droperidol for vomiting. During the next 24 h, the 
groups did not differ in the need for oxycodone 
(table 2) or ketorolac. 

On the first day after operation one patient in the 
retractor group and seven patients in the CPP group 
suffered from right shoulder pain (P < 0.05). On the 
first day after operation, eight of 13 patients (62%) 
in the retractor group described pain in the abdomen 
“like tenderness after a hard muscle work-out”. Pain 
was unpleasant but not unbearable. 

During the next 24 h, one patient in the retractor 
group and eight patients in the CPP group suffered 
from vomiting (P < 0.05). 

Patients in the retractor group were able to drink 
9 (5) h after tracheal extubation. In the CPP group 
this value was 12 (7) h (ns). The interval from extu- 
bation to ability to void were 10 (4) h and 14 (5) b, 
respectively (ns). Patients were able to walk 11 (5) h 
after extubation in the retractor group and 18 (4) h 
in the CPP group (P < 0.01). In total, seven patients 
in the retractor group and one in the CPP group ful- 
filled the late recovery criteria!® on the evening of the 
day of operation (P < 0.05) (table 2). 

There were no perioperative surgical complica- 
tions. 


Discussion 


In this study we have shown that postoperative 
recovery after laparoscopic cholecystectomy was 
faster and more uneventful when exogenous carbon 
dioxide was not used. In patients with the gasless 
method, the trachea was extubated earlier than in 
those with pneumoperitoneum. They were more 
often free from PONV and were able to walk earlier 
than patients after carbon dioxide insufflation. 

Atracurium was needed more in the retractor 
group. This was probably because of the additional 
need for total relaxation of the abdominal muscles 
when the abdominal wall was lifted upwards with a 
force of 10-15 kg. Distension of the abdominal 
muscles might be painful and explain the similar 
need for peroperative alfentanil in the two groups. 
With the conventional method, the need for alfen- 
tanil can be explained by the release of endogenous 
catecholamines.!! 

In our study the duration of drowsiness correlated 
with the total amount of carbon dioxide used. 
Exogenous carbon dioxide is absorbed into circula- 
tion from the peritoneal cavity during operation and 
is exhaled via the lungs; this increased end-tidal 
carbon dioxide concentration occurred in our con- 
ventional pressure pneumoperitoneum group up to 
l h after operation. Retention of carbon dioxide 
might be one reason for prolonged drowsiness. 
When carbon dioxide is exhaled through the lungs, 
increased ventilatory drive is needed. In our patients, 
peroperative infusion of alfentanil was needed for 
attenuation of the circulatory response to carbon 
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dioxide insufflation, and ventilation was probably 
inhibited by the residual effects of alfentanil 
infusion.!9 

The degree of divergence of the small eye muscles 
measured with the Maddox—Wing device has been 
found to correlate closely with clinical recovery of 
patients from general anaesthesia.!© The Maddox- 
Wing tests in our patients returned earlier to the 
baseline level after the retractor method. Because 
there was a positive correlation between total carbon 
dioxide used during operation and changes in the 
Maddox-Wing test, it is probable that the slower 
recovery of divergence of eye muscles was attributed 
to the insufflated carbon dioxide. Thus exogenous 
carbon dioxide may significantly affect progress in 
early recovery. 

PONV occurred significantly more often in 
patients with carbon dioxide insufflation. Carbon 
dioxide is a potent vasodilator of cerebral vessels. 
Increased intracranial blood flow has been seen 
during laparoscopic procedures.???! Increased 
intracranial pressure is known to cause nausea and 
vomiting”? which may be one reason for PONV in 
our and in earlier studies.!3!4 Higher end-tidal 
carbon dioxide concentrations during the 3-h 
recovery room period in our pneumoperitoneum 
group may also reflect higher concentrations of 
carbon dioxide in cerebral blood contributing to the 
occurrence of PONV. Also, alfentanil causes nausea 
and vomiting.?3 

Seven patients in the pneumoperitoneum group 
and only one in the retractor group suffered from 
right shoulder pain, which is referred pain caused by 
distension of the right phrenic nerve. Pain in some 
patients may be severe enough to warrant opioids.4 
In our study, however, the retractor method did not 
totally abolish right shoulder pain, probably because 
of diaphragmatic stretching produced by the 
retractor. 

Our patients with the gasless method fulfilled the 
criteria for late recovery 7 h earlier than those with 
carbon dioxide pneumoperitoneum. These criteria 
are commonly accepted for discharge home.!® More 
than 50% of patients with the gasless method could 
be discharged home on the evening of the operation 
whereas only one patient with carbon dioxide insuf- 
flation fulfilled these criteria. Eight patients (62%) in 
the pneumoperitoneum group needed droperidol for 
vomiting and required an overnight stay in hospital. 

In principle, patients after laparoscopic cholecys- 
tectomy can be discharged from hospital on the 
evening of surgery.? However, the use of insufflated 
carbon dioxide may make this impossible. We sug- 
gest that the mechanical abdominal lift method with- 
out carbon dioxide insufflation for laparoscopic 
cholecystectomy may be the method of choice when 
considering laparoscopic cholecystectomy on a 
day-case basis. 
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Haemodynamic and metabolic response to endovascular repair of 


infra-renal aortic aneurysms 


. 


B. R. 
B. R. HOPKINSON 


Summary 


We have examined whether or not endovascular 
insertion of a bifurcated aorto-iliac graft resulted in 
greater intraoperative haemodynamic and meta- 
bolic stability than that achieved during conven- 
tional open graft placement. We studied 20 
patients prospectively during surgery for asympto- 
matic infra-renal aortic aneurysm. All patients 
received the same anaesthetic technique. Haemo- 
dynamic data were collected continuously using 
indwelling radial artery and pulmonary artery 
catheters, allowing calculation of mean arterial 
pressure (MAP), cardiac output (CO) and systemic 
vascular resistance (SVR). Blood samples were 
obtained for measurement of serum lactate con- 
centrations. Variables were compared within each 
group before and after specific critical events, 
namely occlusion of femoral or aortic blood flow, 
or both, and sequential reperfusion of each lower 
limb. Patients undergoing open repair showed sig- 
nificant changes in CO, MAP and SVR related to 
aortic cross-clamping and lower limb reperfusion, 
and a significant increase in blood lactate concen- 
tration after distal tissue reperfusion. The only sig- 
nificant changes during endovascular repair were 
a transient increase in SVR secondary to applica- 
tion of the femoral artery clamps, and sequential 
decreases when each limb was reperfused. 
Endovascular aneurysm repair imposed signifi- 
cantly less intraoperative haemodynamic and 
metabolic stress on the patient compared with 
conventional open surgery. (Br. J. Anaesth. 1996; 
77: 581-585) 


Key words 
Surgery, vascular. Arteries, aorta. Cardiovascular system, 
effects. Metabolism, lactate. 


Elective repair of abdominal aortic aneurysms 
(AAA) by conventional surgery is associated with a 
mortality of 5—-10%, although particular factors such 
as age and extent of co-existing systemic disease may 
place patients at much greater risk, even to the 
extent of denying them surgery. Myocardial infarc- 
tion (MI) is responsible for 40-70% of this 
mortality,! with infarction within the 6 months 
preceding surgery and the presence of congestive 
cardiac failure representing the two most consistent 
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preoperative predictors of perioperative cardiac 
morbidity. Endovascular repair of AAA is a tech- 
nique developed to allow exclusion of the aneurysm 
from the circulation by means of a transfemoral 
approach. Early experiences with endovascular graft 
insertion have been reported from Nottingham and 
other centres.?~# This technique offers several poten- 
tial advantages over conventional (open) repair, 
including a surgical approach via groin incisions 
rather than laparotomy, avoidance of retroperitoneal 
dissection and a much briefer period of abrupt aortic 
occlusion during placement of the graft. These theo- 
retical advantages are likely to be of benefit to the 
patient only if they are accompanied by a reduction 
in the haemodynamic and metabolic stresses 
imposed by surgery, although the association 
between these intraoperative improvements and a 
reduction in postoperative morbidity and mortality 
may only become apparent by studying large 
numbers of patients. 

We have compared specific intraoperative haemo- 
dynamic and metabolic variables in two groups of 
patients undergoing repair of infra-renal AAA by 
either open or endovascular surgical techniques. 


Patients and methods 


After obtaining approval from the hospital Ethics 
Committee, we studied 20 consecutive adult 
patients undergoing repair of an infra-renal AAA. 
Ten patients were selected for insertion of a bifur- 
cated “Chuter” graft by the endovascular technique 
(endovascular group), with the other 10 patients 
undergoing conventional graft insertion (open 
group). Selection into the endovascular group was 
based primarily on radiographic criteria using cali- 
brated aortic angiography and spiral computed 
tomograms.* This was to ensure that the aneurysm 
morphology was suitable for the technique, that is a 
maximum aneurysm proximal neck diameter of 2.5 
cm and common iliac diameter of 1.5 cm, minimum 


B. R. BAXENDALE, FRCA (University Department of Anaesthesia); 
D.M. BAKER, FRCS, P. W. WENHAM, FRCS, B. R. HOPKINSON, 
FRCS (Department of Vascular Surgery); A. HUTCHINSON, PRCA 
(Department of Anaesthesia); University Hospital, Queen’s 
Medical Centre, Nottingham NG7 2UH. T. A. M. CHUTER, 
FRCS, Division of Vascular Surgery, University of California, San 
Francisco, CA, USA. Accepted for publication: July 17, 1996. 
Correspondence to B. R. B. 


582 


neck length of 1.5 cm from the origin of the more 
distal renal artery and relatively non-tortuous iliac 
artery to permit introduction of the 22-Fr delivery 
system. Preoperative assessment was standard in 
both groups, including height, weight, cardiac and 
pulmonary function and risk factors, hepatic and 
renal function, and diabetic status. All patients 
underwent transthoracic echocardiography and 
spirometry, and had measurement of arterial blood- 
gas tensions while breathing room air. 

All patients were premedicated with temazepam 
20 mg orally. A standard anaesthetic technique was 
used for both groups: i.v. induction with etomidate 
0.3 mg kg~!, maintenance with isoflurane and 66% 
nitrous oxide in oxygen, vecuronium to facilitate 
tracheal intubation and subsequent ventilation of the 
lungs, and repeated increments of fentanyl 1-3 pg 
kg~! for analgesia. No regional anaesthetic tech- 
nique was used during the intraoperative period. 
Monitoring included continuous 5-lead electrocar- 
diogram with ST-segment analysis on lead II, and 
continuous inspired and expired gas analysis for 
measurement of oxygen, nitrous oxide, carbon 
dioxide and isoflurane concentrations. Direct con- 
tinuous measurement of arterial pressure was under- 
taken via a radial artery cannula, and a pulmonary 
artery catheter was sited to measure central venous 
and pulmonary artery wedge pressures. Cardiac 
output (CO) and systemic vascular resistance (SVR) 
were calculated at 30-s intervals and displayed on a 
Baxter Vigilance Monitor (Model VMS) attached to 
the pulmonary artery catheter. 

For the endovascular procedure both common 
femoral arteries were exposed and heparin 10 000 u. 
administered i.v. before making bilateral arteri- 
otomies to gain access to the lumen. At this stage 
both femoral arteries were cross-clamped. A trans- 
femoral catheter was introduced from the left 
femoral artery and passed over the aortic bifurcation 
and pulled out of the right femoral arteriotomy with 


Table Patient data (mean (range) or number of patients) 
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the assistance of a stone retrieval basket. The 
delivery system comprising an inner shaft and an 
outer sheath containing the graft and stent was intro- 
duced via the right femoral arteriotomy. Particular 
care was required in deploying the top stent between 
the renal artery and the aneurysm neck, which was 
achieved by withdrawing the outer sheath while the 
inner shaft was stabilized in the correct position 
assessed by angiographic screening. Complete with- 
drawal of the outer sheath exposed a catheter 
attached to the left limb of the graft, which was sub- 
sequently sutured to the transfemoral catheter. The 
left graft limb was guided into the left iliac artery as 
the transfemoral catheter was withdrawn out of the 
left femoral arteriotomy. After deployment of both 
graft limbs, Wallstents (Schneider Ltd) were used to 
provide additional support. At this stage the femoral 
artery cross-clamps were removed sequentially and 
haemostasis secured. 

Intravascular volume was supplemented if 
required with 0.9% sodium chloride solution and 
modified 4% gelatin solution, volumes administered 
being guided by reference to the pulmonary artery 
wedge pressure. If estimated blood loss exceeded 
20% of the calculated blood volume, red cell prepa- 
rations were transfused to replace further losses. 
Neither group received i.v. mannitol, dopamine or 
any specific vasoconstrictors, vasodilators or other 
inotropic support during surgery. The endovascular 
group received 300-500 ml of non-ionic contrast 
medium during surgery to allow digital subtraction 
imaging which ensured accurate deployment of the 
prosthesis. 

Baseline haemodynamic values were obtained 
after general anaesthesia had been established, 
before any surgical intervention. Haemodynamic 
data were collected also throughout surgery with 
particular reference to a number of critical events: 
immediately before and after femoral artery clamp- 
ing (in the endovascular group), immediately before 


Open group (n=10) Endovascular group (n=10) 





Age (yr) 

Weight (kg) 

Sex (M/F) 

Cardiovascular pathology (see below) 

Respiratory pathology 

Renal impairment (serum creatinine > 150 pmol litre~!) 


72.9 (64-83) 68.5 (55-81) 
77.5 (61-95) 77.3 (58-98) 
9/1 9/1 
4 6 
0 0 
2 1 


Cardiovascular pathology (Goldman’s risk factors in bold!5) 


Bach patient is listed numerically. Concurrent cardiovascular medication is shown in parentheses 


Open group 


1. Echocardiograph: segmental wall dyskinesia, but overall, left ventricular function reasonable 
2. Paroxysmal supraventricular tachycardia (flecainide) 
3. Coronary artery bypass grafts (CABG) 3 months previously 


4. Hypertension (atenolol) 
Endovascular group 


l. Atrial fibrillation (AF), hypertension, CABG 3 years previously (atenolol) 
2. AF, controlled congestive cardiac failure (CCF), myocardial infarct (MI) 3 years previously, 
angina, hypertension (isosorbide mononitrate (ISMN), diltiazem, GTN patch, enalapril, 


frusemide) 


3. MI 1 year previously, angina, echocardiograph: segmental wall dyskinesia, but overall left 
ventricular function good (ISMN, nifedipine, atenolol) 


Hypertension (atenolol) 
MI 5 years, hypertension (atenolol) 
Hypertension (nifedipine) 


oye 
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Table 2 Intraoperative details (mean (range)). Data were compared between groups using the unpaired Student’s t 
test. *Open group: time from placement of the aortic cross-clamp until subsequent reperfusion via each prosthetic 
graft limb; endovascular group: time from placement of each femoral artery clamp until its subsequent release after 


prosthetic graft insertion 








Open group Endovascular group P 

Duration of surgery (min) 134.5 (112-192) 142.5 (115-210) ns 
Duration of complete aortic occlusion (min) 52.1 (40-80) 9.2 (6-15) <0.01 
Duration of distal tissue ischaemia* (min) 

First limb 52.1 (40-80) 112.5 (85-160) <0.01 

Second limb 73.5 (53-100) 119.5 (94-166) <0.01 
Blood loss (ml) 1403 (680-2400) 515 (300-750) <0.01 
Fluids administered (ml) 

Crystalloid 2200 (2000-3000) 1690 (1500-2000) ns 

Colloid 950 (500-1000) 550 (0-1000) <0.01 

Red cell preparations 1190 (0-2800) 245 (0-1050) <0.001 

Contrast media Nil 350 (300-500) 


and after aortic occlusion, and before and after 
reperfusion of the first and then the second limb. 
Blood lactate concentrations were measured in both 
groups at the same times, with samples obtained in 
sodium fluoride/potassium oxalate bottles and refrig- 
erated until analysis. Haemodynamic variables and 
blood lactate concentrations were compared within 
each group during the course of surgery using 
ANOVA and Student’s paired rt test (P < 0.05). 
Comparison of blood lactate concentrations was also 
made between the groups using the Student’s 
unpaired t test (P < 0.05). 


Results 


Patient data for the two groups are summarized in 
table 1. Details of the duration of surgery, aortic 
occlusion time, femoral artery clamp time and blood 
loss are shown in table 2. No patient in the endovas- 
cular group required conversion of the technique to 
an open procedure. 

Changes in haemodynamic variables during 
surgery are shown in figures 1-3. On cross-clamping 
the aorta in the open group, there were significant 
increases in mean arterial pressure (MAP) from a 
mean value of 98 (SEM 6) to 115 (9) mm Hg, and 
SVR from 2413 (189) to 2660 (204) dyn s cm™5, 
with CO decreasing from 3.8 (0.4) to 3.0 (0.5) litre 
min™!. There were no significant changes in the 
endovascular group when deploying the proximal 
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Figure 1 Intraoperative changes (mean, SEM) in mean arterial 
pressure (MAP) in the open (O) and endovascular (#) groups. 
Point A = baseline value for each group. A+B = before and 
after femoral artery clamping (no data point at B in the open 
group); C>D = before and after aortic flow occlusion; E>F = 
before and after reperfusion of the first limb; G-+H = before and 
after reperfusion of the second limb. *P<0.05 compared with 
previous datum point (“within-group comparison” using paired 
Student’s t test). 


end of the stent within the aorta. However, the 
endovascular group demonstrated a significant 
increase in SVR from 2280 (196) to 2485 (240) dyn 
s cm? related to occlusion of blood flow through 
both femoral arteries. Femoral artery occlusion did 
not result in significant changes in MAP or CO. 

On reperfusing the first limb, the open group 
demonstrated significant decreases in MAP from 89 
(4) to 61 (3) mm Hg, and SVR from 2327 (146) to 
1686 (153) dyn s cm, without significant changes 
in CO. Reperfusion of the second limb caused a 
further significant decrease in SVR from 1919 (182) 
to 1586 (152) dyn s cm~3, while MAP and CO 
remained relatively stable. The only significant 
changes in the endovascular group were a decrease 
in SVR from 2104 (167) to 1960 (184) dyn s em=5 
when reperfusing the first limb, with a more marked 
decrease in SVR from 2039 (227) to 1673 (209) dyn 
s cm > when the second limb was reperfused. Blood 
lactate concentrations did not change significantly in 
either group before reperfusion of distal tissue (fig. 
4). Immediately after reperfusing the first limb in the 
open group, blood lactate concentrations increased 
from 1.6 (0.2) to 2.4 (0.4) mmol litre! , with a 
further increase from 2.2 (0.3) to 2.9 (0.4) mmol 
litre"! when the second limb was reperfused. There 
were no significant changes in blood lactate concen- 
trations in the endovascular group during reperfu- 
sion of either limb. 

Two patients in the open group had episodes of 
fast atrial fibrillation (ventricular response greater 
than 120 beat min~!) in the first 24-h postoperative 
period, each requiring pharmacological intervention. 
There was no significant cardiac morbidity in the 
first 30 days after operation in the endovascular 












7 45 

= 

E 4 

g -E 
= 35 Ns * é 

= 

3 

B 3 

2 

o 

g 25 

2 

Qe 22 T TT T na eae 


A B Cc D E F G H 


Figure2 Intraoperative changes (mean, SEM) in cardiac output 
(CO) in the open (0) and endovascular ( ¢) groups. Legend and 
X axis categories are the same as in figure 1. 
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Figure 3 Intraoperative changes (mean, SEM) in systemic 
vascular resistance (SVR) in the open (0) and endovascular (#) 
groups. Legend and X axis categories are the same as in figure 1. 


group. There was no cardiac mortality in either 
group during the same period. 


Discussion 


We have demonstrated that endovascular exclusion 
of infra-renal AAA is associated with fewer acute 
haemodynamic and metabolic changes in the intra- 
operative period compared with conventional 
surgery. Cardiovascular and metabolic variables are 
known to alter significantly during open repair 
because of abrupt occlusion of blood flow via the 
aorta caused by cross-clamping, and again when 
perfusion to the distal tissues is re-established. 

Previous studies examining the haemodynamic 
changes during open repair of AAA have identified 
aortic cross-clamping as one of the critical intraoper- 
ative events, producing up to a 35% decrease in car- 
diac index and stroke volume, a significant increase 
in MAP, and a 40% increase in SVR.°? Similar 
changes were observed in patients in our open 
group, with SVR increasing by nearly 11%, MAP 
increasing by 19% and CO decreasing by 21%. The 
equivalent stage of surgery in the endovascular group 
was taken to be during deployment of the proximal 
end of the graft and stent within the aorta. This pro- 
duced occlusion to aortic flow until the ipsilateral leg 
of the graft was opened, but this period of complete 
occlusion lasted for a mean of 9.2 min, significantly 
less than the 52.1 min during open procedures. 
Patients in the endovascular group showed greater 
haemodynamic stability during this period, with pre- 
dictable but non-significant changes in all variables 
measured. Several reasons for this may be suggested, 
in addition to reduction in complete occlusion time. 
The action of aortic occlusion may have been associ- 
ated with less notable changes in cardiac output 
because these patients had already been subjected to 
prior application of bilateral femoral artery clamps, 
after which a 22-Fr delivery system was present con- 
stantly within the distal aorta and common iliac 
artery, producing an increase in resistance to blood 
flow. At the time of proximal graft/stent deployment, 
we conclude that the endovascular technique 
resulted in a less profound increase in myocardial 
afterload and a less marked reduction in preload, 
both of which have been implicated in the changes 
seen with aortic cross-clamping during conventional 
surgery. 

Patients in the endovascular group showed a sig- 
nificant increase in SVR secondary to femoral artery 
clamping during the initial stage of surgery. 
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Figure 4 Intraoperative changes (mean, SEM) in blood lactate 
concentration in the open (O) and endovascular (#) groups. 
Legend and X axis categories are the same as in figure 1. 

**P < 0.05 (between-group comparison using unpaired 
Student’s t test). 


Although there was an associated decrease in CO 
and increase in MAP, neither change was statistically 
significant. Subsequent to femoral artery clamping, 
an angiographic catheter was introduced to allow 
intraoperative identification of the aneurysm mor- 
phology. During this stage SVR returned to baseline 
values, implying that femoral artery clamping pro- 
duced a transient effect on the haemodynamic pro- 
file, which was relatively non-significant in clinical 
terms. After positioning the angiographic catheter, 
the wide-bore co-axial delivery system containing 
the graft and stents was introduced unilaterally via 
the femoral and common iliac artery and fed into the 
aorta beyond the neck of the aneurysm. This stayed 
in place until the prosthesis was ready for deploy- 
ment. No significant haemodynamic disturbance 
resulted from this procedure. No comparative data 
from the open group were available during this period 
because of the differences in surgical technique. 

Re-establishment of blood flow to tissues distal to 
an arterial clamp site has two effects: first, decrease 
in SVR as a result of perfusion of a maximally 
vasodilated vascular bed; second, return to the circu- 
lation of vasoactive metabolic products which have 
accumulated within the ischaemic tissue. Patients 
undergoing conventional surgery in our study 
demonstrated marked haemodynamic changes when 
the distal tissues were reperfused. Re-establishment 
of blood flow through the first graft limb produced 
significant decreases in MAP and SVR, with a 
further decrease in SVR when the second limb was 
reperfused. Cardiac output increased during these 
events, although this was not significant, presumably 
to compensate to some degree because of mainte- 
nance of an adequate left ventricular preload during 
this period. There was a marked increase in blood 
lactate concentration in the open group on reperfu- 
sion of each limb; reperfusion of the second limb 
resulted in a 114% increase compared with the 
baseline value. 

In contrast, patients in the endovascular group 
showed a small but significant decrease in SVR after 
release of the first femoral clamp, but with rapid 
recovery towards the pre-release value. A more 
marked decrease was apparent on release of the 
second clamp. Each occasion was associated with 
non-significant changes in MAP and CO. These 
results suggest that sequential reperfusion via each 
femoral artery re-opens a vascular compartment 
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sufficient to decrease afterload significantly, but the 
patient is able to compensate by modest changes in 
CO, so preventing a clinically significant alteration 
in MAP. The endovascular group demonstrated no 
changes in blood lactate concentrations throughout 
surgery, implying that any “ischaemic” period did 
not cause a significant metabolic insult from 
imposed anaerobic metabolism. We suggest that the 
differences between the two groups related to reper- 
fusion occurred because although the open group 
had apparently been subjected to a shorter overall 
period of tissue ischaemia, the quantity and location 
of tissue rendered ischaemic was significantly differ- 
ent. The endovascular technique used bilateral 
femoral artery clamps for the majority of surgery, but 
blood flow through internal iliac and deep femoral 
collaterals would have continued during this period 
of arterial clamping. 

Haemodynamic stability during endovascular 
aortic surgery demonstrated in this study represents 
a potential improvement for patients requiring aortic 
aneurysm surgery. A significant proportion of this 
patient population have associated cardiovascular 
disease, notably previous myocardial infarct 
(40-50%), congestive cardiac failure (10-15%), 
ischaemic heart disease (20-30%) or hypertension 
(50-60%).8° Although debate continues on the 
combination of preoperative factors associated most 
reliably with perioperative cardiac morbidity or 
mortality,'° it seems reasonable to suggest that a 
more stable intraoperative haemodynamic profile 
without evidence of ischaemic metabolic insult may 
be beneficial during surgery of this type. The Chuter 
graft/stent system used in this study uses self- 
expanding modified Gianturco Z-stents, and 
requires neither deliberate haemodynamic manipu- 
lation by the anaesthetist nor balloon inflation at the 
time of proximal graft fixation, in contrast with other 
endovascular systems.*!! Although the association 
between improved intraoperative haemodynamic 
stability and a reduction in significant perioperative 
cardiac events is intuitive, this study and others to 
date include insufficient numbers to make firm con- 
clusions.!* This will rely on larger scale, prospective, 
randomized, controlled studies being conducted, 
stating clearly the type of endovascular system being 
evaluated, with details of preoperative assessment of 
the patient and perioperative haemodynamic 
management.!3 This is of paramount importance if 
the technique is to be considered for patients 
regarded as representing too high a risk for conven- 
tional surgical intervention,‘ !* especially as there is a 
reported failure rate of approximately 20% in centres 
experienced with the technique, the consequences of 
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which usually require surgery to be converted to a 
more extensive procedure or even open repair.34 
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Comparison of caudal bupivacaine and diamorphine with caudal 
bupivacaine alone for repair of hypospadias 


A. A. KELLEHER, A. BLACK, S. PENMAN AND R. HOWARD 


Summary 


Forty-five boys undergoing repair of hypospadias 
were allocated randomly to one of two groups. 
After induction of anaesthesia, 22 patients received 
0.25% caudal bupivacaine 0.5 mi kg~' and diamor- 
phine 30 pg kg~' and the remaining 23 patients 
received 0.25% caudal bupivacaine 0.5 mi kg“? 
alone. Pain scores (Children’s Hospital of Eastern 
Ontario Pain Scale), sedation scores, ventilatory 
frequency, analgesic requirements and associated 
side effects were recorded for the first 24 h after 
operation. The two groups were indistinguishable 
in age, weight and duration of surgery. There was 
a statistically significant reduction in early pain 
scores. There was also a statistically significant 
increase in the time to first passage of urine in 
those boys in the diamorphine group who were 
not catheterized during operation. (Br. J. Anaesth. 
1996; 77: 586-590) 


Key words 


Surgery, urological. Anaesthetics focal, bupivacaine. 
Analgesics opioid, diamorphine. Anaesthetic techniques, 
regional, caudal. 





Adequate postoperative analgesia in children is a 
vital part of perioperative care. Regional techniques 
such as caudally administered local anaesthetics 
have long been used in conjunction with general 
anaesthesia to provide intraoperative and postopera- 
tive analgesia. More recently several studies have 
examined the effects of adding morphine or fentanyl 
to caudally administered local anaesthetic, some of 
which appeared to show an improvement in post- 
operative analgesia. However, at least one case was 
associated with unacceptable side effects.! The aim 
of this study was to assess the potential benefits and 
complications associated with adding diamorphine 
to caudally administered bupivacaine in boys 
undergoing repair of hypospadias under general 
anaesthesia. 


Patients and methods 


After obtaining hospital Ethics Committee approval, 
informed parental consent was obtained from 45 
ASA I and II boys, aged 6-88 months, undergoing 
repair of hypospadias. 

Patients were prescribed premedication with 


atropine 40 ug kg! orally and either trimeprazine 
3 mg kg! or temazepam 0.5 mg kg™! orally. EMLA 
cream was applied to potential venous access sites. 
Anaesthesia was induced with either thiopentone 
5 mg kg! i.v. or halothane and nitrous oxide in 
oxygen. Neuromuscular block was produced with 
atracurium 0.5 mg kg7! and the trachea intubated. 

Each child was then allocated randomly to receive 
one of two possible caudal injections, either 0.25% 
bupivacaine 0.5 ml kg"! and diamorphine 30 ug 
kg}, or 0.25% bupivacaine 0.5 ml kg”! alone. 
Addition of diamorphine increased the volume of the 
injectate by 0.03 ml kg~!. The composition of the 
caudal solution was known only to an anaesthetist 
who subsequently played no part in the postopera- 
tive assessment of the patient. Anaesthesia and 
normocapnia were maintained by intermittent posi- 
tive pressure ventilation with halothane and nitrous 
oxide in oxygen. Intraoperative monitoring included 
arterial oxygen saturation, ECG, non-invasive arter- 
ial pressure monitoring, end-tidal carbon dioxide 
concentration and nasopharyngeal temperature. 
Duration of surgery from completion of induction to 
antagonism of neuromuscular block was recorded 
for each patient. 

After operation, on arrival in recovery, each child 
received oxygen 4 litre via a face mask and monitor- 
ing was continued in the form of pulse oximetry, 
ECG and non-invasive arterial pressure measure- 
ments. Each child was assessed on arrival in 
recovery, every 15 min for the first hour, at 2 h and 
then every 2 h for the remainder of the first 24 h. 
Subsequently, all children were nursed on the same 
ward and all assessments were carried out by staff 
nurses unaware of the composition of the injectate 
given, and trained in the scoring systems used. 
Monitoring included heart rate, arterial pressure and 
temperature measurement. Supplementary oxygen 
was not continued on the ward and arterial oxygen 
saturation was not assessed. 

Each child was prescribed codeine phosphate 
1 mg kg~! i.m. and paracetamol 12.5 mg kg™! orally 
to be given at the discretion of the nursing staff. 
Additional postoperative observations included 
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Table I! Children’s Hospital of Eastern Ontario Pain Scale 
(CHEOPS). Potential score 4-1326 
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Item Behaviour 


Cry No cry 

Moaning 

Crying 

Screaming 

Composed 

Grimace 

Smiling 

Verbal None 
Other complaints 
Pain complaints 
Both complaints 
Positive 

Torso Neutral 

Shifting 

Tense 

Shivering 

Upright 

Restrained 

Not touching 

Reach 

Touch 

Grab 

Restrained 

Legs Neutral 
Squirming/kicking 
Drawn up/tensed 
Standing 
Restrained 


Facial expression 


Touch 
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heart rate and non-invasive arterial pressure 
measurement. 

Postoperative assessment comprised scoring for 
pain and sedation. Ventilatory frequency was also 
recorded, as were the occurrence of nausea and 
vomiting, pruritus or urinary retention. The pain 
score used was the Children’s Hospital of Eastern 
Ontario Pain Scale (CHEOPS) (table 1). This 
assigns scores for crying, facial expression, verbal 
response, touching the wound and torso, and leg 
position. 

The sedation score graded the degree of sedation 
from awake to unrousable (table 2). 

Patient data and duration of operation in each 
group were compared using the chi-square test. The 
remaining data, including pain scores, analgesic 
requirements and incidence of side effects, were 
analysed using one-way analysis of variance 
(ANOVA) with Bonferroni’s type I error rate correc- 
tion for multiple tests of significance. Data analysis 
was performed using SPSS windows version 6.0. P< 
0.05 was considered statistically significant. 


Results 


The two groups were similar in age and weight; 
mean age in the diamorphine group was 31.36 
months and in the bupivacaine alone group, 26.18 
months (table 3). Mean weights were 13.34 kg and 
12.96 kg, respectively. 

There was no significant difference between the 
two groups in mean duration of surgery, which was 
90.9 min in the diamorphine group and 80 min in 
the bupivacaine alone group. 

There were no failed blocks in either group. 
However, there were significant differences in early 
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Table 2 Sedation score. Potential score 1-4 
Item Score 
Awake 1 
Drowsy 2 
Asleep but rousable 3 
Unrousable 4 
Table 3 Patient data (mean (sD or range)) 
Group Age (months) Weight (kg) 
Diamorphine + bupivacaine 31.36 13,34 

(n=22) (6-88) (4.72) 
Bupivacaine alone 26.18 12.96 

(n=23) (12-57) (3.78) 
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Figure 1 Postoperative pain scores (CHEOPS) for patients 
receiving either diamorphine and bupivacaine (D + B) (A) or 
bupivacaine (B) alone (W) (median (95% confidence intervals)). 
Arrows indicate the median time to first analgesia in the two 
groups. *P < 0.05 (one-way ANOVA). 
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Figure 2 Mean postoperative sedation scores for patients 
receiving either diamorphine and bupivacaine (D + B) (CJ) or 
bupivacaine (B) alone (W) (median (95% confidence intervals)). 
Arrows indicate the median time to first dose of codeine 
phosphate in the two groups. 


pain scores with lower scores in the diamorphine 
group (fig. 1). The difference in scores at times 0, 15 
and 30 min were significant (P < 0.05). In the bupi- 
vacaine alone group, after initially decreasing, pain 
scores started to increase again after 4-6 h. Median 
time to first analgesia (either codeine phosphate or 
paracetamol) in this group was 8.55 h and thereafter 
pain scores showed a steady decline. In the diamor- 
phine group there was a smaller peak in pain scores 
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Ventilatory frequency (bpm) 
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Figure 3 Postoperative ventilatory frequencies for patients 
receiving either diamorphine and bupivacaine (LJ) or 
bupivacaine alone (W) (median (95% confidence intervals)). 
*P < 0.05 (one-way ANOVA). 
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Figure 4 Time to first dose of codeine phosphate in the 
diamorphine and bupivacaine, and bupivacaine alone groups. 
IQR = Interquartile range. *P < 0.05 (one-way ANOVA). 
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Figure 5 Time to first passage of urine in the diamorphine and 
bupivacaine, and bupivacaine alone groups. IQR = Interquartile 
range. *P < 0.05 (one-way ANOVA). 


at 12 h, the median time to first analgesia was 10.45 
h and subsequently pain scores remained relatively 
constant for the remainder of the first 24 h. 

There was no significant difference between the 
two groups in the degree of sedation, although early 
scores were slightly higher in the diamorphine group 
(fig. 2). As may be expected, sedation scores in both 
groups were high in the immediate postoperative 
period, then declined during the day, followed by an 
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increase in the evening as the children fell asleep. 
The first dose of codeine in both groups (median 
8.55 h in the bupivacaine alone group and 11 h in 
the diamorphine group) was associated with an 
increase in sedation score. 

Early postoperative ventilatory frequencies were 
higher in the bupivacaine alone group, and were 
significant at 15 min (fig. 3). There were no cases of 
clinically significant respiratory depression in either 
group. 

Thirteen patients in the diamorphine group and 
12 in the bupivacaine alone group did not require 
codeine phosphate after operation. Of those patients 
who did, the time to the first dose of codeine was 
longer in the diamorphine group, although this was 
not significant (fig. 4). Four patients in the diamor- 
phine group and eight in the bupivacaine alone 
group received no paracetamol after operation; in 
those patients who did, the time to first dose was not 
significantly different between the two groups. 

There was an increase in the incidence of nausea 
and vomiting in the diamorphine group (13.6% 
compared with 4.3% in the bupivacaine alone 
group) but this was not significant. There was no 
incidence of pruritus in either group. 

Nine patients in the diamorphine group were elec- 
tively catheterized during operation for surgical 
reasons and 10 patients in the bupivacaine alone 
group. The time to first passage of urine in those 
patients not catheterized was significantly longer in 
the diamorphine group, from a median of 5.4 h to 
7.6 h after operation (P < 0.04) (fig. 5). 


Discussion 


Caudally administered bupivacaine has long been 
known to provide good postoperative analgesia with 
minimal morbidity in children undergoing urogeni- 
tal surgery.2* More recently, the addition of mor- 
phine 50 ug kg™! to the injected local anaesthetic has 
been demonstrated to increase the duration and 
intensity of analgesia without a significant increase in 
side effects." However, at least one of these studies 
may be criticized in that the volume of bupivacaine 
given (0.75 ml kg~') for orchidopexy may have been 
inadequate, rendering the local anaesthetic alone 
group at a disadvantage.® Fentanyl 1 wg kg™! has 
also been added to caudally administered local 
anaesthetic but without any improvement in the 
duration or quality of analgesia after circumcision.’ 1° 
However, Lejus and colleagues showed that 
extradural fentanyl 2 pg kg~! followed by a fentanyl 
infusion provided a similar level of analgesia as 
extradural morphine 0.75 mg kg™! with a further 
bolus at 24 h, but as might be expected with a more 
highly lipid soluble drug, there was a lower incidence 
of side effects.!! We could find no study in which 
diamorphine had been added to caudally adminis- 
tered local anaesthetic in children, although it has 
been used extensively, and shown to be beneficial in 
extradural anaesthesia in adults.!2-!4 

Diamorphine is 2-3 times as potent and approxi- 
mately 200 times more lipid soluble than morphine 
(the olive oil/water partition coefficient of diamor- 
phine is 0.2 compared with 0.016 for morphine)!5 
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and therefore may cross from the extradural space 
into the subarachnoid space to bind to spinal opioid 
receptors much faster than morphine. This results in 
a more rapid onset of analgesia, usually within 10-15 
min compared with 30-60 min with morphine.'® 
Consequently, side effects, including rostral spread 
resulting in late respiratory depression, are less 
likely.!! 1417 Because of this increased lipid solubility, 
diamorphine also diffuses out of the extradural space 
into surrounding blood vessels faster than morphine, 
resulting in higher plasma concentrations.!8 19 
Inevitably, some of the analgesia and side effects 
provided by diamorphine may be as a result of sys- 
temic absorption rather than a local action on spinal 
opioid receptors; this leads to a shorter duration of 
action compared with a relatively non-lipid soluble 
drug such as morphine. However, it has be shown 
previously in adults that diamorphine administered 
extradurally provides a better quality of analgesia 
than that administered i.m.!4 which implies that the 
site of action, at least in part, is at the level of the 
spinal receptor. 

The early postoperative pain scores and ventila- 
tory frequency were significantly lower in the 
diamorphine group. There was no significant differ- 
ence in the degree of sedation between the two 
groups, thus the difference in early pain scores could 
not be attributed solely to increased sedation in the 
diamorphine group. However, the CHEOPS score is 
a very sensitive pain assessment tool, whereas seda- 
tion score is relatively insensitive, thus it may be that 
administration of extradural diamorphine, in addi- 
tion to providing analgesia, led to subtle changes in 
behaviour resulting in lower pain scores without a 
comparable increase in sedation score. 

Extradural opioids are associated with well 
recognized side effects, including itching, urinary 
retention, nausea and vomiting, and respiratory 
depression, the majority of which may be related to 
rostral spread. In our study, pruritus did not occur 
in either group; this may not be surprising as the 
incidence of pruritus after extradural morphine has 
been quoted variously as 1-100%.!72! 23 Nausea and 
vomiting were more common in the group receiving 
diamorphine than the bupivacaine alone group, but 
this was not statistically significant and was low com- 
pared with a reported incidence of 50% with 
extradural morphine.*3 There were no cases of respi- 
ratory depression in either group; this may be a 
reflection of the relatively small size of the study as 
extradural opioid-induced respiratory depression is 
comparatively rare with an incidence of 0.2- 0.33% 
in adult patients receiving extradural morphine.*4”° 
In patients receiving extradural diamorphine the 
incidence is likely to be even lower because of its 
increased lipid solubility. The time to first passage of 
urine was significantly longer in those children 
receiving extradural diamorphine (P < 0.05) who 
were not catheterized during operation, however, no 
child required intervention with naloxone or 
catheterization for urinary retention. 

In summary, we found that all children in both 
groups had adequate postoperative analgesia, but the 
addition of diamorphine 30 pg kg! to the caudal 
injection resulted in a significant reduction in early 
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pain scores. Opioid-induced side effects were few, 
and only increased time to first passage of urine was 
statistically significant. We did not encounter any 
serious side effects such as respiratory depression; 
this may be related to the small size of the study, the 
rarity of such complications with extradural opioids 
and the high lipid solubility of diamorphine. 
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Effect of hypothermia on rectal mucosal perfusion in infants 


undergoing cardiopulmonary bypass 


P. D. BOOKER, D. P. PROSSER AND R. FRANKS 


Summary 


We have examined the effect of profound 
hypothermia on gut mucosal perfusion in 20 
infants, aged 1.4-45 weeks, requiring cardio- 
pulmonary bypass (CPB). After induction of anaes- 
thesia, a laser Doppler probe was inserted 8 cm 
into the patient’s rectum to allow monitoring of 
rectal mucosal perfusion (“flux”) throughout 
operation. Steady-state observation periods (5 min 
with no change in temperature or mean arterial 
pressure (MAP)) were achieved after 10 min on 
CPB at 35°C, after CPB-induced cooling to 15-25°C, 
immediately before rewarming and after rewarm- 
ing to 35°C. Throughout these periods flow rate 
was 100 mi kg~' min™t, packed cell volume was 
kept constant and Paco, maintained at 5.3 + 0.5 
kPa. No vasoactive drugs were used. Initial warm 
and rewarm MAP values (46 mm Hg) were signifi- 
cantly lower (P = 0.008) than during the cold CPB 
periods (63 and 64 mm Hg). Mean flux in the first 
cold period (152) was significantly lower (P = 
0.001) than that in the first warm CPB period (211). 
Post-rewarm flux (127) was significantly lower 
than all other CPB flux values (P = 0.004). We con- 
clude that although hypothermia significantly 
reduced mucosal blood flow, rewarming produced 
even greater reductions in mucosal perfusion that 
may prove crucial in the development of mucosal 
hypoxia. (Br. J. Anaesth. 1996; 77: 591-596) 
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Splanchnic perfusion during cardiopulmonary 
bypass (CPB) may be jeopardized by vasoconstric- 
tion secondary to hypocapnia! or to increased con- 
centrations of angiotensin I,?-5 vasopressin® or 
thromboxane.’ § Haemodilution,’ hypotension!’ and 
microvessel occlusion, secondary to platelet and 
leucocyte aggregation,!! may also reduce oxygen 
delivery to the gut during CPB. Furthermore, 
animal®!?13 and adult clinical studies!*!” have con- 
firmed that transient gut mucosal ischaemia may 
occur during or after CPB. A sufficient reduction in 
gut mucosal blood flow to induce mucosal hypoxia 
can cause mucosal barrier breakdown and allow 


bacterial translocation,!® as the integrity of the inter- 
cellular “tight” junctions is an ATP-dependent 
process.!9 The incidence of post-CPB gut dysfunc- 
tion?°?! and endotoxaemia during CPB??? show a 
positive correlation with increasing CPB time in 
adults. Translocation of bacteria and endotoxins 
from the gut lumen into the portal and systemic cir- 
culations is usually self-limiting but may cause 
sepsis, multiple organ failure (MOF), or both.?+-27 

The incidence of MOF in infants and children 
undergoing CPB (1.6—3.5%)?* is apparently much 
higher than that in adults (0.37%).?73!32 Although 
differences in diagnostic criteria or patho- 
physiology, or both, could account for this disparity, 
the major dissimilarities between adult and paedi- 
atric CPB techniques may be equally important. 
Profound hypothermia is used in paediatric cardiac 
surgery to protect vital organs during periods of 
reduced flow CPB or circulatory arrest. Although 
the potential for hypothermic CPB to cause gut 
mucosal hypoxia may be mitigated by the reduction 
in cellular metabolic rate, hypothermia also increases 
the affinity of haemoglobin for oxygen and may 
reduce gut mucosal blood flow.!23335 We studied 
infants undergoing CPB-induced profound 
hypothermia and, using laser Doppler flowmetry 
(LDF), determined how rectal mucosal blood flow 
changed with temperature, maintaining all other 
factors constant. 


Patients and methods 


With local Ethics Committee approval and written, 
informed parental consent, we studied 20 infants, 
aged 1.445 weeks, requiring profound hypothermia 
during CPB for elective or urgent cardiac surgery. 
Infants <2.5 kg in weight or with coarctation of the 
aorta were excluded. No premedication was used. 
Anaesthesia was induced with thiopentone 4 mg 
kg~! and neuromuscular block was produced with 
vecuronium 0.2 mg kg™! h7!. Anaesthesia was main- 
tained with i.v. infusions of midazolam 240 pg kg™! 
h~! and diamorphine 24 wg kg! h7!, supplemented 
with 0.25% isoflurane in oxygen or air, or both, 
before CPB. 
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Figure 1 Laser Doppler probe with attached silastic ring. The 
proximal 10 em of glass fibre cable had been thickened to 
provide sufficient rigidity to insert the probe 8 cm into the 
rectum. The probe’s optical prism is located at point P. 


A central venous catheter was inserted, a femoral 
artery cannulated for monitoring of systemic arterial 
pressure and temperature probes placed in the mid- 
oesophagus, rectum and nasopharynx. A laser 
Doppler probe (Moor Instruments Ltd) was inserted 
8 cm into the patient’s rectum, the probe’s special 
design ensuring that its optical prism lay against the 
mucosa (fig.1). The probe was connected to a 
MBF3/D monitor (Moor Instruments Ltd) and 
computer; later analysis of recordings was made 
using Moorsoft data interpretation software (Moor 
Instruments Ltd). The hollow fibre D701 oxygena- 
tor (Dideco) used for CPB was primed with a 
warmed mixture of blood and crystalloid such that 
the packed cell volume (PCV) 10 min after initiation 
of CPB was 25 + 5% and blood and core tempera- 
tures 35 + 0.5°C. 

When the patient had been established on non-pul- 
satile CPB at a flow rate of 100 ml kg™! min“! for 10 
min and nasopharyngeal and rectal temperatures were 
constant at 35 + 0.5°C, baseline measurements of 
femoral mean arterial pressure (MAP) and rectal 
mucosal flux were recorded for another 5 min 
(“warm-1”). Patients were then cooled on CPB to 
15-25°C, depending on the anticipated duration of 
low flow or circulatory arrest required. The rate of 
cooling and rewarming was controlled to approxi- 
mately 1°C min™!. All measurements were repeated 
during another three “steady-state” 5-min periods: 
immediately before initiation of low flow (“cold-1”), 
10 min after resumption of full flow (“cold-2”) and 
after rewarming to 35°C (“warm-2”). “Steady state” 
was defined as a period when nasopharyngeal and 
rectal temperatures did not vary by >0.1°C and MAP 
did not vary by >2%. Arterial blood-gas tensions, 
PCV and ionic calcium (Ca?*) concentrations were 
measured immediately before and after each period. 
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PCV was maintained constant at 25-30 and Ca?+ 
concentration and arterial base deficit were kept 
within normal limits, although no drugs were given 
during or within 10 min of any study period. 
Maintenance of a constant Pag, (20 + 5 kPa) 
throughout CPB was aided by the use of an in-line 
Pao, monitor (Polystan), and a capnograph (Datex 
Ltd), attached to the gas outlet port of the oxygenator, 
helped maintain a constant Paco, (5.3 + 0.5 kPa, 
temperature uncorrected, i.e. alpha-stat regulation*), 
together with intermittent arterial blood-gas measure- 
ments. All patients maintained MAP at 30-80 mm 
Hg with a CPB flow rate of 100 ml kg~! min™!, with- 
out the use of vasoactive drugs. Inotropic support was 
given as required to aid weaning from CPB, when the 
warm-2 readings were complete. 

Comparisons between mean flux and mean MAP 
obtained during the initial warm CPB period and other 
flux and MAP values were analysed using the Wilcoxon 
matched pairs signed rank test and exact two-tailed 
tests (SPSS). Kendall’s tau-b correlation coefficient was 
used to examine the relationships between MAP and 
flux and between CPB time and flux. 


Results 


Median age of the patients was 16.5 (range 1.445) 
weeks and median weight 5.3 (2.9-7.9) kg (table 1). 
Patients were cooled to a median nasopharyngeal 
temperature of 17.9 (14.5—24.6) °C during CPB for 
periods of 21-132 min. Median CPB time was 122 
(102-355) min. 

Mean flux values were compared with the mean 
flux obtained during the first normothermic CPB 
period (warm-1) (table 2, fig. 2). All CPB data were 
measured while cardiac output (pump flow rate) was 
controlled and while the patient was not subject to 
the effects of vasoactive drugs. Mean cold-1 flux was 
significantly lower than mean warm-1 flux (P = 
0.001). Mean cold-2 flux was not significantly differ- 
ent from mean cold-1 flux (P = 0.12). Mean warm- 
2 flux was significantly lower than mean warm-1 flux 
(P = 0.001), mean cold-1 flux (P = 0.004) and cold- 
2 flux (P = 0.001). Mean flux values before and after 
CPB were also recorded and compared with mean 
warm-1 flux, although non-CPB data were obtained 
during periods when cardiac output was uncon- 
trolled and vasoactive drugs were being used. 

MAP increased significantly on cooling (P = 
0.001), returning to baseline values on rewarming 
(table 3, fig. 2). There were no significant differences 
between MAP during the warm-l and warm-2 
periods (P = 0.91) or between the cold-1 and cold-2 
periods (P = 0.98). Table 4 shows the correlations 
between flux and MAP at different periods. There 
were no significant correlations between MAP and 
flux at any time other than at warm-1 (r = 0.33; P= 
0.04). Table 5 shows that there were no significant 
correlations between CPB time and flux. 


Discussion 


We have demonstrated that rectal mucosal perfusion 
or “flux”, measured using LDF, was reduced signifi- 
cantly secondary to CPB-induced core cooling to 
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Table 1 Patient data. VSD=Ventricular septal defect, TGA=transposition of the great arteries, TAPVC=total 
anomalous pulmonary venous connection, AVSD=atrioventricular septal defect, PAB=pulmonary artery band, 
DILV=double inlet left ventricle, APW=aortic-pulmonary artery window, FALLOT=tetralogy of Fallot, 


TA=tricuspid atresia 








Patient Age Weight 
No. (weeks) (kg) 
1 41 6.8 
2 11 3.8 
3 23 5.7 
4 38 7.8 
5 16 4.2 
6 44 6.1 
7 26 5.8 
8 18 4.6 
9 14 3.9 
10 13 5.1 
11 1.3 4.5 
12 45 7.9 
13 6.8 4.0 
14 8.5 7.3 
15 16 5:2 
16 17 5.2 
17 17 5.4 
18 36 7.3 
19 9.0 5.3 
20 1.4 2.9 

Median (range) 16.5 (1.445) 5.3 (2.9-7.9) 


Lowest temp. Time at lowest 
Diagnosis (°C) temp. (min) 
TAPVC 16.4 55 
VSD 16.0 43 
APW 17.5 51 
FALLOT 21.2 31 
AVSD 17.6 34 
DILV 14.5 132 
VSD 16.5 51 
AVSD 15.3 72 
AVSD 17.9 82 
AVSD 21.6 60 
TGA 18.3 71 
TGA, VSD 24.6 29 
TGA 16.6 100 
VSD, PAB 17.9 44 
AVSD 22.0 21 
AVSD 19.3 46 
VSD, AS 21.0 33 
TA 23.4 37 
VSD 18.5 53 
TGA, VSD 15.9 81 
17.9 (14.5-24.6) 51 (21-132) 





Flux (arbitrary units) 


MAP (mm Hg) 





Warm-2 
Cold-2 Post 


Figure 2 Mean (sp) arterial pressure (MAP) (@) and rectal 
mucosal flux (M) at each observation period. All readings were 
obtained over 5 min during steady state conditions. Pre = Before 
CPB; warm-1 = initial normothermic CPB; cold-1 = before 
surgery hypothermic CPB; cold-2 = after surgery, hypothermic 
CPB; warm-2 = at the end of rewarming, normothermic CPB; 
and post = >20 min after CPB. *Significantly different from 
values at warm-1 (P < 0.05). 


Pre Cold-1 
Warm-1 


Table 2 Mean rectal mucosal flux during each study period 
(mean (SD)). Values are compared with data obtained during the 
warm-1 period. Warm-1=Initial normothermic CPB, cold- 
1=pre-surgery hypothermic CPB, cold-2=post-surgery 
hypothermic CPB, warm-2=at end of rewarming, normothermic 
CPB, and post-CPB #20 min after CPB 


Flux (arbitrary units) P 
Pre-CPB 251 (67) 0.03 
Warm-1 211 (93) z 
Cold-1 152 (67) 0.001 
Cold-2 159 (59) 0.001 
Warm-2 127 (51) 0.001 
Post-CPB 209 (55) 0.99 


Table 3 Mean femoral arterial pressures during each study 
period (mean (SD)). Values are compared with data obtained 
during the warm-1 period. Warm-1=initial normothermic CPB, 
cold-1=pre-surgery hypothermic CPB, cold-2=post-surgery 
hypothermic CPB, warm-2=at end of rewarming, normothermic 
CPB, and post-CPB #20 min after CPB 


Arterial pressure (mm Hg) P 
Pre-CPB 54.4 (12.9) 0.03 
Warm-1 46.2 (15.1) — 
Cold-1 62.5 (14.9) 0.0001 
Cold-2 63.7 (21.0) 0.008 
Warm-2 45.8 (13.4) 0.91 
Post-CPB 55.0 (15.8) 0.06 


Table 4 Correlations between MAP and flux at different times. 
Warm-1=Initial normothermic CPB, cold-1=pre-surgery 
hypothermic CPB, cold-2=post-surgery hypothermic CPB, 
warm-2=at end of rewarming, normothermic CPB, and post- 
CPB #20 min after CPB 





r P 
Pre-CPB 0.06 0.72 
Warm-1 0.33 0.04 
Cold-1 0.24 0.14 
Cold-2 0.18 0.28 
Warm-2 0.07 0.65 


Post-CPB —0.11 0.52 


Table 5 Correlations between CPB time and flux at different 
times. Warm-1=Initial normothermic CPB, cold-1=pre-surgery 
hypothermic CPB, cold-2=post-surgery hypothermic CPB, 
warm~2=at end of rewarming, normothermic CPB, and post- 
CPB 220 min after CPB 


r P 
Pre-CPB —0.16 0.33 
Warm-1 —0.042 0.80 
Cold-1 —0.095 0.56 
Cold-2 —0.063 0.70 
Warm-2 0.021 0.90 
Post-CPB —0.074 0.65 
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14—24°C compared with flux during normothermic 
CPB at the same flow rate. Further reductions in 
flux were seen during and after rewarming, although 
ventricular ejection sometimes produced pulsatile 
flow during this period. Pulsatile flow would be 
expected to increase rather than decrease mucosal 
perfusion,?> compared with non-pulsatile flow which 
was invariable during the hypothermia period. 
Furthermore, changes in flux at different tempera- 
tures did not correlate with changes in MAP (table 
4) and, therefore, reflect variable shunting of blood 
away from the mucosa. 

Experimental animal work®!337 has shown that 
gut mucosal ischaemia may occur during normo- 
thermic CPB despite maintenance of pre-CPB 
superior mesenteric arterial (SMA) flow rates. 
Recent animal work has suggested that overall gut 
blood flow and oxygen consumption may increase 
progressively during normothermic CPB but are 
associated with a decrease in mucosal blood flow in 
the stomach, ileum and rectum.!3 This diversion of 
blood away from the gut mucosa is thought to be 
caused by CPB-induced release of vasoactive 
substances that affect regional blood flow at the 
macro- or microcirculatory levels, or both.*8 
Vasoconstrictors known to be released during CPB 
in adults include vasopressin,® catecholamines,‘ 39 49 
angiotensin II? and thromboxane A, and B,.784! 

Experimental CPB studies using animal models 
have demonstrated either a reduction,” no 
change!?5 or an increase#? in SMA flow during 
hypothermic (25°C) CPB. These inconsistent 
results may be explained by the use of different 
methodologies, different baseline references and 
varying perfusion flow rates, and Paco, control. 
Nevertheless, it would seem from these studies that 
shunting of blood away from the mucosa is unlikely 
to be occurring at the arteriolar regulatory level. The 
decrease in mucosal flux during profound hypo- 
thermia, compared with the initial warm CPB value, 
therefore, must reflect either arteriovenous shunting 
at the sub-mucosal level or redistribution of blood 
from the mucosa to the muscularis and serosa. Blood 
distribution within the gut wall, regulated by pre- 
capillary sphincter tone, is thought to be governed by 
local tissue oxygen tension. Thus gut mucosa, 
which has a high metabolic rate, normally receives 
65-92% of total gut blood flow.*4*> This theory of 
pre-capillary sphincter regulation, although compat- 
ible with the decrease in flux during hypothermia, 
does not explain the decrease in flux seen during 
rewarming. We postulate that normal local regula- 
tion of pre-capillary sphincter tone was overwhelmed 
by high concentrations of circulating vasoconstric- 
tors, as demonstrated during normothermic CPB in 
adults (see above). 

Laser Doppler flowmetry (LDF) provides a direct 
measure of tissue blood flow by using the fact that 
when laser light is reflected off a moving red blood 
cell, it undergoes a Doppler frequency shift, the 
amount of shift being dependent on the speed of the 
moving object. The laser light is delivered to the 
tissue surface via a single glass fibre, another fibre 
being used to collect a portion of the back-scattered 
light. This photodetector signal is then amplified and 
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the signal-to-noise ratio improved by eliminating 
noise that is outside the bandwidth of the Doppler 
frequencies. The analogue signal is then converted 
into a digital signal for spectral analysis, which is 
primarily a measure of the average Doppler fre- 
quency. The output from a LDF is referred to as 
“flux”, which is a measure of the number of red 
blood cells flowing through a unit volume of tissue 
per unit time. 

There are problems in using LDF to measure 
tissue perfusion. First, the technique generates only 
arbitrary units of measure; however, gut mucosal 
flux values have been shown experimentally to corre- 
late linearly with changes in gut mucosal blood flow 
measured using other techniques, over a wide range 
of flow rates.4°#8 Second, the probe tends to be 
position-sensitive, although this is not a problem 
when making successive measurements over a rela- 
tively short time period in paralysed patients. 
Finally, to draw any meaningful conclusions from 
flux data, it has to be assumed that the tissue 
measurement volume, at most 6 mm,? 4 is represen- 
tative of a larger region of tissue, although fortu- 
nately, rectal mucosa has a relatively homogeneous 
vascular anatomy. Although it cannot be assumed 
that rectal mucosal blood flow is representative of 
mucosal blood flow in other areas of the gut, recent 
animal work has suggested that rectal mucosal perfu- 
sion decreases during CPB in a similar manner to 
that of gastric and ileal mucosa, as measured 
tonometrically.!3 

Haemodilution results in a reduced density of red 
blood cells reflecting light back to the monitoring 
probe, causing a decrease in flux levels with no 
change in “perfusion”. Similarly, a decrease in mean 
MAP during CPB, compared with levels before 
CPB, may result theoretically in an increase in mean 
red cell transit time at the capillary level, further 
tending to reduce flux values. Thus a reduction in 
flux during the initial warm CPB period compared 
with the value before CPB was not unexpected. 
Thereafter, however, PCV was maintained at a con- 
stant level and changes in flux during CPB cannot be 
attributed to changes in PCV. MAP values changed 
significantly with temperature, although they did not 
correlate with flux other than at the initial warm-1 
period (table 4, fig. 2). We found no correlation 
between flux values and duration of CPB (table 5). 

Our results contrast with those of Ohri and 
colleagues, who found no significant difference in 
jejunal mucosal flux at 28°C during CPB in dogs 
compared with baseline readings obtained before 
CPB.!? After rewarming, they measured a 70% 
increase in flux and a simultaneous decrease in 
jejunal mucosal pH; from 7.42 to 7.12. These latter 
results agree with tonometric pH; data from other 
experimental and clinical studies in adults and con- 
firm that mucosal hypoxia is most likely to occur 
during the rewarming phase.!55°5! Although a 
significant correlation between pH, and blood flow 
may occur under some conditions,*°°? pH; relates to 
blood flow only insofar as it relates to the adequacy 
of tissue oxygenation.** 

Lactate concentrations in skeletal muscle and 
plasma have been shown, in adult patients during 


Hypothermia and rectal mucosal perfusion in infants during CPB 


CPB, to increase after rewarming, suggesting that a 
shift towards anaerobic cellular metabolism may 
occur even during normothermic full flow CPB.*4*5 
Profound hypothermia and low flow perfusion are 
likely to exacerbate this tendency. Gut mucosa 
becomes hypoxic during rewarming not only 
because of diversion of blood to other parts of the 
gut but also because of increased oxygen consump- 
tion.!2 Increased mucosal oxygen consumption 
would be expected as the cellular metabolic rate 
increases with increasing temperature, but hypoxia 
may also be exacerbated by an oxygen debt being 
incurred during cooling. CPB-induced hypothermia 
immediately decreases mucosal oxygen delivery 
because of decreased blood flow, haemodilution, 
hypotension and the increased affinity of haemo- 
globin for oxygen, while tissue cooling and reduc- 
tions in cellular metabolism occurred more slowly. 
Although increased tissue requirements for oxygen 
during rewarming may be met to some extent by 
increased oxygen extraction,!?5° experimental 
work”? suggests that blood flow is the major factor 
limiting intestinal oxygen consumption.>? We have 
found no evidence that capillary recruitment or pre- 
capillary sphincter vasodilatation occurs after 
rewarming from profound hypothermia, rather the 
reverse. 

In conclusion, our finding of reduced rectal 
mucosal flux during hypothermia is probably of less 
clinical relevance than that of decreased flux during 
and after rewarming, a period when the likelihood of 
mucosal hypoxia is highest. We recommend that 
strategies for improving gut perfusion, such as supra- 
normal CPB flow rates or administration of dopex- 
amine?’ 58 or epoprostenol,>% should be directed at 
the rewarming phase, which represents a particularly 
critical time for the continued maintenance of 
normal mucosal barrier function. 
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Gut mucosal perfusion in neonates undergoing cardiopulmonary 


bypass 


P.D. BOOKER, H. ROMER AND R. FRANKS 


Summary 


We studied gut mucosal perfusion in 24 neonates 
requiring cardiopulmonary bypass (CPB). Group A 
patients (nm = 12) had obstruction to their aorta 
such that gut perfusion before operation was 
dependent on flow through a ductus arteriosus 
(DA). Group B neonates were of similar age and 
size and required a similar duration of CPB, but did 
not have a DA. An orogastric tonometer allowed 
intermittent calculations of gastric intramucosal 
pH (pH), and rectal mucosal perfusion (“flux”) was 
monitored using laser Doppler flowmetry. 
Measurements of arterial base deficit, and lactate 
and pyruvate concentrations were made intermit- 
tently. Before CPB, mean femoral arterial pressure 
(MAP) and base deficit in group A were not signifi- 
cantly different from those in group B. However, 
mean flux before CPB was significantly lower and 
the lactate/pyruvate (L/P) ratio was significantly 
higher in group A compared with group B. Mean 
pH; was below normal (<7.26) throughout the 
operative period in group A, although it remained 
normal (>7.33) in group B. After corrective 
surgery, both during warm CPB and after CPB, we 
found no significant difference in MAP, L/P ratio or 
base deficit between the groups, but both flux and 
pH; were significantly lower in group A compared 
with group B. We conclude that neonates requiring 
aortic arch surgery may be at particular risk of gut 
mucosal hypoxia both before and after operation. 
(Br. J. Anaesth. 1996; 77: 597-602) 
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Measurement techniques, flowmetry. Measurement 
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Splanchnic perfusion during cardiopulmonary 
bypass (CPB) may be jeopardized by vasoconstric- 
tion secondary to hypocapnia! or to increased con- 
centrations of angiotensin JU,? vasopressin,’ 
thromboxane,‘ endothelin-15 and catecholamines.?® 
Haemodilution,’ hypotension? and microvessel 
occlusion secondary to platelet, leucocyte or erythro- 
cyte aggregation,? may also reduce oxygen delivery 
to the gut during CPB. Animal!®!! and adult!?3 
studies have confirmed that transient gut mucosal 


ischaemia may occur during and after CPB. A 
sufficient reduction in gut mucosal blood flow to 
induce mucosal hypoxia can cause mucosal barrier 
breakdown and allow bacterial translocation, !4 as the 
integrity of the intercellular “tight” junctions is an 
ATP-dependent process.!> Translocation of bacteria 
and endotoxins from the gut lumen into the portal 
and systemic circulations is usually self-limiting but 
may cause sepsis or multiple organ failure, or both.!® 
However, bacterial and endotoxin translocation may 
not be necessary for distant organ injury after gut 
ischaemia—reperfusion.!? The reperfused gut may 
cause oxidant-induced mast cell activation and 
priming of circulating neutrophils, resulting in 
pulmonary injury secondary to neutrophil 
sequestration. '® 

We postulated that neonates with coarctation, or 
other aortic arch anomalies affecting descending 
aortic blood flow, may be at particular risk of 
developing splanchnic ischaemia in the perioperative 
period. We have compared gut mucosal perfusion in 
neonates with ductus arteriosus (DA)-dependent 
circulations with a control group with normal aortic 
arch anatomy; patients were of a similar mean age 
and weight, and CPB times were comparable. We 
used a tonometric technique to assess gastric 
mucosal perfusion!’ and laser Doppler flowmetry to 
monitor rectal mucosal perfusion.?° 


Patients and methods 


With local Ethics Committee approval and written, 
informed parental consent, we studied 12 neonates, 
> 2.0 kg in weight, aged 3-15 days, requiring CPB 
for repair of an cardiac anomaly, together with either 
a coarctation or interrupted aortic arch. Another 12 
neonates with normal aortic arch anatomy (with no 
DA), requiring CPB for cardiac surgery, were also 
studied (table 1). Patients requiring preoperative 
vasoactive drugs, other than prostaglandins, were 
excluded. None of the neonates had significant fetal 
distress in utero. There was no significant difference 
between mean age, weight or CPB times in the two 
groups of patients, but mean aortic clamp time in the 
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Table 1 Individual patient data. CPB = Cardiopulmonary 
bypass, AC = aortic clamp, IAA = interrupted aortic arch, ASD = 
atrial septal defect, VSD = ventricular septal defect, HLHS = 
hypoplastic left heart syndrome, TGA = transposition of the 
great arteries, TAPVC = total anomalous pulmonary venous 
connection 


Patient Diagnosis Age Weight CPB time 
No. (days) (kg) (min) (min) AC time 
1 IAA, ASD 12 2.7 228 68 
2 IAA, VSD 10 3.5 153 51 
3 IAA, VSD 12 3.5 92 39 
4 HLHS 4 3.1 150 83 
5 HLHS 15 4.0 135 62 
6 HLHS 3 3.4 420 60 
7 IAA, ASD 9 3.5 130 70 
8 IAA, VSD 7 3.5 141 61 
9 IAA, ASD 8 3.0 107 55 
10 IAA, VSD 11 2.5 169 86 
11 IAA, VSD 7 3.4 158 51 
12 IAA, VSD 6 3.3 143 58 
13 TGA 11 4.5 130 68 
14 TGA, VSD 43 4.0 190 112 
15 TGA, YSD 10 2.9 360 81 
16 TGA 24 3:2 144 77 
17 TGA 5 4.5 275 70 
18 TGA 57 3.5 120 12 
19 TAPVC 11 2.6 98 48 
20 TGA 8 2.4 356 76 
21 TGA 10 5.5 135 73 
22 TGA 17 3.4 230 93 
23 TGA 5 3.9 232 85 
24 TGA 4 2.2 150 72 


Table 2 Age, weight, oxygen saturation (sat.) before 
cardiopulmonary bypass (pre-CPB), and CPB and aortic clamp 
(AC) times in the two groups patients (mean (SD or range) 





Group A Group B P 
Age (days) 8.7 G-15) 17.1 (4-57) 0.28 
Weight (kg) 3.3 (0.4) 3.4 (0.8) 0.85 
Pre-CPB oxygen sat. (%) 88.8 (3.0) 81.5 (3.5) 0.001 
CPB time (min) 169 (86) 202 (90) 0.42 
AC time (min) 62 (13) 77 (15) 0.01 





control group B was significantly longer than in 
group A (table 2). 

No premedication was used. Anaesthesia was 
induced with thiopentone 4 mg kg™! and neuro- 
muscular block was produced with vecuronium 0.2 
mg kg~!-h~!. Anaesthesia was maintained with i.v. 
infusions of midazolam 240 ug kg™! h~! and diamor- 
phine 24 pg kg! h~!, supplemented with 0.25% 
isoflurane in oxygen or air, or both, before CPB. A 
central venous catheter was inserted and a femoral 
artery cannulated for monitoring of systemic arterial 
pressure. A urinary catheter and nasopharyngeal and 
oesophageal temperature probes were inserted and a 
peripheral tissue oxygen saturation probe was taped 
in place. 

A laser Doppler probe (Moor Instruments Ltd) 
was inserted 7 cm into the patient’s rectum, the 
probe’s special design ensuring that its optical prism 
lay against the mucosa.?° The probe was connected 
to a MBF3/D monitor (Moor Instruments Ltd) and 
computer; later analysis of recordings was made 
using Moorsoft data interpretation software (Moor 
Instruments Ltd). A Trip sigmoid tonometer 
(Tonometrics, Inc., MA, USA) was inserted orally 
into the patient’s stomach. Correct positioning of the 
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tonometer was aided by the sight of a small bulging 
of the anterior abdominal wall as it was gently 
advanced, later confirmed by chest x-ray obtained 
after operation. Saline 0.9% (2.5 ml) was then intro- 
duced anaerobically into the tonometer balloon. 

After the chest was opened, but before surgical 
manipulation of the great vessels, baseline record- 
ings of rectal mucosal flux and femoral mean arterial 
pressure (MAP) were made over a 5-min period. A 
sample of arterial blood was obtained for measure- 
ment of Pao, Paco, PCV and base deficit. Ionic 
calcium (Ca?*), bicarbonate, lactate and pyruvate 
concentrations were measured and, subsequently, 
the lactate/pyruvate (L/P) ratio was calculated. Pco, 
of the saline in the tonometer balloon was deter- 
mined using a Ciba-Corning 865 analyser. Gastric 
intramucosal pH (pH,) was calculated using the 
Henderson—Hasselbalch equation and time correc- 
tion factors as supplied by Tonometrics, Inc. The 
inspired oxygen concentration before CPB was 
adjusted such that peripheral oxygen saturation was 
75-90% in all patients, although group A patients 
had a significantly higher mean saturation than 
group B patients (see table 2). 

The hollow fibre D701 oxygenator (Dideco) used 
for CPB was primed with warmed blood and crystal- 
loid such that blood and core temperatures 10 min 
after initiation of CPB were 34 + 0.5 °C and PCV 
was 25 + 5%. When the patient had been estab- 
lished on non-pulsatile CPB at a flow rate of 100 ml 
kg~! min! for 10 min and nasopharyngeal tempera- 
ture varied by <0.1 °C min™!, another arterial blood 
sample was obtained for measurements of PCV, base 
deficit and bicarbonate, lactate and pyruvate con- 
centrations. MAP and rectal mucosal flux were 
recorded for another 5 min before the patient was 
cooled during CPB to 15-25 °C, depending on the 
anticipated duration of low flow or circulatory arrest 
required. The rate of cooling and rewarming was 
controlled to approximately 1 °C min~!. Through- 
out CPB, PCV was maintained at 25 + 5% and 
Ca?* concentration and base deficit were kept within 
normal limits, although no drugs were given within 
15 min of any study period. Intermittent arterial 
blood-gas measurement was used to maintain a con- 
stant Pao, (20 + 5 kPa) throughout CPB, aided by 
the use of an in-line Pag, monitor (Polystan). 
Similarly, a capnograph (Datex Ltd), attached to the 
gas outlet port of the oxygenator helped maintain a 
constant Paco, (5.3 + 0.5 kPa, temperature uncor- 
rected, i.e. alpha-stat regulation).2! No vasoactive 
drugs were required in any patient to maintain MAP 
at 30-80 mm Hg during warm CPB using a flow rate 
of 100 ml kg"! min7!. When the patient was 
rewarmed on CPB and stabilized at 35 + 0.1 °C for 
5 min, another set of blood and tonometer samples, 
flux and haemodynamic readings were obtained over 
another 5 min. Inotropic support was given as 
required to aid weaning from CPB when the rewarm 
readings were complete. A final set of readings and 
blood samples were obtained just before transfer to 
the ICU, usually about 1 h after CPB. 

Comparisons between mean flux, mean pH, mean 
MAP, mean base deficit and mean L/P ratio 
obtained at each period in the two groups were 
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Table 3 Mean arterial pressure (MAP), gastric pHi, lactate/pyruvate (L/P) ratio, rectal mucosal flux and arterial 
base deficit (BD) in the two groups before corrective surgery 

Pre-CPB Warm CPB-1 
Group A Group B Group A Group B 
(n=12) (n=12) P (n=6) (n=8) P 
MAP 42 (5.8) 43 (7.5) 0.80 46 (20) 38 (7.8) 0.44 
pH, 7.25 (0.12) 7.34 (0.08) 0.07 7.23 (0.04) 7.41 (0.04) 0.10 
L/P ratio 16.8 (5.5) 11.4 (5.5) 0.05 27.1 (6.6) 20.8 (10.6) 0.43 
Flux 154 (101) 275 (147) 0.03 158 (102) 236 (175) 0.61 
BD 3.8 (5.4) 2.5 (5.4) 0.92 0.3 (3.5) 0.0 (3.3) 0.90 
Table 4 Mean arterial pressure (MAP), gastric pH,, lactate/pyruvate (L/P) ratio, rectal mucosal flux and arterial 
base deficit (BD) in the two groups after corrective surgery. Two patients in group A and one patient in group B did 
not survive after cardiopulmonary bypass (CPB). All patients were receiving enoximone and either dobutamine or 
adrenaline after CPB 
Warm CPB-2 Post-CPB 
Group A Group B Group A Group B 
(n=12) (n=12) P (n=6) (n=8) P 
MAP 44 (16.3) 45 (12.0) 0.92 52 (8.2) 45 (8.2) 0.13 
pH, 7.21 (0.18) 7.37 (0.05) 0.04 7.07 (0.24) 7.36 (0.08) 0.0004 
L/P ratio 33.5 (10.8) 35.3 (19.5) 0.75 37.0 (19.3) 27.0 (19.2) 0.15 
Flux 106 (63) 183 (68) 0.01 179 (85) 276 (115) 0.04 
BD 4,2 (3.9) 3.3 (4.1) 0.58 6.5 (7.1) 1.6 (3.2) 0.10 
Table 5 Inotrope requirements in the two groups of patients after successful weaning from cardiopulmonary bypass 
(CPB). All patients received enoximone (EN) 10 pg kg? min”. The two patients in group A and one patient in 
group B who did not survive 1 h after CPB are excluded. All other patients received etther adrenaline (AD) or dobut- 
amine (DB). Mean “combined” dose assumes AD 1 pg kg™! min7! = DB 20 pg kg™! min™! 
Inotrope Group A (n=10) Group B (m=11) P 
No. of patients requiring AD 4 3 0.90 
Mean dose of AD (pg kg™! min~!) 2.5 (1.7) 2.3 (1.5) 0.97 
No. of patients requiring DB 6 8 0.63 
Mean dose of DB (ug kg™! min~') 11.7 (2.6) 13.1 (5.3) 0.69 
Mean “combined” dose (ug kg~! min~!) 27.0 (28.2) 22.3 (21.3) 0.87 

analysed using the Wilcoxon test and SPSS exact 400 

test (SPSS UK Ltd). Kendall’s tau-b rank correla- 

tion coefficient was used to assess associations 

between MAP, base deficit, flux, pH; and L/P ratios B 300 

at every period. 5 id 

fa 
2 

Results = 200 
. í è oO 

Mean flux before CPB in group A (154) was signifi- nal 

cantly lower than that in group B (275) (P = 0.03) = 100 

(table 3, fig. 1). Although mean pH, before CPB in 

group A (7.25) was lower than that in group B 

(7.34), this difference was not statistically signifi- 

cant. Mean L/P ratio before CPB was significantly Pre-CPB CPB-1 CPB-2 Post-CPB 


higher in group A (16.8) than that in group B (11.4) 
(P = 0.05), although there were no statistically 


significant differences between the groups in MAP. 


or base deficit before CPB. 

Mean flux (158) and mean pH; (7.23) in group A 
were lower than the mean values in group B (236 
and 7.41, respectively) during the initial warm CPB 
period before corrective surgery. However, these dif- 
ferences were not significant, probably because it 
was not possible in every patient to obtain warm, 
stable temperatures during CPB for at least 30 min 
before commencement of core cooling. There were 
no significant differences between the two groups in 
mean L/P ratios, MAP or base deficit measured after 


Figure 1 Mean (sD) rectal mucosal perfusion (“flux”) in the 
two groups of patients at each observation period. CPB= 
Cardiopulmonary bypass. CPB-1 = warm CPB before 
corrective surgery; CPB-2 = warm CPB after corrective 
surgery. Group A (W) patients had aortic arch obstruction with 
ductus-dependent circulations; group B (0) patients had normal 
aortic arch anatomy. *P < 0.05. 


rewarming on CPB after corrective surgery (table 4). 
However, mean flux in group B (183) was signifi- 
cantly higher (P = 0.01) than that in group A (106) 
at this time. In addition, mean gastric pH; in group A 
(7.21) was significantly lower (P = 0.04) than that in 
group B, which remained normal (7.37). 
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Table 6 Significant correlations between arterial base deficit (BD), gastric pH, and lactate/pyruvate (L/P) ratios (all 
patients). There were no other significant correlations between any other measured variables. r = correlation 
coefficient, P = level of significance. CPB= Cardiopulmonary bypass; Warm CPB-2 = after corrective surgery but still 


requiring CPB 





Pre-CPB 
BD BD 


r=—0.33 
P=0.04 


Pre-CPB pH, 
Warm CPB-2 pH, 
Warm CPB-2 L/P 
Post-CPB L/P 


Post-CPB BD 


Two patients in group A and one patient in group 
B did not survive after CPB. To enable successful 
weaning from CPB, all patients received enoximone 
10 ug kg~! min”! and either dobutamine or adrena- 
line; we found no significant differences between the 
two groups in the mean dose of dobutamine or 
adrenaline required (table 5). In addition, for the 
purposes of statistical comparison and on the basis of 
data from an ongoing study, we assumed adrenaline 
l pg kg7! min`? produced an inotropic effect 
equivalent to dobutamine 20 ug kg~! min7!. There 
was no significant difference between the “com- 
bined” inotrope requirements in the two groups. 
Mean pH; in group A (7.07) was significantly lower 
than that in group B (7.36) after CPB (P = 0.0004) 
(table 4). Mean flux in group A patients, although 
slightly higher than the mean pre-CPB value, 
remained significantly lower than that in group B (P 
= 0.04). There were no significant differences in 
mean L/P ratios, MAP or base deficit between the 
two groups after CPB. 

Gastric pH; showed a significant correlation with 
base deficit both before and after CPB and with L/P 
ratios after CPB. Significant correlations between 
arterial base deficit and L/P ratios were found both at 
warm CPB after corrective surgery and after CPB 
(table 6, fig. 2). 


Discussion 


We have shown that neonates with aortic arch 
anomalies (group A) may have periods of gut 
mucosal ischaemia not only before, but also shortly 
after corrective surgery. Mean gastric intramucosal 
pH (pH, was <7.26 in group A patients, before, 
during and after surgery, whereas pH; remained 
>7.33 throughout the operative period in our con- 
trol group B patients with normal aortic arch 
anatomy. We believe, on the basis of these results, 
other neonatal data we have collected (unpublished) 
and adult studies! 2? that a pH, value <7.33 is below 
normal and indicates mucosal hypoxia. In addition, 
rectal mucosal perfusion (“flux”) was significantly 
lower in group A than that in group B both before 
and after corrective surgery. The significant differ- 
ence in gastric pH, and rectal mucosal flux between 
the two groups of neonates after surgery suggests 
that despite anatomical correction of the aortic 


Warm CPB-2 


Post-CPB Post-CPB 
BD pH; 





r=0.37 
P=0.03 


75 


Gastric pH, 
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ay Pre-CPB CPB-1 CPB-2 Post-CPB 
Figure 2 Mean (SD) gastric pH, in the two groups of patients 
at each observation period. CPB = Cardiopulmonary bypass. 
CPB-1 = warm CPB before corrective surgery; CPB-2 = warm 
CPB after corrective surgery. Group A (8) patients had aortic 
arch obstruction with ductus-dependent circulations; group B 
(©) patients had normal aortic arch anatomy. *P < 0.05. 


obstruction and a resulting increase in total blood 
flow to the gut, early post-surgical mucosal perfusion 
in group A patients remained below normal. 

The requirement for saline to be introduced into 
the tonometer balloon for at least 30 min before 
sampling implied that the number of observations 
was reduced during the initial warm CPB (before 
surgery) period (table 3). Statistical analysis of this 
comparative data may therefore underestimate the 
real difference between the two groups at this time. 
Measurement of tonometer saline Peco, during the 
other periods was after an equilibration time of >45 
min, to allow accurate calculation of pH, The 
potential problems and assumptions that underlie 
the use of laser Doppler flowmetry (LDF) to 
measure rectal mucosal blood flow have been 
reported previously.”° 

Notwithstanding evidence that prostaglandin E}, 
administered before CPB only to group A patients, 
may increase gut mucosal blood flow,?? ultrasound 
studies of neonatal mesenteric arterial flow have 
indicated that the presence of a ductus arteriosus 
(DA) may lead to compromised splanchnic perfu- 
sion.*4?5 Although necrotizing enterocolitis has been 
reported as a complication of hypoplastic aortic 
arch,”° we are not aware of any previous studies that 
have examined the relationship between DA- 
dependent perfusion, which is peculiar to this age 
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group, and gut ischaemia. Nevertheless, the pre- 
operative difference in both mucosal pH; and flux 
between our two groups of patients was not 
unexpected. 

We have confirmed our previous finding that 
rectal mucosal flux is decreased after rewarming fol- 
lowing CPB-induced hypothermia.*° In group B 
patients, with normal aortic arch anatomy, flux 
during CPB after rewarming was significantly lower 
than flux before CPB (P = 0.01). However, the 
reduction in mucosal perfusion did not result in an 

_abnormal gastric pH, in this group of patients, sug- 
gesting that although mucosal blood flow had been 
reduced, it had not decreased sufficiently to cause 
mucosal hypoxia. In contrast, rewarm flux in group 
A was not only significantly lower than that in group 
B, but was associated with gastric intramucosal 
acidosis. These data are compatible with the premise 
that when mucosal blood flow decreases to below the 
critical level required to maintain mucosal cell 
homeostasis, pH; decreases to below normal values, 
indicating mucosal hypoxia. One hour after weaning 
from CPB, pH, in group A decreased to 7.07, despite 
a small increase in rectal mucosal flux, confirming 
data from an adult study which showed that pH, 
values after CPB do not necessarily correlate with 
global splanchnic perfusion.?” Nevertheless, the flux 
value of 179 after CPB in group A patients compares 
with our “normal” flux values of 250-300 (values 
taken from this study, previous published work?° and 
other unpublished data). This finding suggests that 
although gut mucosal blood flow had improved (by 
about 16%) after surgery, this increase had not been 
sufficient to return values to “normal”. 

CPB-induced impairment of macro- or microcir- 
culatory vasoregulation, or both, has been suggested 
as a cause of heterogeneous distribution of gut blood 
flow after CPB,?’ although our data for group B 
patients do not support.this. The relatively low flux 
after CPB in group A patients may have been a result 
of local vascular endothelial release of the potent 
long-lasting vasoconstrictor endothelin-1, which is 
known to increase in response to hypoxia or reduc- 
tion in regional perfusion pressure.?89 Alternatively, 
the more severe gut mucosal ischaemia—reperfusion 
injury experienced by group A compared with group 
B patients may have caused an increase in local nitric 
oxide inhibition!® or eicosanoid release.*!8 In addi- 
tion, there is evidence that reperfusion injury can 
cause severe disruption of the mucosal microcircula- 
tion. Boros, Takaichi and Hatanaka? have shown, in 
an animal model, that reperfusion of ischaemic gut 
mucosa can lead to capillary block caused by 
erythrocyte plugging, possibly secondary to 
perivascular oedema and capillary compression. 

In addition to below-normal mucosal blood flow, 
another possible cause of mucosal hypoxia after CPB 
is that of increased cellular oxygen consumption 
secondary to reperfusion injury?’ or use of inotropic 
drugs.?! Our two groups of patients required equipo- 
tent amounts of inotropic support (table 5). Data 
from an ongoing study (unpublished) suggests that 
adrenaline, given in a dose of >1 pg kg™! min“, 
produces a higher mean systemic vascular resistance 
than dobutamine when given in an equipotent 
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inotropic dose. We therefore compared the dose 
rates of adrenaline and dobutamine separately in the 
two groups of patients, but found no significant dif- 
ference. It would seem, therefore, that the vasocon- 
strictor effect of high-dose adrenaline, although 
unquantified in this study, was unlikely to have been 
the main determinant of mucosal hypoxia after CPB 
in group A patients. However, these data do not pre- 
clude the possibility that an increase in local 
endothelin-1 concentrations in group A patients 
would have potentiated the splanchnic vaso- 
constrictor effects of high-dose adrenaline.** 

Base deficit??? and L/P ratios** are thought to be 
useful global indices of cellular oxygenation. L/P 
values >10 are indicative of tissue hypoxia; the 
higher the value, the greater the magnitude of the 
oxygen debt. Although lactate generation per se 
does not cause acidaemia, increased lactate pro- 
duction as a result of development of anaerobic 
metabolism is associated with degradation of high- 
energy phosphates, leading to increased production 
of hydrogen ions and carbon dioxide. Reperfusion 
of ischaemic tissue would be expected therefore to 
wash out both accumulated lactate and hydrogen 
ions, causing an increase in both L/P ratio and base 
deficit. Although the preoperative L/P ratio in 
group A was significantly higher than that in group 
B, hyperlactataemia in the former group was not 
associated with significant acidaemia. This suggests 
that, despite better peripheral tissue oxygen satura- 
tion than group B, tissue hypoxia in group A was 
occurring, although it was not severe or extensive. 
Hypothermic CPB may decrease both hepatic lac- 
tate clearance and pyruvate metabolism such that 
the L/P ratio remains unchanged.3#*5 However, in 
all of our patients, L/P ratios increased and 
remained abnormally high during CPB, probably 
because of the lactate and citrate load associated 
with a blood prime, and lactate washout with reper- 
fusion after periods of low flow. An imbalance 
between regional oxygen delivery and tissue oxygen 
consumption during rewarming causes hyperlac- 
tataemia and our finding of similar high L/P values 
after CPB in both groups of patients suggests that 
hypoxia in tissues other than the gut may occur in 
all neonates after CPB. We found significant corre- 
lations between base deficit and L/P ratios after 
surgery and between pH; and base deficit before 
and after surgery. However, the non-specific 
indices of tissue hypoxia, L/P ratio and base deficit, 
were generally unhelpful in identifying those 
patients most at risk of gut mucosal hypoxia. 

We have shown that neonates requiring aortic 
arch surgery are at risk of below-normal gut 
mucosal perfusion and hypoxia, not only before 
and during corrective surgery, but also after opera- 
tion, despite resultant normal aortic arch perfu- 
sion. Although gastric and rectal mucosal 
perfusion cannot necessarily be related to ileal or 
colonic perfusion, we believe that further studies 
are required to determine if strategies that may 
improve gut perfusion, such as administration of 
dopexamine, prevent or ameliorate the gut 
mucosal hypoxia we have observed in neonates 
with aortic arch anomalies. 
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Effects of dopamine on oxygen consumption and gastric mucosal 
blood flow during cardiopulmonary bypass in humans 


W. Karzal, M. GUNNICKER, G. SCHARBERT, U. M. VORGRIMLER-KARZAI AND H.-J. PRIEBE 


Summary 


We investigated the effects of flow rate and 
dopamine on systemic oxygen delivery (Doz), 
oxygen consumption (Vo2) and gastric mucosal 
microcirculatory blood flow (gMCF), measured by 
laser Doppler flowmetry in 12 patients undergoing 
mild hypothermic (34 °C) cardiopulmonary bypass 
(CPB). The first intervention comprised increasing 
CPB flow rates from 2.4 to 3.0 litre min`! m72, and 
the second intervention administering dopamine 6 
ug kg! min-', Measurements were made before 
and 10 min after the start of one of the two interven- 
tions. The heart remained in cardioplegic arrest 
throughout the study. There were no significant dif- 
ferences in variables between the two baseline 
measurements preceding the interventions. The 
increase in CPB flow rate increased Doz and gMCF 
without affecting Voz. At constant flow rate, dopamine 
also increased gMCF with no change in Vo» Do, or 
mean arterial pressure. Our data suggested that 
dopamine had no flow-independent effect on Vo, and 
that it increased gMCF during constant flow 
hypothermic CPB. (Br. J. Anaesth. 1996; 77: 603-606) 


Keywords 

Oxygen, consumption. Blood, flow. Gastrointestinal tract, 
mucosal perfusion. Heart, cardiopulmonary bypass. 
Surgery, cardiovascular. Pharmacology, dopamine. 








We have shown previously that in patients undergoing 
cardiopulmonary bypass (CPB), dobutamine caused 
a flow-independent increase in oxygen consumption 
(Poz) without affecting gastric mucosal blood flow.! 
In common with dobutamine, dopamine increased 
Vo, in healthy volunteers with an intact circulation.? 
Unlike dobutamine, dopamine has been shown to 
increase splanchic? and gastric? mucosal blood flow in 
animals and humans. As gut mucosal ischaemia has 
been reported during cardiac surgery, and to correlate 
with postoperative morbidity,” administration of 
dopamine during cardiac surgery may be a means of 
ameliorating intraoperative splanchnic hypoperfusion 
in susceptible patients. However, the ability of 
dopamine to increase splanchnic blood flow has been 
challenged recently.2? In pigs, dopamine did not 
increase total gastric blood flow during CPB.® 
However, dopamine may increase mucosal blood flow 
without affecting total gastric blood flow. 


Therefore, the aims of this study were to investi- 
gate the effects of dopamine on Vo, and on gastric 
microcirculatory blood flow during constant flow 
CPB in patients undergoing cardiac surgery. We 
hypothesized that dopamine would be comparable 
with dobutamine in its flow-independent effects on 
Vo, but would differ in its effect on gastric micro- 
circulatory blood flow. As we and others have 
shown, CPB provides a unique opportunity to study 
global and regional effects of drugs during constant 
flow.) 1011 


Patients and methods 


After obtaining approval from the Ethics Committee 
of Essen University, and informed consent, we 
studied 12 patients requiring CPB for coronary 
artery bypass grafting. All patients received fluni- 
trazepam 2 mg approximately 1 h before arriving in 
the operating room. Under local anaesthesia, a left 
radial arterial cannula and a flow-directed pul- 
monary artery catheter were inserted. Anaesthesia 
was induced with etomidate 0.15-0.30 mg kg™!, 
pancuronium 0.1 mg kg™! and fentanyl 5-7 pg kg~!, 
and maintained with 0.4-0.6 vol% isoflurance and 
50% nitrous oxide in oxygen. Before CPB, addi- 
tional fentanyl 0.25 mg, pancuronium 2 mg and flu- 
nitrazepam 0.2 mg were administered as needed. 
Fentanyl 0.25 mg and pancuronium 4 mg were 
added to the CPB prime, and 0.4 vol% isoflurane, 
added to the oxygenator air flow, was continued 
throughout the bypass period. Non-pulsatile pump 
flow (Stéckert, Munich, Germany) at a standard 
flow rate of 2.4 litre min™! m7? was maintained 
during extracorporeal circulation. Oxygenation was 
provided by a Cobe CML membrane oxygenator 
(Laboratories GmbH, Heimstetten, Germany). The 
asanguineous prime contained lactated Ringer’s 
solution 100 ml, 10% hydroxyethylstarch 500 ml, 
20% mannitol 100 ml and 8.4% sodium bicarbonate 
100 ml. During CPB, blood temperature was main- 
tained at 34 °C and packed cell volume was kept 
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above 20% by transfusion of autologous packed red 
cells before bypass. Measurements were made after 
CPB had commenced, the aorta cross-clamped, the 
heart in cardioplegic arrest and after rectal and 
nasopharyngeal temperatures were within 0.8 °C of 
each other. 

Gastric mucosal microcirculatory blood flow was 
studied using laser Doppler flowmetry (LDF) (MBF 
3D, Moors Instruments Ltd, Devon, UK). The 
measurement probe, a fibreoptic wire, was inserted 
through the lumen of a nasogastric tube. The correct 
position of the nasogastric tube was confirmed by 
auscultation and aspiration of gastric contents. The 
correct position of the probe was verified by observ- 
ing typical pulse synchronous oscillations. The fre- 
quency band used throughout the investigation was 
14.9 kHz and the last 2 min of each period were 
averaged for the measurements. LDF uses the size 
and amount of the frequency shift caused by back- 
scattered laser beam to calculate microcirculatory 
flow.!2 LDF has been used experimentally to 
measure intestinal mucosal blood flow, and has been 
found to correlate with mucosal blood flow, as 
measured by standard techniques.!? In addition to 
gastric microcirculatory blood flow, skin microcircu- 
latory blood flow was studied by placing a second 
probe on the forehead of the patient. 

Initial measurements were made at a flow rate of 
2.4 litre min™! m`? (baseline 1). Flow was then 
increased to 3.0 litre min“! m`? (intervention 1), 
and repeat measurements were made 10 min later. 
Flow was then returned to and maintained at 2.4 
litre min`! m~?, and measurements were repeated 5 
min later (baseline 2). Subsequently, with no change 
in flow, dopamine was started at a rate of 6 pg kg™} 
min”! (intervention 2), and repeat measurements 
were made 10 min later. At each of these times, 
blood samples were obtained from sampling ports of 
the CPB cannulae for measurement of blood-gas 
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tensions, and electrolyte and glucose concentrations, 
and haemodynamic variables were recorded. Blood- 
gas tensions were measured immediately at 37 °C. 
Total body oxygen delivery (Do,.) and Vo, were 
calculated according to standard formulae. 

Non-parametric analysis of variance (Friedman) 
was used to test for differences between times. The 
Wilcoxon signed rank test, corrected for multiple 
comparisons (Bonferroni), was used to test for dif- 
ferences between each baseline and subsequent 
intervention, and between the two baseline values. 
Statistical significance was based on P < 0.05. 
Results are presented as mean (SD). The statistical 
program used was SPSS version 6.0 on an Accel 
(486DX33) Notebook computer (Accel Computers, 
Rockville, MD, USA). 


Results 


Patient data are summarized in table 1. The increase 
in flow rate from 2.4 to 3.0 litre min™! m~? increased 
Do, (approximately 20%) and gastric mucosal 
microcirculatory blood flow (gMCF) (table 2). Skin 
microcirculatory blood flow (SMCF), Vo, and mean 
arterial pressure (MAP) did not change significantly. 

At unchanged flow rate, dopamine (table 2) 
increased gMCF (P < 0.01). There were no changes 


Table 1 Patient characteristics (mean (range) or number). 
ACE=Angiotensin-converting enzyme 


Age (yr) 63 (55-74) 
Weight (kg) 76.5 (60-89) 
Sex (M/F) 9/3 
Preoperative medication (7): 

Beta blockers -= 

Nitrates 7 

ACE-inhibitors I 

Calcium antagonist 7 

Digitalis glycosides 2 


Table 2 Haemodynamic variables, gastric mucosal blood flow, oxygen delivery (Do,) and oxygen consumption 
(Vo) during the two interventions (mean (Sp). MAP=Mean arterial pressure; SVRl=systemic vascular resistance 
index; CVP=central venous pressure; sMCF=skin microcirculatory blood flow; gMCF=gastric mucosal microcircula- 
tory blood flow. ***P<0.001 compared with preceding value 


Flow intervention 


Dopamine (6 ug kg~! min=!) 


3.0 2.4 2.4 


Before 
Flow rate (litre min“?! m7?) 2.4 
Vo, (ml min`! m=?) 82 (12) 
Do, (ml min”? m7?) 268 (23) 
MAP (kP) 9.1 (1.2) 
SVRI (dyn cm~5 s m7?) 2127 (262) 
sMCF (units) 88 (51) 

61 (33) 


After Before After 
87 (12) 80 (8) 79 (11) 
345 (28)*** 275 (27) 284 (27) 
10.1 (2.1) 10.1 (1.5) 9.6 (2.7) 
2008 (419) 2414 (357) 2286 (745) 
89 (45) . 88 (34) 61 (22) 
101 (40)*** 62 (32) 115 (69)*** 


gMCF (units) 


Table 3 Glucose and potassium concentrations, and rectal temperature during the two interventions (mean (SD)) 


Flow intervention 


Dopamine (6 pg kg™! min7!) 





3.0 2.4 2.4 


Before 
Flow rate (litre min=! m` 2.4 
Glucose (mmol litre™') 6.7 (1.2) 
Potassium (mmol litre~!) 4.2 (0.4) 
Hb (g litre?) 78 (8) 
Temperature (°C) 34.5 (0.5) 





After Before After 
7.3 (71.2) 7.7 (1.6) 7.9 (1.5) 
4.1 (0.3) 4.2 (0.2) 4.2 (0.2) 
80 (8) 80 (9) 83 (8) 
34.4 (0.4) 34.4 (0.3) 34.1 (0.4) 





Dopamine, Vo, and gastric mucosal blood flow 


in Do. Vo, sMCF or MAP during this intervention. 

Blood glucose concentrations increased through- 
out the study (P < 0.05) unrelated to the individual 
intervention. Potassium and haemoglobin concen- 
trations, and body temperature did not change 
significantly (table 3). 


Discussion 


The principal findings of this study were: (1) at con- 
stant flow, dopamine did not increase VO,; (2) at 
constant flow, dopamine increased gastric mucosal 
blood flow; and (3) increasing flow rates increased 
gastric mucosal blood flow. 

Our finding that dopamine increased mucosal 
blood flow is consistent with previous studies. 
Dopamine receptors have been identified in the 
human gastric mucosa.!* When injected locally into 
the gastric submucosa, dopamine increased gastric 
mucosal blood flow, as assessed by laser Doppler 
flowmetry.4 Furthermore, in the rat, dopamine 
exhibited a protective role in the stomach.!° Our 
study demonstrated that dopamine, administered 
i.v. at clinically relevant doses, may increase gastric 
microcirculatory blood flow in humans during CPB, 
supporting the role of dopaminergic receptors in 
regulating gastric mucosal blood flow in humans. 

In contrast with the increases in gastric microcir- 
culatory blood flow during both increase in flow and 
dopamine infusion, skin microcirculatory blood 
flow did not increase during each intervention. 
Differences in baseline vasomotor tone or vascular 
reactivity between gastric mucosal and cutaneous 
vasculature, or both, may explain the different 
regional flow responses. To what extent differences 
in flow response are caused by redistribution of flow 
between regional circulations on the basis of a 
steal phenomenon cannot be determined by this 
investigation. 

In two previus studies using a similar design, we 
found that during constant flow CPB, chronic pre- 
treatment with beta adrenoceptor antagonists 
decreased Vo,!° and dobutamine increased Vo,.! 
These findings suggest a flow-independent effect of 
catecholamines on Vo, during CPB. In contrast 
with our previous findings with dobutamine, 
dopamine did not increase Vo, during constant flow 
CPB. Whereas dobutamine 5-10 wg kg™! min”! 
increased VO, or energy expenditure in normal 
volunteers by 22-30%,!°!7 comparable doses of 
dopamine increased Vo, or energy expenditure by 
only 6-10%.?1819 Thus dopamine appears to 
increase VO, to a lesser extent than dobutamine. In 
these studies, both dopamine and dobutamine 
increased heart rate, stroke volume, cardiac output 
and, most likely, myocardial oxygen consumption. 
When the heart is in cardioplegic arrest and unable 
to respond mechanically to catecholamine stimula- 
tions (as in this study), catecholamines are likely to 
produce a smaller increase in Voo. In accordance 
with this hypothesis, dobutamine, administered in 
comparable doses, caused a 22-33% increase in Voz 
in healthy volunteers?!9 but only an 11% increase 
during CPB.! Conversely, the small 6—10% increase 
in Vo, during administration of dopamine in the 
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presence of an intact circulation?! would explain 
the lack of an increase in Vo, during constant flow 
CPB in this study. 

However, our results may only apply to non- 
pulsatile flow conditions. In the presence of pulsatile 
flow the absolute and relative effects of dopamine on 
gastric and cutaneous microcirculations may differ. 

Increasing flow rate increased gastric microcircu- 
latory blood flow. As Voy did not increase during 
this intervention, hypoperfusion is unlikely to have 
occurred at the lower flow rate. Although increasing 
flow rates may increase the likelihood of damage to 
blood components, our findings suggest that increas- 
ing flow rates may be a means of increasing gastric 
microcirculatory blood flow in patients at risk of 
splanchnic hypoperfusion. 

Laser Doppler flowmetry has been used previously 
to measure mucosal microcirculatory blood flow in 
animals?’ and humans.!3 Whereas in the absence of 
CPB, mechanical heart activity and ventilatory 
excursions transmitted to the very sensitive measure- 
ment probe via the oesophagus do, at times, produce 
artefacts, with the heart in cardioplegic arrest during 
CPB such artefacts do not occur. Laser Doppler 
flowmetry may not be reliable when there are acute 
changes in haemoglobin concentration.”° However, 
haemoglobin concentration did not change through 
our study. 

Randomization of the sequence of interventions 
(i.e. flow variation and dopamine infusion) might 
have been preferable. However, as there are no data 
on the clearance of dopamine during hypothermia 
we chose not to randomize the sequence of interven- 
tions. The similar values before flow intervention 
and before dopamine infusion are evidence of 
stability, and of return to baseline conditions after 
flow intervention. In addition, in three patients in 
whom the duration of CPB allowed a repeat 
measurement 10 min after discontinuation of 
infusion of dopamine, the laser signal returned to 
near baseline values. 

In conclusion, our data suggest that both increas- 
ing CPB flow rates and infusing dopamine during 
constant flow CPB did not affect Vo, but increased 
gastric microcirculatory blood flow. Patients at risk 
of gastric mucosal ischaemia may thus benefit from 
dopamine during CPB. 
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Effects of rocuronium and vecuronium on intracranial pressure, 
mean arterial pressure and heart rate in neurosurgical patients 


W. M. SCHRAMM, K. STRASSER, A. BARTUNEK, H. GILLY AND C. K. SPISS 


Summary 


We have evaluated the effects of a single bolus 
dose of rocuronium 0.6 mg kg~! (group 1, n =10) or 
vecuronium 0.1 mg kg? (group 2, n =10) on 
intracranial pressure (ICP), mean arterial pressure 
(MAP), cerebral perfusion pressure (CPP) and heart 
rate (HR) in 20 neurosurgical patients undergoing 
mechanical ventilation of the lungs during con- 
tinuous sedation with sufentanil and midazolam. 
Before and after neuromuscular block using twice 
the EDgg of the blockers, ICP, MAP, CPP and HR 
were recorded continuously for 15 min. Treatment 
caused no significant changes in ICP, CPP or MAP 
and there was no evidence of histamine release. 
Mean maximum block in the rocuronium group 
was slightly less than that in the vecuronium group 
(95.9 (3.1) % vs 100%; ns) The difference between 
the two groups in onset time (rocuronium 142 (62) s, 
vecuronium 192 (64) s; P = 0.04) was significant. 
Patients in the rocuronium group showed a slight 
(7 (4) %) but significant (P = 0.003) increase in 
heart rate. (Br. J. Anaesth. 1996; 77: 607-611) 


Key words 

Neuromuscular block, rocuronium. Neuromuscular block, 
vecuronium. Brain, intracranial pressure. Surgery, neuro- 
logical. Cardiovascular system, effects. Heart, heart rate. 
Arterial pressure, drug effects. 


For neurosurgery the use of drugs which do not 
increase or preferentially decrease intracranial pres- 
sure (ICP) is preferred. For emergency neuro- 
surgery, rapid sequence intubation is often 
performed as fasting conditions in patients with 
subarachnoid haemorrhages, severe head injury or 
intracerebral bleeding are often unknown. 
Suxamethonium is often used to facilitate tracheal 
intubation because of its rapid onset, but it has the 
disadvantage of increasing intracranial pressure.! 
Other non-depolarizing agents such as vecuro- 
nium!? and atracurium dibesylate! +> have no direct 
effect on ICP; however, their onset of action is con- 
sidered too long for rapid sequence intubation. 
Rocuronium is a non-depolarizing neuromuscular 
blocking agent with a faster onset than all currently 
available non-depolarizing agents, approaching that 
of suxamethonium.®’ 

There are no previous studies of the effects of 


rocuronium on cerebral dynamics. Because of the 
rapid onset of action of rocuronium,® we have com- 
pared the effects of rocuronium with those of 
vecuronium on ICP, mean arterial pressure (MAP), 
cerebral perfusion pressure (CPP) (= MAP — ICP) 
and heart rate (HR) in neurosurgical patients. 


Patients and methods 


After approval from the local Ethics Committee, we 
studied 20 ASA I-MI patients, aged 18-65 yr. 
Patients known or suspected of having neuro- 
muscular disorders, metabolic diseases, impaired 
renal function or impaired hepatic function were 
excluded. As osteoclastical trepanation interferes 
with the normal relationship between MAP and 
ICP, such patients were also excluded from this 
study. Five patients did not meet the inclusion 
criteria and these were replaced in order to have a 
total of 10 evaluable patients in each group. The 
investigation was performed in the neurosurgical 
intensive care unit, on postoperative or conserva- 
tively treated patients (table 1), after a stabilization 
period of at least 6 h without neuromuscular block. 
The lungs of all patients were ventilated in a volume- 
controlled mode with an air-oxygen mixture (Fio, = 
0.3-0.4) and received, at least 6 h before the start of 
the study, continuous sedation with sufentanil 1-3 
ug kg~! h`! and midazolam 0.05-0.15 mg kg™! h7! 
until at least the end of the study. An extradural 
probe (Gaeltec, Gaeltec Ltd, Scotland) or an intra- 
ventricular catheter (Cordis, Cordis Corporation, 
USA) was in situ for ICP measurements. 
Temperature (36-37 °C) and ventilation (end-tidal 
carbon dioxide concentration 44.5 kPa) were kept 
constant throughout the study. 

In the intensive care unit, an arterial cannula, 
neuromuscular block monitoring equipment 
(Myotest MK II, Biometer Odense, Denmark) and 
an end-tidal carbon dioxide sensor were attached. 
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Table 1 Patient data. Twenty neurosurgical patients received 2 X EDgo of either rocuronium or vecuronium. SAH=Subarachnoid 
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haemorrhage 
Patient 
No. Diagnosis Sex 
5 Intracerebral bleeding M 
6 Astrocytoma III M 
7 Comm. post. aneur., SAH M 
8 Comm. ant. aneur., SAH M 
9 Astrocytoma III M 
10 Aneur. middle cerebral art., SAH F 
12 Aneur. middle cerebral art., SAH F 
13 Meningioma temp. dext. F 
14 Aneur. middle cerebral art., SAH F 
15 Meningioma olfact. M 
16 Angioma parieto-occ. dext. M 
17 Aneur. comm. ant., SAH M 
18 Intracerebral haematoma M 
19 Intracerebral haematoma F 
20 Meningioma sphenoidale F 
21 Comm. ant. aneur., SAH F 
22 Comm. ant. aneur., SAH M 
23 Aneur. middle cerebral art., SAH M 
24 Comm. ant. aneur., SAH M 
25 Intracerebral haematoma M 





Neuromuscular block was monitored by supra- 
maximal single twitch stimulation of the ulnar 
nerve at the wrist (single twitches of 0.2 ms dura- 
tion at 0.1 Hz). Evoked responses were quantified 
mechanomyographically and recorded with a con- 
stant preload of 200—400 g on the adductor pollicis 
muscle to determine maximal neuromuscular 
response and onset time (time from administration 
of the neuromuscular blocking agent to 95% 
effect). HR, invasive MAP, end-tidal carbon 
dioxide, ICP and single twitch responses were 
allowed to stabilize for at least 10 min. Thereafter 
baseline variables (time T0: ICP), MAP-+), HRyo; 
CPP-o) and arterial blood samples were obtained 
for measurement of baseline Paco,. Patients in 
study group 1 received a single bolus dose of 
rocuronium 0.6 mg kg™! and patients in study 
group 2 a single bolus dose of vecuronium 0.1 mg 
kg! i.v. As rocuronium is approximately six times 
less potent than vecuronium,?!! both doses repre- 
sent twice the EDg9. HR, MAP, end-tidal carbon 
dioxide and ICP were recorded every minute for 15 
min (time T1-T15) after administration of the 
neuromuscular blocking agent. Changes in ICP 
(AICP; = ICP = ICP +t), HR (AHR;; = HR mR 
HR), MAP (AMAPn = MAP+, — MAP-0) and 
CPP (ACPP+; = CPP — CPP) were calculated 
for 15 min by subtracting the respective baseline 
values in both groups. Possible histamine-related 
reactions such as skin rashes, bronchospasms or 
severe (+20%) haemodynamic changes were 
recorded also. 

Non-parametric analysis of variance (Friedman) 
was performed for HR, MAP, ICP and CPP in both 
the rocuronium and vecuronium groups followed by 
the multiple comparison Wilcoxon—Wilcox!” if the 
Friedman test showed significance. Comparison of 
baseline variables ICPy),; MAPy), CPPro HRro, 
Paco.) and neuromuscular variables in both groups 
was performed using the Mann—Whitney—Wilcoxon 
test. Results were considered statistically significant 
at P < 0.05. 





ICP Age Weight Neuromuscular 
measurement (yr) (kg) blocker 
Extradural 32 100 Vecuronium 
Intraventricular 42 100 Vecuronium 
Intraventricular 32 95 Rocuronium 
Extradural 59 80 Vecuronium 
Extradural 42 79 Rocuronium 
Intraventricular 56 80 Rocuronium 
Intraventricular 27 55 Vecuronium 
Extradural 34 75 Rocuronium 
Intraventricular 37 80 Vecuronium 
Extradural 58 92 Vecuronium 
Extradural 43 85 Vecuronium 
Intraventricular 43 110 Rocuronium 
Extradural 25 65 Vecuronium 
Extradural 43 75 Vecuronium 
Extradural 63 75 Rocuronium 
Extradural 51 75 Rocuronium 
Extradural 51 85 Rocuronium 
Intraventricular 51 85 Vecuronium 
Intraventricular 60 70 Rocuronium 
Extradural 41 75 Rocuronium 
Results 


Characteristics of the 20 patients in the two groups 
are shown in table 2. Baseline variables did not 
differ significantly between the two groups. The 
time course of AICP, ACPP, AMAP and AHR 
during the 15-min study period is shown in figures 
1 and 2. In the rocuronium group, the change in 
ICP from baseline varied from —3 to +4 mm Hg 
and in the vecuronium group from —4 to +2 mm 
Hg. There were no significant changes in ICP, 
MAP and CPP in each group even though MAP 
decreased slightly (4%) in the rocuronium group. 
Patients in the rocuronium group showed a slight 
(+7 (4) %) but significant (P = 0.003) increase in 
HR which peaked 5 min after drug administration 
and decreased thereafter to baseline values. HR 
did not change in patients in the vecuronium 
group. No patient had histamine-related symp- 
toms or adverse clinical events. Mean maximum 
block in the rocuronium group was slightly lower 
than that in the vecuronium group (95.9 (3.1) % 
vs 100%; ns). The difference between the two 
groups in onset time (rocuronium 142 (62) s, 
vecuronium 192 (64) s; P = 0.04) was significant 
(table 2). 


Table 2 Patient-related data and baseline variables (mean (sD 
or range) or number). n=10 for each group. ICP=Intracranial 
pressure, MAP=mean arterial pressure, HR=heart rate, 
CPP=cerebral perfusion pressure (CPP=MAP—ICP) 





Rocuronium Vecuronium 
Age (yr) 47.3 (32-63) 41.7 (25-59) 
Height (cm) 173 (5.8) 168 (6.5) 
Weight (kg) 81.9 (12.1) 81.7 (14.3) 
Sex (M/F) 6/4 1/3 
Baseline ICP (mm Hg) 14.2 (8.0) 15.9 (10.6) 
Baseline MAP (mm Hg) 86.4 (9.9) 86.6 (11.0) 
Baseline HR (beat min” !) 85.0 (12.0) 82.8 (17.6) 
Baseline CPP (mm Hg) 72.2 (9.19) 70.7 (13.93) 
Baseline Paco, (kPa) 4.4 (0.3) 4.4 (0.2) 
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Figure 1 Changes from baseline of intracranial pressure (ICP), 
cerebral perfusion pressure (CPP), mean arterial pressure 
(MAP) and heart rate (HR) after administration of vecuronium 
0.1 mg kg~! (mean, sp). 


Discussion 


In this study ICP was measured after administration 
of rocuronium 0.6 mg kg™! or vecuronium 0.1 mg 
ke~! in adult neurosurgical patients undergoing 
mechanical ventilation and continuous sedation with 
sufentanil and midazolam. To avoid any impact of 
concomitant neuromuscular block during the study, 
only intermediate-acting neuromuscular blocking 
agents were used for tracheal intubation during the 
pre-study period. In this study we attempted to con- 
trol and minimize confounding factors that could 
influence ICP. External stimuli such as noise, touch 
and tracheal suction which might alter ICP were 
either avoided or held constant during the study. 
Reliable monitoring of ICP with either an intra- 
ventricular or extradural probe was achieved as 
measurements were performed only after a stabiliza- 
tion interval of at least 6 h. Recording of ICP during 
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Figure 2 Changes from baseline of intracranial pressure (ICP), 
cerebral perfusion pressure (CPP), mean arterial pressure 
(MAP) and heart rate (HR) after administration of rocuronium 
0.6 mg kg~! (mean, sD).*P < 0.05. 


surgery could have been confounded by surgical 
manipulation. ICP was measured extradurally in 12 
and intraventricularly in eight patients. Although it 
has been shown that extradural pressure correlates 
closely with intraventricular pressure over a wide 
range in animals and in clinical practice,!3 we 
decided to include approximately the same number 
of patients with ICP measured extradurally and 
intraventricularly. As our study was undertaken in 
both six patients with extradural ICP measurement 
and four patients with intraventricular ICP measure- 
ment, a possible impact of measurement technique 
was excluded. However, both are accepted methods 
of ICP measurement and this study aimed to detect 
changes from baseline rather than absolute values. 
The non-parametric statistical analysis of choice to 
detect only changes in ICP from the baseline in a 
time span (figs 1, 2) was therefore the Friedman test. 

We used sufentanil and midazolam for sedation. 
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There is controversy on the effects of sufentanil on 
ICP but recent studies have shown that sufentanil 
exerts minimal influence on ICP.!4 In patients 
sedated adequately with sufentanil, concomitant 
haemodynamic changes!> are critical for adequate 
CPP, therefore, the infusion rate of sedating drugs 
remained unchanged before and during the study. 

There was no significant change from baseline in 
MAP in the two groups during the 15-min study. 
The rocuronium group showed a transient increase 
in HR (fig. 1) which peaked 5 min after administra- 
tion of the neuromuscular blocking agent. The fact 
that patients were stable before the beginning of the 
study might have contributed to the marked cardio- 
vascular stability noted in this study. Increases in HR 
from baseline, probably because of a vagal blocking 
effect, did not exceed 7% and MAP did not decrease 
by more than 4% in the rocuronium group. These 
changes were not clinically important. Our results 
concur with a report on dose-related HR increases 
associated with rocuronium in humans.!®!7 As the 
drug possesses no ganglionic blocking effect or 
histamine-releasing properties,!8!9 a substantial 
decrease in MAP was unlikely. CPP is calculated 
from MAP and ICP, which were not influenced by 
either blocker and therefore CPP was not impaired. 

A reduction in cerebral perfusion and venous 
blood return caused by coughing or poor synchro- 
nization with the ventilator results in increased 
cerebral oedema. In neurosurgical patients, neuro- 
muscular block is important to avoid brisk bucking, 
straining and coughing during laryngoscopy and 
tracheal intubation. In neurological patients with 
severe head injuries or subarachnoid haemorrhages 
who are restless and demonstrate difficulty in artifi- 
cial ventilation in spite of sedatives and analgesics, 
neuromuscular block may be the treatment of choice 
to prevent an increase in ICP.??! 

It is known that tubocurarine may increase ICP?? 
by ganglionic block which may also produce arterial 
hypotension. If an increase in ICP occurs concomi- 
tantly with a decrease in MAP, a substantial decrease 
in CPP occurs. In patients with disturbed auto- 
regulation, increased MAP after administration of 
pancuronium could be a disadvantage. Atracurium 
has the potential to release histamine, but in humans 
as in animals,*?3 atracurium has been shown to have 
minimal effect on ICP. Vecuronium does not induce 
histamine release nor does it change MAP or HR. In 
patients with brain tumours, vecuronium had mini- 
mal effects on ICP,??4 which was consistent with our 
results. From the point of view of direct cerebral 
effects, non-depolarizing neuromuscular agents, 
such as pancuronium,?> vecuronium!??4 and 
atracurium, that do not increase ICP, are appro- 
priate for use during neurosurgical procedures and 
for intubation. Good-to-excellent intubating condi- 
tions should exist to limit the increase in ICP which 
may be caused by intubation. The use of suxametho- 
nium to facilitate tracheal intubation in neurosurgi- 
cal patients has been associated with an increase in 
ICP for 4-6 min.!?6 The mechanism of this effect 
has been ascribed to transient EEG desynchroniza- 
tion secondary to muscle fasciculation and con- 
comitant increase in cerebral blood flow and cerebral 
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blood volume*7?! and to a transient increase in 
intra-abdominal pressure caused by muscle fascicu- 
lations leading to increased central venous pressure 
and intracerebral venous pressure.?? Thus the 
increase in ICP is thought to be specific for depolar- 
izing neuromuscular blocking agents. The use of 
suxamethonium therefore has been declining in 
clinical neuroanaesthetic practice, with the excep- 
tion of emergency situations, such as the patient with 
a full stomach in whom rapid sequence induction is 
recommended. 

Rocuronium is the first non-depolarizing neuro- 
muscular blocking agent with a rapid onset 
(approaching that of suxamethonium) and good-to- 
excellent intubating conditions.” The results of our 
study suggest that rocuronium may be used for neu- 
rosurgical patients without the risks associated with 
suxamethonium. 
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Interactions between suxamethonium and mivacurium or atracurium 


K. S. Kim, D. J. NA AND S. U. CHON 


Summary 


We have compared the dose-response relation- 
ships of suxamethonium, mivacurium and 
atracurium and examined the interactions of 
suxamethonium with mivacurium or atracurium in 
humans by isobolographic analysis. We studied 
100 adult patients during fentanyl and thiopentone 
anaesthesia. Neuromuscular function was moni- 
tored using a Myograph 2000 (Biometer Co., 
Odense, Denmark). The dose-response curves were 
determined by probit analysis. Isobolographic and 
fractional analyses were used to assess quantita- 
tively the combined effect of equipotent doses of 
suxamethonium, mivacurium and atracurium and 
to define the type of interaction between suxa- 
methonium and mivacurium or atracurium. The 
EDs values for suxamethonium, mivacurium and 
atracurium were 198.8 (95% confidence interval 
190.7—206.9), 48.6 (45.4-51.8) and 202.1 (197.9— 206.2) 
mg kg~', respectively. lsobolographic and fractional 
analyses of the suxamethonium—mivacurium and 
suxamethonium—atracurium combinations demon- 
strated antagonistic interactions. (Br. J. Anaesth. 
1996; 77: 612-616) 


Key words 

Interactions (drug). Neuromuscular block, suxamethonium. 
Neuromuscular block, mivacurium. Neuromuscular block, 
atracurium. Potency, anaesthetic, EDgp. 





Mivacurium is a new, short-acting, non-depolarizing 
neuromuscular blocking agent of the benzyliso- 
quinoline type.!? It is hydrolysed by plasma 
cholinesterase in vitro at 70-88% the rate of suxa- 
methonium.*5 Atracurium has an intermediate 
duration of action because of its chemical elimina- 
tion by the Hofmann mechanism.® The effects of the 
interaction between suxamethonium and non-depo- 
larizing neuromuscular blocking agents depend on 
the order of administration and doses used.”™-!2 
The interaction between non-depolarizing neuro- 
muscular blocking agents by  isobolographic 
analysis has been reported.!>!5 However, none of 
the data from these studies was subjected to 
interaction analysis. 

In this study, we have compared the 
dose-response relationships for suxamethonium, 
Mivacurium and atracurium and examined the 
interactions of suxamethonium with mivacurium 


or atracurium in humans by 
analysis. 


isobolographic 


Patients and methods 


After obtaining hospital Ethics Committee approval 
and informed consent, we studied 100 patients, ASA 
I or I, aged 17-59 yr, undergoing elective surgical 
procedures. No patient had any disease or metabolic 
abnormality known to alter neuromuscular transmis- 
sion or was receiving any drug known or suspected of 
interfering with neuromuscular function. 

Anaesthesia was induced with fentanyl 4-5 peg 
kg"! and thiopentone 5 mg kg™! i.v., without 
premedication, and maintained with a continuous 
infusion of thiopentone 10-15 mg kg™ h7! and 
intermittent boluses of fentanyl 1-2 pg kg”. 
Ventilation was adjusted to maintain normocapnia 
(end-tidal carbon dioxide partial pressure 4.8-5.3 
kPa) via a face mask without tracheal intubation. 
Halogenated anaesthetics or nitrous oxide were not 
used. 

The ulnar nerve was stimulated at the wrist with 
square-wave supramaximal stimuli of 0.2 ms dura- 
tion, delivered in a train-of-four (TOF) sequence at 
2 Hz every 10 s, using a Myotest DBS peripheral 
nerve stimulator (Biometer Co., Odense, Denmark). 
The resultant contraction of the adductor pollicis 
was recorded using a force displacement transducer 
and neuromuscular function analyser (Myograph 
2000, Biometer Co., Odense, Denmark), Preload 
tension of the thumb was maintained at 300 g 
throughout the investigation. The first twitch (T1) 
of the TOF was considered the twitch height. 

After stable recording of neuromuscular transmis- 
sion had been established for a minimum of 30 min, 
patients were allocated randomly to receive suxa- 
methonium, mivacurium, atracurium, suxametho- 
nium and mivacurium or atracurium combination. 
The following predetermined doses of drugs were 
administered to subgroups of 20 patients: suxa- 
methonium 150, 250 and 350 ug kg~!; mivacurium 
30, 50 and 70 pg kg™}; atracurium 150, 200 and 250 
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wg kg™!; suxamethonium and mivacurium, respec- 
tively, 198 and 48.6 pg kg~!, 247.5 and 60.8 pg 
kgl, 297 and 72.9 ug ke}; suxamethonium and 
atracurium, respectively, 198 and 202 ug kg`l, 
247.5 and 243.5 pg kg™!, 297 and 285 ug kg@!. 
Studies of the single-drug groups were concluded 
first, so that doses of the combination could be 
planned. From the dose-response curves of the 
neuromuscular agents administered alone, we deter- 
mined the respective effective doses resulting in 50% 
reduction of twitch tension (EDs,). Subsequently, 
dose-response curves were obtained by administra- 
tion of the following drug combinations in a constant 
dose ratio based on the EDs, values of the single 
agent. For the suxamethonium—mivacurium combi- 
nation, the following combinations were adminis- 
tered: 1 X ED, suxamethonium + 1 X EDs 
mivacurium; 1.25 X ED.) suxamethonium + 1.25 
x EDs) mivacurium; and 1.5 X EDsg suxametho- 
nium + 1.5 X ED.) mivacurium. Similar dose ratio 
combinations were used for the suxamethonium— 
atracurium combination. 

All drugs were given over 5 s into a rapidly flowing 
i.v. infusion. In the combination group, drugs were 
injected simultaneously into two separate i.v. 
cannulae inserted in one arm. The neuromuscular 
response was recorded as maximum depression of 
T1, expressed as a percentage of the control value, in 
the arm opposite to that cannulated. When the maxi- 
mum effect of the selected dose was reached (that is, 
when no further decrease in evoked response to three 
consecutive stimuli occurred), the study was termi- 
nated and anaesthesia continued as appropriate for 
surgery. 

The percentage values for twitch depression in 
each group were transformed to probits and plotted 
against the logarithm of the dose.!® Regression lines 
were compared using analysis of covariance. EDs, 
values were calculated from the log—probit regres- 
sion lines for each group. Using analysis of variance, 
we compared age, weight and height between the 
different groups. Unless otherwise specified, the 
results are expressed as mean (95% confidence inter- 
vals) and were considered significant when P < 0.05. 

Isobolographic analysis!” !8 was used to define the 
type of interaction between suxamethonium and 


mivacurium or atracurium. This analysis has the 
advantage of being independent of the slopes of the 
dose-response curves, that is parallelism does not 
have to be established. It has been used to confirm 
the interactions between non-depolarizing neuro- 
muscular blocking agents!4!5 and between other 
drugs.!*?! If the ED, of a combination falls on the 
theoretical additive line, the effect of the drug mix- 
ture is additive. Points to the left of the theoretical 
additive line would be consistent with a synergistic 
interaction, whereas points to the right of the line 
would indicate an antagonistic interaction. 
Confidence intervals for each point were calculated 
from the variances of each component alone and 
were evaluated for statistical significance using the 
unpaired Student’s t test. 

Fractional analysis?* was based on the expression 
of the component doses of the two agents of the 
combination as fractions of the doses that produce 
the same effect when given separately. Values near 1 
indicate additive interaction, values greater than 1 
imply antagonism and values less than 1 indicate 
synergism. This analysis was also used to con- 
firm the interaction between non-depolarizing 
neuromuscular blocking agents.!415 


Results 


Patient characteristics are shown in table 1; they 
did not differ between groups. The calculated 
EDs, values for twitch depression were 198.8 
(95% confidence interval 190.7-206.9), 48.6 
(45.4-51.8) and 202.1 (197.9-206.2) pg kg™! for 
suxamethonium, mivacurium and atracurium, 
respectively. The dose-response curves are shown 
in figures 1 and 2. The regression lines for suxa- 
methonium, mivacurium, atracurium and the 
combinations did not deviate from parallelism. 
The slopes for suxamethonium alone, mivacurium 
alone, suxamethonium combined with mivac- 
urium, and mivacurium combined with suxa- 
methonium were, respectively, 5.4 (5.0-5.8), 3.2 
(2.7-3.7), 7.2 (6.9-7.5) and 6.3 (5.8-6.8) (fig. 1). 
The slopes for suxamethonium alone, atracurium 
alone, suxamethonium combined with atracurium, 
and atracurium combined with suxamethonium 


Table 1 Patient characteristics (mean (range or SD) or number), M-S=Combination of mivacurium and 
suxamethonium; A-S=combination of atracurium and suxamethonium. No significant differences between groups 


Mivacurium Atracurium 
Age (yr) 32.3 (20-53) 33.3 (17-55) 
Weight (kg) 64.6 (11.5) 62.8 (9.8) 
Height (cm) 168.4 (10.5) 165.8 (9.1) 
Sex (M/F) 9/11 8/12 


Suxamethonium M-S A-S 
36.9 (19-61) 32.6 (19-55) 34.3 (19-59) 
65.3 (7.2) 62.6 (11.7) 62.5 (9.6) 
166.8 (8.9) 168.1 (7.9) 165.6 (8.7) 
10/10 10/10 9/11 





Table2 Equipotent doses (ED) and 95% confidence intervals for mivacurium and suxamethonium administered alone and in 


combination in a fixed-dose ratio 
Mivacurium component 


Fraction of EDs Dose (ug kg7!) 


Mivacurium 1 48.6 (45.4-51.8) 
Suxamethonium — — 
Combination 0.62 30.2 (28.6-31.8) 


Suxamethonium component 


Fraction of EDs, Dose (ig kg!) Sum of fraction 
— — 1 

198.8 (190.7-206.9) 1 
0.62 123.3 (119.2-127.4) 1.24 
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Table 3 Equipotent doses (ED59) and 95% confidence intervals for atracurium and suxamethonium administered alone and in 


combination in a fixed-dose ratio 





Atracurium component 


Suxamethonium component 




















Fraction of EDso Dose (ug kg~!) Fraction of EDs Dose (pg kg~!) Sum of fraction 
Atracurium 1 202.1 (197.9-206.2) — — 1 
Suxamethonium — — 1 198.8 (190.7-206.9) 1 
Combination 0.59 119.2 (115.1-123.3) 0.59 117.3 (110.2-124.4) 1.18 
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Figure I! Log dose-probit plot for twitch depression for 
mivacurium with (O) or without (M) suxamethonium, and 
suxamethonium with (©) or without (@) mivacurium. Individual 
points represent mean (95% confidence intervals) twitch 
depression (% control) with each dose. 
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Figure 3 First-twitch EDs, isobologram for the interaction of 
mivacurium (M) and suxamethonium (S). The broken line 
connecting the single-drug ED, points is the theoretical additive 
line; the point on this line is the theoretical additive point (95% 
confidence intervals). The experimentally determined ED;g dose 
(95% confidence intervals) of the mivacurium—suxamethonium 
(M-S) combination showed significant antagonistic effect 

(P < 0.0005). 


were, respectively, 5.4 (5.0-5.8), 6.5 (6.2-6.8), 
5.3 (5.1-5.5) and 5.7 (5.2—6.1) (fig. 2). The slopes 
and intercepts of the combined drugs were signifi- 
cantly different from those of the single drugs 
(P < 0.05). l 


Dose (ug kg”) 


Figure 2. Log dose-probit plot for twitch depression for 
atracurium with (A) or without (A) suxamethonium, and 
suxamethonium with (©) or without (@) atracurium. Individual 
points represent mean (95% confidence intervals) twitch 
depression (% control) with each dose. 
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Figure 4 First-twitch ED, isobologram for the interaction of 
atracurium (A) and suxamethonium (S). The broken line 
connecting the single-drug EDs, points is the theoretical additive 
line; the point on this line is the theoretical additive point (95% 
confidence intervals). The experimentally determined EDs, dose 
(95% confidence intervals) of the atracurium—suxamethonium 
(A-S) combination showed significant antagonistic effect 

(P < 0.0005). 


Isobolographic analyses demonstrated antagonis- 
tic interactions with respect to the neuromuscular 
blocking activity of the suxamethonium and 
mivacurium or atracurium combinations (figs 3, 4). 
Fractional analyses of these interactions also 
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demonstrated antagonism (tables 2, 3). The EDs, 
isobologram for the suxamethonium—mivacurium 
interaction is shown in figure 3. The experimentally 
determined ED,, value for the combination was 
123.3 (119.2-127.4) wg kg™! for suxamethonium 
and 30.2 (28.6-31.8) ug kg! for mivacurium. The 
theoretical additive ED, value was calculated as 
99.4 (91.3-107.5) wg kg! for suxamethonium and 
24.3 (21.2-27.4) pg kg! for mivacurium. The 
confidence intervals of these points did not overlap 
and the result of Student’s ¢ test for potency ratio 
was significant (P < 0.0005). 

The EDs, isobologram for the suxamethonium-— 
atracurium interaction is presented in figure 4. The 
experimentally determined ED,, value for the com- 
bination was 117.3 (110.2-124.4) jg kg! for suxa- 
methonium and 119.2 (115.1-123.3) wg kg7! for 
atracurium. The theoretical additive EDs, value was 
calculated as 99.4 (91.3-107.5) ug kg™! for suxa- 
methonium and 101 (96.8-105.2) pg kg! for 
atracurium. The confidence intervals of these points 
did not overlap and the result of Student’s ¢ test for 
potency ratio was significant (P < 0.0005). 


Discussion 


We have found that isobolographic analyses demon- 
strated that the combination of suxamethonium and 
mivacurium or atracurium exerted greater antago- 
nistic effects than those seen with either agent 
administered alone. Fractional analyses of these 
interactions also demonstrated antagonistic interac- 
tions, that is the effect of the combination was pre- 
cisely that expected from the dose-response relations 
of the individual agents. 

Suxamethonium was administered before or after 
non-depolarizing neuromuscular blocker in previous 
studies,’ !* however, in this study suxamethonium 
and mivacurium or atracurium were administered 
simultaneously for isobolographic analysis. 
Potentiation of the effects of atracurium® and 
tubocurarine!® was reported by prior administration 
of suxamethonium. In contrast, Walts and Dilien’ 
noted the opposite for tubocurarine. Previous 
administration of suxamethonium had only minor 
effects on the following mivacurium block.!!!? 
Pretreatment with mivacurium had a marked antag- 
onistic effect on the development of subsequent 
depolarizing block produced by suxamethonium.!! 
Small doses of suxamethonium might antagonize the 
partial block seen during recovery from atracurium, 
but larger doses usually enhanced the block.® 

Szalados, Donati and Bevan”? reported that small 
doses (0.15-0.25 mg kg~!) of suxamethonium were 
associated with more twitch augmentation than 
higher doses. This was probably because twitch 
height was the algebraic sum of neuromuscular block 
and twitch augmentation. The large increases in 
twitch height observed with small doses suggested 
that twitch augmentation predominated with small 
doses, and block was more prominent if large doses 
were given. In this study the doses of suxametho- 
nium (150, 250 and 350 pg kg!) were similarly 
small as those of twitch augmentation. 

Traditionally, mivacurium or atracurium produce 


mainly competitive block of postsynaptic receptors. 
Such a block might be overcome by increasing the 
concentration of agonist usually, in clinical practice, 
by administration of neostigmine. However, suxa- 
methonium also acted as an agonist and interacted 
with the same postsynaptic receptors, leading to the 
opening of ionic channels and depolarization of the 
membrane. In turn, this may initiate a muscle action 
potential and contraction. We interpreted our results 
collectively as the combination of suxamethonium 
and mivacurium or atracurium acted as the 
competitive antagonism at postsynaptic receptors. 

Both mivacurium and suxamethonium are metab- 
olized by plasma cholinesterase, suggesting that 
potentiation of block should occur in combination. 
However, recovery of twitch height during mivac- 
urium block was even slightly shortened after suxa- 
methonium in a patient with normal cholinesterase 
activity.!? We also found that the antagonistic action 
of the combination of mivacurium and suxametho- 
nium was similar to that of the combination of suxa- 
methonium and atracurium which was not 
metabolized by plasma cholinesterase (figs 3, 4). 

In this study, the ED. value for suxamethonium 
(198.8 wg kg") was similar to that reported by Smith, 
Donati and Bevan? (210 (190-230) pg kg! during 
opioid-thiopentone-nitrous oxide anaesthesia). 
Naguib and colleagues!! reported that the EDs, for 
suxamethonium was 86 yg keg! by the single-dose 
technique during 1 MAC isoflurane anaesthesia, and 
Miller and colleagues?” reported 88 pg kg™! by the 
cumulative dose technique during 1.25 MAC of isoflu- 
rane anaesthesia. Isoflurane may have potentiated 
neuromuscular block in these studies. We used the 
single-dose technique as the cumulative dose technique 
underestimated the potency of suxamethonium.** 

The dose-response relationship of mivacurium 
and atracurium was estimated by means of the 
single-dose technique rather than by the cumulative 
method commonly used with neuromuscular block- 
ing agents of long duration of action.” The poss- 
ibility of higher ED; and ED »s values of 
short-acting neuromuscular blocking agents gener- 
ated by the cumulative method relative to the single- 
dose technique has been discussed by Gibson and 
colleagues.?728 We also used the single-dose tech- 
nique for mivacurium and atracurium. Diefenbach 
and colleagues”? reported that the ED., of mivac- 
urium was 48 wg kg~! during nitrous oxide and fen- 
tanyl anaesthesia, and this was similar to our result. 
Sokoll and colleagues?” reported the ED.) of 
atracurium during nitrous oxide and fentanyl anaes- 
thesia as 120 ppg kg~!. Naguib and colleagues!* cal- 
culated an EDs, of 50.5 pg kg”! during isoflurane 
anaesthesia. Isoflurane potentiated neuromuscular 
block, but Sokoll and colleagues?° used no inhala- 
tion agent. The only methodological difference 
between the study of Sokoll and colleagues and ours 
was the use of nitrous oxide for maintenance of 
anaesthesia. This raises the possibility of an 
interaction between nitrous oxide and atracurium. 

We conclude that the interaction of suxametho- 
nium and mivacurium or atracurium combination 
was the result of antagonistic action at the neuro- 
muscular junction. 
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Midlatency auditory evoked potentials as indicators of perceptual 
processing during general anaesthesia 


N. A. M. DE BEER, J. C. VAN Hoorr, C. H. M. BRUNIA, P. J. M. CLUITMANS, H. H. M. 


KORSTEN AND J. E. W. BENEKEN 


Summary 


We tested the hypothesis that midlatency auditory 
evoked potentials (MLAEP) can predict the occur- 
rence of long latency AEP components (LLAEP), 
which are taken as evidence for perceptual pro- 
cessing. Forty-one patients undergoing cardiac 
surgery were anaesthetized with propofol and 
alfentanil. During several periods of surgery 
we recorded LLAEP. Peak-to-peak amplitude 
measures were used to determine if a particular 
LLAEP recording trace contained a recognizable 
waveform. Both before and after each LLAEP 
recording epoch, MLAEP and the spontaneous 
electroencephalogram (EEG) were recorded. Peak 
latencies and amplitudes of brainstem peak V and 
midlatency peaks Na, Pa, Nb, Pb and Nec, character- 
istic frequencies from the spontaneous EEG, mean 
arterial pressure (MAP) and nasopharyngeal temp- 
erature (7) were compared between recording 
epochs with and without clear LLAEP waveforms. 
These variables were also used in a discriminant 
analysis to predict the occurrence of an LLAEP 
waveform. Pa and Nb latencies were significantly 
shorter both before and after recording epochs in 
which an LLAEP waveform occurred, compared 
with epochs in which no LLAEP waveform 
occurred. Using a combination of up to six EEG, 
MLAEP, MAP and T measures, it was possible to 
predict the occurrence or absence of an LLAEP 
waveform with a sensitivity of 89% and specificity 
of 86%. We conclude that MLAEP components 
provide information on the possibility of percep- 
tual processing during general anaesthesia, and 
thus may be relevant for monitoring depth of 
anaesthesia. (Br. J. Anaesth. 1996; 77: 617-624) 


Key words 
Brain, evoked potentials. Monitoring, evoked potentials. 
Anaesthesia, depth. 





Many studies on intraoperative memories suggest 
that auditory information processing may persist 
during general anaesthesia,! but there is still no stan- 
dardized method for determining during operation 
whether or not an auditory stimulus is actually per- 
ceived. The availability of such a method is an essen- 
tial prerequisite for monitoring anaesthetic depth. 


Auditory evoked potentials (AEP) provide a method 
for monitoring the transmission and processing of 
auditory stimuli from the cochlea to the cortex. The 
AEP consists of a series of waves that are character- 
ized by their latency (the time of occurrence after 
sound onset) and amplitude. Brainstem auditory 
evoked potentials (BAEP), consisting of waves 
I-VI, occur within 10 ms after stimulus presenta- 
tion, and reflect activation of the acoustic nerve and 
brainstem auditory structures. Midlatency AEP 
components (MLAEP) occur between 10 and 100 
ms after sound onset. MLAEP components are 
termed NO, P0, Na, Pa, Nb, Pb and Ne, and are 
thought to be generated in thalamic and cortical 
auditory structures. MLAEP components are fol- 
lowed by long latency AEP components CLLAEP) 
which reflect activation of the association areas of the 
cerebral cortex. LLAEP components P1, N1 and P2 
reflect the more cognitive aspects of information 
processing.? (No general agreement exists over the 
exact boundary to use between midlatency and long 
latency components. Theoretically, Pl] and N1 are 
identical to Pb and Nc. In this article, labels P1 and 
N1 were used to indicate components elicited in an 
oddball paradigm, while labels Pb and Nc were used 
to indicate components elicited by clicks.) 
Thornton has shown that BAEP components 
increase in latency with increased levels of volatile 
agents, whereas they remain unaffected by i.v. anaes- 
thetics.? Latency and amplitude of MLAEP compo- 
nents have been found to show dose-related changes 
with general anaesthetics that were highly similar for 
inhalation and i.v. agents. In addition, the 
decrease in Nb and Pb amplitude induced by anaes- 
thesia was found to be reversed by surgical stimula- 
tion. These results suggest that MLAEP 
components are related to responsiveness of the 
auditory pathways. However, their occurrence is 
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insufficient evidence that the presented stimulus is 
actually perceived.® The purpose of this study was to 
investigate the relationship between MLAEP com- 
ponents and auditory perception. Evidence of such a 
relationship would provide further support for the 
usefulness of the MLAEP for routine monitoring of 
perceptual processing during anaesthesia. 

Previous research on this relationship has focused 
on the isolated forearm technique (IFT) and implicit 
memory. In a study by Thornton and colleagues,’ it 
was shown that responsiveness, as indicated by IFT, 
was associated with shorter latencies of MLAEP 
peak Nb. IFT measures the ability of a patient to 
respond to verbal commands during anaesthesia. 
Absence of a response may indicate unconscious- 
ness, but it is also possible that the patient wanted to 
respond, but was unable. Furthermore, it may be 
difficult to distinguish general movements from a 
purposeful response to command. Another limita- 
tion is that this technique can only be used for a 
short period of time, to prevent ischaemia in the iso- 
lated arm. In a study by Schwender and co-workers,® 
Pa latency was 100% sensitive and 77% specific in 
predicting implicit memory for material presented 
during the intraoperative period. Although this sup- 
ports the notion that MLAEP measures reflect some 
degree of perceptual processing, the results of 
implicit memory tests are not determined exclusively 
by the effects of anaesthesia on perceptual process- 
ing but also on memory processes. In addition, the 
results of implicit memory tests may also be affected 
by intermediate processes between the time of 
stimulus administration and the time of testing. 

To circumvent these disadvantages of the IFT and 
implicit memory tests, we focused on LLAEP com- 
ponents as a possible way of obtaining evidence for 
perceptual processing. The N1 and P2 components, 
occurring approximately 100 to 200 ms after a stim- 
ulus, are associated with early discrimination 
processes. Their amplitudes are influenced not only 
by the physical features of the stimuli, but also by the 
subject’s attention.? The P3 component is a task- 
related component, most typically elicited by an 
infrequent stimulus presented against a background 
of frequent, standard stimuli (the so-called oddball 
task). This component, which has a latency of 
250-600 ms, reflects controlled stimulus processing 
and target detection, presumably associated with 
conscious awareness of the presented stimulus.!? 
Evidently, recording of LLAEP components in addi- 
tion to MLAEP components would create the poss- 
ibility of relating early cortical MLAEP changes 
resulting from anaesthesia to variations in levels of 
perceptual and cognitive processing. 

In this study, MLAEP and LLAEP were 
recorded during several periods of cardiac surgery 
with propofol-alfentanil anaesthesia. Our hypothe- 
sis was that MLAEP measures can predict the 
occurrence of LLAEP components (specifically 
the P1-N1-P2 complex), which is taken as the ear- 
liest evidence of perceptual processing. The pre- 
dictive value of MLAEP measures was compared 
with that of mean arterial pressure, nasopharyn- 
geal temperature and several spectral EEG 
measures. . 
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Patients and methods 


The study was performed at the Catharina Hospital, 
Eindhoven, and was approved by the local medical 
Ethics Committee. Informed consent was obtained 
from 41 patients (34 male) undergoing cardiac 
surgery. Mean age of the patients was 59 (range 
38-74) yr. Two patients underwent aortic valve 
replacement and the others underwent coronary artery 
bypass grafting. Patients were premedicated approxi- 
mately 2 h before surgery with morphine 10 mg s.c. 
Total i.v. anaesthesia was used with propofol and 
alfentanil. Anaesthesia was induced with a loading 
dose of propofol 2 mg kg™! and alfentanil 100 ug kg™,= 
given over 12 min; after this, anaesthesia was contin- 
ued with infusion rates of propofol of 8 mg kg™! h`! 
and alfentanil 4 ug kg~! min“! for 10 min, then propo- 
fol 6 mg kg~! h7! and alfentanil 3 ug kg~! min™! for 10 
min and finally propofol 4 mg kg~! h7! and alfentanil 
2 ug kg! min~! for maintenance. Pancuronium 8 mg 
was used to facilitate tracheal intubation. Additional 
pancuronium 8 mg was given at the start of cardiopul- 
monary bypass (CPB). The lungs were ventilated 
mechanically with air and oxygen to maintain end-tidal 
carbon dioxide pressure at 4 kPa. Oxygen saturation 
was monitored continuously. Increases in arterial pres- 
sure were counteracted with nitroglycerin or ketensine 
and decreases with administration of i.v. fluids, cal- 
cium or inotropic drugs, together with reduced doses 
of propofol and alfentanil. During CPB moderate 
hypothermia to 32 °C was used. 


RECORDING PROCEDURE 


Baseline recordings for both MLAEP and LLAEP 
were obtained on the morning of operation before 
patients were premedicated. During surgery 
MLAEP and LLAEP recordings were obtained 
during the following periods: before CPB (approxi- 
mately 30 min after first incision); at the start 
of CPB; during CPB; at the end of CPB; and 
approximately 10 min after CPB. 

In the event that surgery was too short to complete 
all recording series, period 3 was excluded. MLAEP 
and LLAEP were recorded successively during each 
of the above periods, as presented schematically in 
figure 1, because MLAEP components are typically 
evoked by presentation of auditory clicks, while 
LLAEP components are best elicited by tones with a 
much lower presentation rate. In addition, different 
filter settings are needed for these two types of AEP 
components, for which we used different EEG 
amplifiers. The total recording time in each record- 
ing period was limited to 22 min, as indicated in 
figure 1; typically it was about 15 min. The exact 
moment and duration of each recording epoch was 
dependent on the absence of disturbances caused by 
electrosurgery or the bypass pump. 

An IBM-compatible 486 personal computer pro- 
vided with a LabMaster analogue-to-digital (A/D) 
and digital-to-analogue (D/A) converter (Scientific 
Solutions, Solon OH) was used for presentation of 
MLAEP and LLAEP stimuli, control of the oddball 
task and acquisition of all neurophysiological signals, 
as described in the next sections. 
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MLAEP Max LLAEP Max MLAEP 
2 min 90s 10 min, max 15 min 90s 2 min 


< Max 22 min => 





Figure 1 Schematic representation of MLAEP and LLAEP recording epochs. 


LLAEP RECORDING AND PROCESSING 


LLAEP were recorded during passive auditory odd- 
ball tasks. For baseline measurements, patients were 
instructed to ignore the stimuli. No specific instruc- 
tions were given for the intraoperative recordings, 
because it was assumed that during anaesthesia 
patients would not be able to direct their attention 
towards any of the stimuli. Two tones of different 
-pitch were presented binaurally through Nicolet 
Tip-10 insert earphones. The tones were 100-ms 
bursts of a digitally stored sine wave of 70 dB sound 
pressure level (SpL), with rise and fall times of 10 
ms. Eighty percent of the stimuli were “standard” 
1000-Hz tones, and 20% were “deviant” 2000-Hz 
tones. The inter-stimulus interval was 1044 ms. 
During two intraoperative oddball tasks (periods 1 
and 4) five one-syllable words were presented 
repeatedly inter-mixed with the two types of tones. 
In these tasks the words had a probability of 0.15, 
compared with 0.70 for the standard tones and 0.15 
for the deviant tones. After operation these words 
were tested for (covert) recognition, which will be 
reported in detail elsewhere (van Hooff and col- 
leagues, in preparation). In the preoperative period, 
a total of 200 stimuli were presented. During 
surgery, 400-600 stimuli were presented because of 
a poorer signal-to-noise ratio. 

For LLAEP processing, the raw electroencephalo- 
gram (EEG) was recorded from silver—silver chloride 
electrodes placed at Fz, Cz, Pz and two lateral posi- 
tions C5 and C6, located midway between T3—C3 
and T4-C4, respectively. Linked pre-auricular 
points served as reference. Recording and averaging 
were performed as described previously,!! with the 
exception of filtering and artefact detection. In this 
study, the EEG signals were digitally filtered using a 
33-point finite- impulse response bandpass filter 
with —3 dB cut-off frequencies of 2.7 and 8 Hz. The 
criteria for detecting an artefact were the occurrence 
of spikes greater than 110 wV, drift greater than 80 
uV in a single trial or a difference in DC level in suc- 
cessive 250-ms epochs larger than 60 uV. The mean 
number of trials composing LLAEP in response to 
frequent tones, infrequent tones and words after 
artefact detection were 364 (SD 85), 87 (23) and 73 
(14), respectively. 

Peak amplitudes were determined for each indi- 
vidual waveform as being the most positive (for P1 
and P2) and most negative (for N1) values in 
selected time windows based on the grand averages. 
P1 amplitudes were determined relative to the 200- 
ms pre-stimulus baseline, and N1 and P2 were 
determined with respect to their preceding peak 
(PINI and NI1P2, respectively). P3 was not 
recognizable as a clear peak during anaesthesia and 
was therefore not quantified. Criteria for peak 


amplitudes were specified and used to judge whether 
or not a clear PI-N1-P2 complex could be distin- 
guished in individual intraoperative recordings. 
Because LLAEP components were most clearly 
visible at Cz and because the recordings to frequent 
stimuli had the best signal-to-noise ratio, this was 
done for the Cz electrode position and the LLAEP to 
frequent tones only. When P1N1 and N1P2 ampli- 
tudes were larger than their median amplitudes 
(1.46 pV and 1.73 pV, respectively) and the correla- 
tion with an overall average waveform obtained by 
averaging all intraoperative LLAEP was larger than 
0.55 (calculated over the first 800 ms of the response 
after tone-onset), then the recording was judged to 
be a clear LLAEP response, that is containing a 
recognizable P1-N1-P2 complex. The purpose of 
this assessment was to test if the presence of a clear 
LLAEP response could be predicted from the 
MLAEP. 


MLAEP RECORDING AND PROCESSING 


For MLAEP processing the raw EEG was recorded 
from Cz~Al and Cz-A2, each referenced to Fpz. 
Recording and filtering of the EEG was performed 
as described previously.!? Clicks were delivered with 
random inter-stimulus intervals, according to a 
Poisson distribution, with an average stimulation 
rate of 80 clicks s7}. An important implication of 
using this distribution for random presentation of 
stimuli is that the effects of interfering stimuli are 
distributed equally over the entire sweep, indepen- 
dent of sweep length.!3!4 This results in a smoothing 
of the effect of interfering stimuli. We chose a sweep 
length of 270 ms for averaging of the MLAEP in 
this study to ensure that component Nc could be 
detected if present. Automatic detection of arte- 
facts'? was used to exclude sweeps containing 
artefacts from the averaging process. The MLAEP 
was not used in further processing if, because of the 
occurrence of artefacts, the total number of sweeps 
in the resulting average was lower than 3000 (corre- 
sponding to a net recording time of 38 s). From the 
resulting averages the latency and amplitude of 
brainstem peak V and of midlatency peaks Na, Pa, 
Nb, Pb and Nc were determined. Brainstem peak V 
was used to check if a response was actually 
present: if peak V could not be determined, the 
entire MLAEP waveform was not used in further 
processing. 


PROCESSING OF THE SPONTANEOUS EEG 


The raw EEG recorded for MLAEP averaging was 
also used for spectral analysis, using the CCSA soft- 
ware package developed in our group.!> Before cal- 
culation of the spectra, the EEG was digitally 
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low-pass filtered, using a 69-point moving average 
filter with a —3 dB cut-off frequency of 32 Hz. 
Spectra were calculated from 8-s epochs using 2-s 
overlapping of epochs, and applying a Blackman 
time window to prevent spectral leakage. Detection 
and rejection of epochs from the filtered EEG that 
contained artefacts was done with the same algo- 
rithm as was used for detecting artefacts in the 
MLAEP. If the occurrence of artefacts caused the 
total number of remaining epochs for a specific 
recording to be lower than six (corresponding to a 
net recording time of 38 s), that recording was not 
used in further processing. The features derived 
from the calculated spectra were median frequency, 
95% spectral edge frequency and peak power fre- 
quency, and percentage delta (0—4 Hz), theta (4-8 
Hz), alpha (8-14 Hz) and beta (>14 Hz) power. 
The resulting spectral features for each recording 
were averaged so that one set of EEG features 
remained for each set of MLAEP features. 

Because the raw EEG was high-pass filtered at 5 
Hz to enhance the quality of the MLAEFP recordings, 
the calculated spectral features are higher than 
values reported in the literature as being necessary 
for surgical anaesthesia,!®!” especially for median 
and peak power frequency. Percentage delta power 
is lower in our study. 


RECORDING OF ARTERIAL PRESSURE AND 
TEMPERATURE 


The values of mean arterial pressure (MAP) and 
nasopharyngeal temperature (7) were measured at 
the start and end of each MLAEP recording epoch. 
To avoid large physiological changes during the 
recordings, limits of acceptability were defined for 
the changes in MAP and T. When the difference in 
MAP and T values at the start and end of an 
MLAEP recording epoch exceeded the thresholds, 
as indicated in the first row of table 1, this MLAEP 
recording was excluded from further analysis. If 
neither MAP or T exceeded these thresholds, then 
for each MLAFP recording the average of MAP and 
T values obtained at the start and end of this record- 
ing epoch were calculated for inclusion in further 
analyses. When the differences in these average 
MAP and T values for the MLAEP recordings before 
and after each LLAEP recording epoch exceeded the 
thresholds, as indicated in the second row of table 1, 
then this set of MLAEP and LLAEP recordings was 


Table 1 Thresholds for mean arterial pressure (MAP) and 
nasopharyngeal temperature (7) for inclusion in the analysis. 
The threshold for changes in MAP was based on the maximally 
allowed range for MAP during CPB (40-70 mm Hg). The 
thresholds for changes in T were based on a maximally allowed 
cooling and rewarming rate of 0.5 °C min! 





MAP T 
(mm Hg) (°C) 





Maximally allowed difference between values 

obtained at start and end of MLAEP 

recording epoch 30 1 
Maximally allowed difference between values 

obtained before and after LLAEP 

recording epoch 30 5 
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excluded from further analysis. This criterion 
implies that sets of MLAEP and LLAEP recordings 
for which there were no MAP or T values available, 
either before or after the LLAEP recording epoch, 
were also excluded from further analysis. 

Systolic and diastolic arterial pressures were not 
included in the analysis, because during bypass no 
observations for these variables were available. Heart 
rate was also not included, partly because during 
CPB heart rate is zero, and partly because several 
patients were paced after CPB. This implies that 
heart rate contains no relevant information in these 
situations. 


STATISTICAL ANALYSIS 


MLAEP and EEG measures, MAP and T (all 
recorded both before and after each LLAEP record- 
ing epoch) were tested for differences between 
recording epochs in which an LLAEP. occurred and 
epochs in which no LLAEP occurred. We used 
Wilcoxon’s rank sum test for this comparison 
because of the low number of observations in the 
group consisting of recording epochs in which a 
reliable LLAEP occurred. 


Predicting the occurrence of an LLAEP 


Discriminant analysis was used to examine if it is 
possible to predict the occurrence of an LLAEP 
waveform in a specific recording epoch. Based on 
observations of MAP, T and MLAEP, and EEG 
features, a discriminant function was estimated that 
optimally separates the group of recording epochs in 
which an LLAEP occurred from the group of record- 
ing epochs in which no LLAEP occurred. 
Estimation of the optima! discriminant function was 
performed several times, using different sets of 
features, to compare the predictive power of the 
various available features. First, it attempted to pre- 
dict the occurrence of an LLAEP using only the 
observations for MAP and T obtained at the start of 
each recording epoch. More variables were included 
for estimation of the discriminant function in subse- 
quent analysis cycles. These added variables were 
the measures derived from the EEG (median, spec- 
tral edge and peak power frequency, and percentages 
of delta, theta, alpha and beta power) in the second 
cycle, the measures derived from the MLAFP (laten- 
cies and amplitudes of peaks V, Na, Pa, Nb, Pb and 
Nc) in the third cycle, and finally all MLAEP and 
EEG derived measures in the fourth cycle. These 
four cycles were repeated to include also the obser- 
vations of the variables obtained at the end of each 
recording epoch. 

In each cycle the discriminant analysis calculated 
the best linear combination of features from the total 
available data set by stepwise selection of variables. 
To prevent the resulting discriminant function from 
becoming difficult to interpret, we limited the 
number of variables to be included in the discrimi- 
nant function to six in each cycle. The performance 
of the resulting discriminant function was tested 
after each cycle to see if its predictions agreed with 
the actual occurrence of an LLAEP waveform. 
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Table 2) Number of LLAEP recordings during the various 
periods of surgery. After selection=number of LLAEP recordings 
remaining after selecting those recordings for which both before 
and after the recording epoch, observations for MAP, T, 
MLAEP and EEG measures were present 
No. recordings After selection 


Total Clear LLAEP Total Clear LLAEP 


Total 176 4 52 9 
Before CPB 35 19 8 3 
At start of CPB 34 6 10 2 
During CPB 33 — 11 — 
At the end of CPB 34 11 4 1 
After CPB 40 8 19 3 


Because in this study we had only a limited amount 
of data available, we used the leave-one-out method 
for cross validation. This implies that when we have 
n data points, the discriminant function was calcu- 
lated from n—1 data points and subsequently tested 
on the one remaining datum point. This was 
repeated n times so that each datum point was used 
once for testing. Performance was assessed in terms 
of sensitivity, specificity and accuracy. Sensitivity 
was defined as the fraction of epochs for which the 
occurrence of an LLAEP was predicted correctly by 
the discriminant function. Specificity was defined as 
the percentage of epochs for which the absence of an 
LLAEP was predicted correctly. Accuracy was 
defined as the percentage of epochs for which the 
occurrence or absence of an LLAEP was predicted 
correctly. 
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Results 


In total, 176 LLAEP recordings were obtained 
during the 41 operations, of which 44 were judged as 
containing a clear LLAEP waveform (25%). Most of 
these clear LLAEP were recorded in the period 
before CPB, suggesting that perceptual processing 
occurred predominantly during this period. In table 
2 the total number of LLAEP recordings obtained 
during the various periods of surgery are summa- 
rized. Table 2 also summarizes the number of 
recordings in each period of surgery for which both 
before and after the recording epoch complete obser- 
vations for MLAEP, EEG, MAP and T were avail- 
able. Of these remaining recordings, nine recording 
epochs obtained in nine different patients contained 
a clear LLAEP. 

Examples of baseline and intraoperative LLAEP 
waveforms are presented in figure 2. Compared with 
preoperative LLAEP, intraoperative recordings were 
delayed and more positive going. N1, typical of pre- 
operative recordings, decreased to or below pre- 
stimulus baseline levels during anaesthesia. A P3 
response was generally absent in individual LLAEP 
traces. A more detailed description of the LLAEP 
results is presented elsewhere (van Hooff and col- 
leagues, submitted). Examples of baseline and intra- 
operative MLAEP waveforms are presented in figure 
3. Compared with baseline MLAEP waveforms, 
intraoperative MLAEP recordings showed longer 
latencies and smaller amplitudes. Compared with 
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Figure 2. Examples of baseline (left) and intraoperative (right) LLAEP waveforms. Solid lines = responses to frequent 
stimuli, broken lines = responses to infrequent stimuli. Negativity is plotted upwards by convention. 
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Figure 3 Examples of baseline (left) and intraoperative (right) MLAEP waveforms. Scaling of the axes is different 


from figure 2. 
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Figure 4 Mean (sp) values for MLAEP and EEG measures, mean arterial blood pressure (MAP) and nasopharyngeal 
temperature (7). Left column (A, C, E): MLAEP and EEG measures obtained before LLAEP recording epochs. Right 
column (B, D, F): MLAEP and EEG measures obtained after LLAEP recording epoch. First row (A, B): MLAEP peak 
latencies. Second row (C, D): MLAEP peak amplitudes. Third row (E, F): EEG spectral features, MAP and T. 

*P < 0.05 between recording periods (Wilcoxon rank sum tests). 


measures showed a decrease in median, spectral 
edge and peak power frequencies, an increase in 
percentage delta and theta power, and a decrease 
in percentage beta power. 

Mean (SD) values for MLAEP and EEG features, 
mean arterial pressure and nasopharyngeal tempera- 
ture obtained before and after LLAEP recording 
epochs are presented in figure 4. Latencies of 
MLAEP peaks Pa and Nb were significantly shorter 
(P = 0.050 and P = 0.045, respectively) at the start 
of LLAEP recording epochs in which a clear LLAEP 
occurred, in comparison with recording epochs in 
which no clear LLAEP occurred. Latency of 
MLAEP peak Pa was significantly shorter (P = 
0.020) at the end of LLAEP recording epochs in 


which a clear LLAEP occurred, compared with 
recording epochs in which no clear LLAEP 
occurred. Mean arterial pressure was significantly 
higher (P = 0.042) at the end of LLAEP recording 
epochs in which a clear LLAEP occurred, in com- 
parison with recording epochs in which no clear 
LLAEP occurred. 

The variables used in the discriminant function 
and its performance in predicting the occurrence of 
an LLAEP are summarized in Table 3. Adding only 
EEG features to the discriminant function did not 
improve the performance of the discriminant func- 
tion beyond the performance of using only mean 
arterial pressure. Adding features from the MLAEP 
to the discriminant function improved specificity, 
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Table 3 Performance in terms of sensitivity, specificity and accuracy of different combinations of types of measured 
variables to predict the occurrence of an LLAEP. The first column indicates the group of variables available to the 
discriminant analysis, the second column indicates which of these variables were actually selected, in order of impor- 











tance 
Sens. Spec. Acc. 
Variable group Variables used in discriminant function (%) (%) (%) 
Obtained before LLAEP recording epoch 
MAP + T 67 54 56 
MAP + T + EEG MAP 67 54 56 
MAP + T+ MLAEP Lat Nb, MAP, amp V, amp Pb, amp Nc 67 74 73 
MAP + T + MLAEP + EEG Lat Nb, beta, amp Nc, amp V, MAP, sef 78 84 83 
Obtained before (b) or after (a) LLAEP recording epoch 
MAP + T MAP (a) 56 63 62 
MAP + T+ EEG MAP (a) 56 63 62 
MAP + T + MLAEP Lat Pa (a), amp Nc (b), MAP (a), amp V 
(b), amp V (a), lat V (b) 78 81 81 
MAP + T + MLAEP + EEG lat Pa (a), beta (b), amp V (b) amp V (a), 
amp Nc (b), sef (b) 89 86 87 





that is correct prediction of absence of an LLAEP 
waveform. Adding features from both the MLAEP 
and EEG improved sensitivity and specificity. Using 
MLAEP and EEG measures obtained both at the 
start and end of LLAEP recording epochs mainly 
improved sensitivity, that is correct prediction of the 
presence of an LLAEP waveform compared with 
using only variables obtained at the start of LLAEP 
recording periods. 


Discussion 


The hypothesis underlying this study was that 
MLAEP measures can predict the occurrence of 
LLAEP components during general anaesthesia. 
Our basic assumption was that the occurrence of 
LLAEP components can be taken as the earliest 
evidence for perceptual processing. It has been 
demonstrated that the N1 and P2 components 
reflect some level of perception?!® and that P3 
reflects controlled stimulus processing and target 
detection.!°'!9 These LLAEP components have in 
common that they are sensitive to the subject’s psy- 
chological state, that is their amplitude and latency 
vary with attention, sleep or anaesthesia.!!2022 A 
study by Jessop and colleagues”? showed a correla- 
tion between amnesia and presence or absence of 
P3. 

When using an inter-stimulus interval of 1 s, and 
presenting a minimum of 200 stimuli (160 frequent 
and 40 infrequent stimuli), LLLAEP recording during 
anaesthesia would require at least 3 min. Therefore, 
LLAEP themselves cannot be used for monitoring 
purposes, because rapid fluctuations in anaesthetic 
state cannot be detected. Instead, LLAEP can be 
used as a reference measure, providing information 
on whether or not auditory information processing 
actually occurs. If measures more suitable for 
monitoring, such as MLAEP components or spectral 
EEG measures, were to appear to be predictive with 
respect to the occurrence of LLAEP, this would be 
strong evidence for the use of these measures. It has 
been suggested that recording of MLAEP compo- 
nents also has the drawback that a relatively long 
acquisition time is needed.?* A study by van de 
Velde, Cluitmans and Declerck?> showed, however, 
that using random presentation of auditory stimuli, 


as was used in this study, may result in the acquisition 
of acceptable MLAEP waveforms within 40-60 s. 


OCCURRENCE OF LLAEP WAVEFORMS 


In agreement with our previous study,!! P3 was not 
observed in individual intraoperative recordings, 
indicating that it is not likely that patients had 
awareness for the stimuli. Anaesthetic concentra- 
tions of fentanyl-isoflurane also suppressed the 
occurrence of a P3 response.”® To date, only Plourde 
and colleagues** claimed to have observed a P3 sub- 
component (P3a) during some periods of cardiac 
surgery during sufentanil anaesthesia. Although P3 
is promoted frequently as being a promising measure 
to detect intraoperative awareness, it seems too 
easily abolished by surgical anaesthesia. Therefore, 
the presence of earlier LLAEP components, reflect- 
ing early perceptual processes (presumably automat- 
ically), was taken as a reference measure in this 
study. A clear P1-N1-P2 complex was present in 
25% of intraoperative recordings. At first sight, this 
seems only a small proportion of all intraoperative 
recordings. However, these clear LLAEP were 
recorded in 28 of 41 patients, indicating that in 68% 
of all patients auditory processing persisted during 
some period of surgery. 

Unfortunately, not all LLAEP obtained were preceded 
and followed by MLAEP and EEG recordings within the 
imposed time limit of 90 s. This was because of the restric- 
tions imposed by external disturbances (e.g. electro- 
surgery), sudden changes during operation (e.g. onset of 
CPB) and anaesthetic or surgical intervention (e.g. defib- 
rillation). Additionally, considerable effort was made to 
avoid large physiological changes during each series of 
recordings. After application of criteria to ensure the con- 
tinuity of nasopharyngeal temperature and mean arterial 
pressure, 52 recording epochs, each comprising a series of 
MLAEP, LLAEP and MLAEP recordings as indicated in 
figure 1, remained for further analysis. From these 52 
recordings, nine were judged as containing a clear LLAEP 
waveform (17%). 


PREDICTIVE VALUE OF MLAEP AND EEG MEASURES 


Pa and Nb latencies were shorter and MAP was 
higher when they were recorded close to LLAEP 
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recording epochs comprising a clear LLAEP wave- 
form than when they were recorded close to LLAEP 
recording epochs comprising no reliable LLAEP 
waveform (see fig. 4). This suggests a possible rela- 
tionship between these measures and the presence of 
LLAEP components, that is the ability of higher 
level processing. This suggestion is supported by 
earlier observations of Thornton and colleagues’ and 
Schwender and colleagues,’ as described above. The 
predictive quality of Pa and Nb latencies in addition 
to MAP can further be derived from the fact that one 
or the other was always selected first in the discrimi- 
nant functions. Because both variables are highly 
correlated they were not selected simultaneously by 
the discriminant analysis. MLAEP amplitudes, spec- 
tral EEG measures and nasopharyngeal temperature 
were not significantly different, whether or not the 
nearby LLAEP recording epochs comprised a clear 
LLAEP waveform. Nevertheless, discriminant 
analysis revealed that some of these variables in com- 
bination had predictive value with respect to the 
occurrence of clear LLAEP waveforms. 

The results of our study indicate that both 
MULAEP and EEG measures may be used for pre- 
dicting the occurrence of perceptual processing 
during anaesthesia. We found an accuracy of 87% in 
predicting the occurrence of an LLAEP waveform 
within a limited period of time, using MLAEP and 
EEG measures obtained at the start and end of that 
period of time. Accuracy was still 83% when only 
data obtained before the actual occurrence of an 
LLAEP waveform were used for this prediction. 

In summary, we used LLAEP components for 
assessment of perceptual processing. The advan- 
tages of this technique are that it may also be used 
during longer periods of surgery, and that perceptual 
processing is assessed at the time it occurs. However, 
the long acquisition time needed for obtaining the 
LLAEP makes it unsuitable for routine monitoring. 
The results of our study provide additional support 
for the notion that the MLAEP and (to a lesser 
extent) the EEG may be used for routine monitoring 
of perceptual processing during anaesthesia. This 
may improve the conventional assessment of the risk 
of awareness based on clinical signs such as arterial 
pressure and heart rate. 
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Summary 


We have compared the analgesic efficacy of the 
racemic mixture and the stereoisomer (S+) of the 
NMDA antagonist ketamine. In a double-blind, 
three-way crossover, placebo-controlled study, we 
assessed the following: pain evoked by small/large 
area pressure stimuli, pain detection threshold and 
pain ratings to small/large area of heat stimuli, 
pain detection threshold and pain rating to heat 
stimuli of brief/flong duration, summation pain 
threshold and pain ratings to repeated heat/ 
electrical stimuli, side effects and reaction time. 
Plasma concentrations of 350 ng mi~! for ketamine 
{racemic) and 180 ng mi—' for ketamine (S+) were 
tried. We found that ketamine (racemic) prolonged 
the reaction time more than ketamine (S+). Both 
drugs affected pain caused by repeated stimuli or 
stimuli of long duration equally or more than a 
single stimulus of short duration. They also 
affected pain evoked from large areas equally or 
more than pain evoked from small areas. The 
(S+)-isomer was approximately twice as potent as 
the racemic mixture of ketamine in inhibiting 
central summation. (Br. J. Anaesth. 1996; 77: 
625-631) 


Key words 

Anaesthetics i.v. ketamine. Pain, mechanism. Pain, 
experimental. Pharmacokinetics, stereoisomers. 
Pharmacokinetics, ketamine. 


Several studies have indicated that anaesthetic 
agents are less effective in blocking pain caused by 
repeated/prolonged stimuli than pain caused by a 
single stimulus, and less effective in blocking stimuli 
covering large areas than stimuli covering small 
areas." Increased pain caused by repetition is 
termed temporal summation and increased pain as a 
result of activation of a large area is termed spatial 
summation. 

Wind-up (increased and prolonged firing after 
repeated stimulation) in animal dorsal hom 
neurones®® is probably the mechanism underlying 
temporal summation in humans. The mechanism 
behind spatial summation is less clear but is presum- 
ably a result of convergence on central neurones. 
Techniques to investigate wind-up are needed to 


assess the effect of different anaesthetic drugs on this 
mechanism in humans. Psychophysical and electro- 
physiological techniques have been established to 
assess temporal?!! and spatial!? summation in 
humans. 

Animal experiments have shown that NMDA 
antagonists inhibit wind-up.}?!> In human studies, 
NMDA antagonists (ketamine, dextromethorphan) 
were found to attenuate temporal summation.!°!4 
Unfortunately, few NMDA antagonists are available 
for human use and the existing drugs have severe 
psychomimetic side effects. Commercially available 
ketamine is a racemic mixture. In animal experi- 
ments the stereoisomer, ketamine (S+), has proved 
to be 2-3 times more potent but less psychoactive 
than the (R—)-isomer.!3 In a human study the (S+)- 
isomer was four times more potent than the (R-)- 
isomer for management of postoperative pain.'® 
Therefore, the (S+)-isomer offers clinically useful 
advantages if an equipotential dose causes less side 
effects than the racemic mixture. 

The aim of this double-blind, placebo-controlled 
human study was to use psychophysical techniques 
to determine the analgesic potency of ketamine 
(racemic) and ketamine (S+) on temporal and 
spatial summation and to compare potency and side 
effects. 


Subjects and methods 


We studied 12 paid, healthy students (mean age 27.1 
(range 23-41) yr). Mean weight was 69.8 kg (range 
58-86 kg). Informed consent according to the 
Helsinki Declaration was obtained and the study was 
approved by the Regional Scientific Ethics 
Committee, Bern. 

Iv. infusion of NaCl-glucose was started before 
testing. Pulse oximetry (Spo,), ECG and non-inva- 
sive arterial pressure were monitored during the 
study. Skin temperature at the lateral aspect of the 
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forearm was measured by a medical precision 
thermometer (Therm 3480-6, Holzkirchen, 
Deutschland). Mean reaction time to five 1000-Hz 
tone stimuli was determined. 


STIMULATION AND THRESHOLDS 


Heat stimulation 


The heat stimulator had a circular contact surface 
with a diameter of 20 mm (314 mm?). This surface 
consisted of a thin copper foil placed on top of a 
thermofoil (Minco Products, Inc.), being a resistive 
heating element in principle (fig. 1). As the mass of 
the heating element was low, rapid increases in 
temperature were obtained (30°C s~!). The thermo- 
foil was maintained at a constant baseline tempera- 
ture (35 °C) by adjusting the current passing through 
the element. Temperature was calibrated by the 
medical precision thermometer. To obtain active 
cooling of the skin after each stimulation, a relatively 
large aluminium block was placed behind the ther- 
mofoil. This block was maintained at a constant 
temperature of 10°C by a Peltier device and cooling 
water. This resulted in a skin cooling rate of up to 
15°C s7!, Five identical heat stimulators were con- 
trolled individually and the areas activated by one, 
two, three, four and five thermodes were 314 mm?, 
628 mm’, 942 mm?, 1256 mm? and 1570 mm?, 
respectively. The circular thermodes were placed on 
a line with a centre-to-centre distance of 50 mm. 
Heat pulses were delivered to the lateral aspect of the 
forearm without preparing the skin in any way. The 
inter-stimulus time was distributed randomly 
between 15 and 20 s. 


Spatial summation 


This stimulation procedure investigated if the drugs 
affected small and large areas in a similar way. 





Figure 1 Schematic drawing of the thermal stimulator used in 
this study, The heat foil is maintained at a baseline temperature 
of, for example 35°C (T1). The heat foil is glued (by thermal 
conductive glue) to an aluminium block maintained at a 
temperature of 10°C (T2). This controlled cooling temperature 
is obtained by a Peltier device which is again cooled by water. 
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Spatial summation was investigated by detection of 
the thermal pain threshold to one and five thermodes 
(314 and 1570 mm, respectively). The beat pain 
detection threshold was determined as the point 
where thermal sensation became painful. Peak temp- 
erature was increased automatically in steps of 
0.5°C until the threshold was reached. The stimulus 
was increased by 8°C s~! and maintained at the peak 
temperature for 2 s. 


Temporal summation 


This stimulation procedure determined if the drugs 
affected single and repeated stimuli in the same way, 
and short and long duration stimuli in a similar way. 
Temporal summation was investigated using a single 
thermode (314 mm?) and five pulses delivered at 
0.66 Hz (rise time 30°C s~!). The heat summation 
pain threshold was determined as the temperature at 
which the subject reported the pain to increase 
during the course of five stimuli.!! Temperature was, 
increased automatically in steps of 0.5°C until the 
summation threshold was reached. 

Another method of investigating temporal sum- 
mation was to change the duration of the heat pulse. 
Volunteers were stimulated with one and five ther- 
modes at a supra-threshold temperature of 50°C in 
two ways: (1) 50 °Cof one thermode was reached at 
8°C s~! and then immediately returned to baseline. 
Pain intensity was rated on a VAS scale; (2) 50°C of 
one and five thermodes was reached at 8°C s7! and 
maintained for 2 s and then returned to baseline. 
Pain intensity was rated on a VAS scale. 


Electrical stimulation 


This stimulation procedure examined if the drugs 
affected single and repeated stimuli in a similar 
manner. A constant current, computer-controlled 
stimulator (Aalborg University, Denmark) was used 
for percutaneous electrical stimulation of the sural 
nerve using a electrode with two silver-silver chlo- 
ride electrodes separated by 20 mm (131.20, Dantec, 
Denmark). Five constant current l-ms pulses sup- 
plied rectangularly at 200 Hz were defined as a 
“single stimulus”. When this single stimulus was 
repeated five times at 2 Hz, it was defined as 
“repeated stimuli”. The electrical summation pain 
threshold to repeated stimuli was determined as the 
point at which the subject felt an increasing sensa- 
tion during the five stimuli!! eventually resulting in 
pain. The intensity was increased in steps of 1 mA 
until the summation threshold was reached. At least 
10 s elapsed between individual stimuli. The VAS 
rating to 1.2 times the baseline summation pain 
threshold was determined. 


Pressure stimulation 


This stimulation procedure investigated if the drugs 
affected small and large areas in a similar way. 
Pressure was applied using an electronic pressure 
algometer (Somedic AB, Stockholm, Sweden). 
Pressure pain detection and tolerance thresholds 
were determined using two different probe areas 
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(6.0 mm and 10.8 mm diameter, 28 mm? and 92 
mm/?, respectively) applied at the second and third 
finger pulps of the left and right hand. Pressure was 
increased with a fixed rate of 50 kPa s~! correspond- 
ing to 1.4 N s~! and 4.6 Ns7! for the small and large 
areas, respectively. Ten to 15 s elapsed between 
stimuli. 


MEDICATION 


Volunteers received ketamine (racemic), ketamine 
(S+) or placebo (saline) in a randomized, double- 
blind, crossover design. Ketamine (racemic and S+) 
was administered by a target-controlled infusion 
system. This consisted of a computer connected to a 
Harvard 22 (Harvard Apparatus, South Natick, 
MA, USA) infusion pump with a serial interface. 
The pharmacokinetic variables for ketamine 
reported by Domino and co-workers!? were pro- 
grammed into the software Stanpump (Stanpump is 
available at no charge from the author, Steven L. 
Shafer, MD, Anesthesiology Service (112A), 
Pavamc, 3801 Miranda Ave, Palo Alto, CA 94304, 
or from the WWW at URL: http:@pkpd.icon. 
palo-alto.med.va.gov.). Stanpump attempts to 
maintain a constant plasma concentration by simula- 
tion. The programmed pump variables do not con- 
sider any stereoselective differences in ketamine 
pharmacokinetics. Pseudo-steady-state concentra- 
tions of 350 ng ml~! and 180 ng ml“! were targeted 
for racemic and ketamine (S+), respectively. 


GENERAL CONDITION AND SIDE EFFECTS 


Before the tests, subjects were asked if they felt 
calm/agitated (0 = very calm, 10 = very agitated), 
well/bad (0 = very well, 10 = very bad), and had side 
effects such as dreams (0 = no dreams, 10 = dreams 
all the time), and if dreams (0 = very pleasant 
dreams, 10 = very unpleasant dreams), or hallucina- 
tions (0 = none, 10 = much). The general condition 
and side effects were rated on a 10-cm electronic 
rating scale. Dreams were explained as experiences 
having a connection to reality and hallucinations 
without connection to reality. 


STUDY DESIGN 


All subjects attended three times, each attendance 
separated by 1 week. 

Each time a trial test series was performed before 
recording of a baseline test series. 

A test series lasted approximately 20-25 min and 
included recording of the following: 
® Side effect rating 
® Reaction time 
@ Skin temperature 
è Heat pain detection threshold to 314 and 1570 
mm? (8°C s~!, 2 s duration at peak temperature) 
@ VAS rating to 50°C at 314 and 1570 mm? (8°C 
s71, 2 s duration at 50°C) 
è VAS rating to 50°C at 314 mm? (2°C s7}, 8°C 
s}) 
ə Heat summation pain threshold (0.66 Hz, 30°C 
s71, 314 mm?) 
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Figure 2. Infusion rates used by the “Stanpump” to obtain the 
estimated target plasma concentration (dotted line) of 350 ng 
mi~! for ketamine (racemic). : 


@ Electrical summation pain threshold (2 Hz) 

e VAS rating to 1.2 X the initial electrical pain 
summation threshold 

@ Pressure pain detection and tolerance thresholds 
(28 and 92 mm?) 

After the baseline series the target-controlled infu- 
sion was started and equilibration for 15 min was 
allowed to ensure constant plasma and CNS con- 
centrations (fig. 2). A test series was then performed. 
Thereafter, the infusion was stopped, and a final test 
series was performed 60 min after the infusion was 
terminated. At this last test series the predicted 
plasma concentration (Stanpump) declined to only 
6-8 ng ml~! for racemic ketamine and 3-4 ng ml™! 
for ketamine S+. 


STATISTICAL ANALYSIS 


For each measurement (temperature, heat, pain 
threshold, etc.), the variance between drugs 
(racemic ketamine, (S+)-ketamine, placebo) and 
the conditions (before, during and after infusion) 
were tested using a two-factor ANOVA for repeated 
measures. In the event of interaction between drug 
and condition, multiple pairwise comparisons of the 
measures (e.g. heat, pain threshold before vs after 
ketamine) were performed with the Student- 
Newman-Keuls method for corrections of repeated 
measures. In cases where data for different measure- 
ments (e.g. small and large stimulation areas) were 
pooled, Student’s t test was used for comparison. 
P < 0.05 was regarded as significant. 


Results 


GENERAL CONDITION AND SIDE EFFECTS 


One volunteer was able to participate in only two of 
the sessions and was withdrawn from the rest of the 
experiment. During the three sessions, no differ- 
ences in “general feelings” (table 1) were reported 
before, during or after infusion. The amounts of 
infused ketamine (racemic) and ketamine (S+) were 
59.75 (5.29) mg and 29.22 (2.55) mg, respectively. 

The reaction times (table 2) to auditory stimuli 
were increased (P < 0.001-0.002) by approximately 
100 and 50 ms after infusion of ketamine (racemic) 
and ketamine (S+), respectively. These changes 
were significant (P < 0.001-0.003) compared with 
placebo. Ketamine (racemic) showed a significantly 
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Table 1 General feeling (feeling calm/agitated, feeling well/bad) 
and side effects (dreams and hallucinations) were rated on a 10- 

cm VAS scale (mean values are given), 20 min after administra- 

tion of ketamine (ket) (racemic)/ketamine (S+)/placebo (Pla) 


VAS (cm) 
Condition Ket/Ket (S+)/Pla 
Feeling 
Calm(0)/agitated (10) 
Before 0.4/0.8/0.8 
During 1.2/0.9/0.2 
After 0.2/0.3/0.2 
Well (0)/bad (10) 
Before 0.7/0.3/0.2 
During 0.7/0.8/0.2 
After 0.7/0.6/0.2 
Side effects 
Dreams (0-10) 1.8/2.1/0 
Dreams 
Pleasant (0)/Ainpleasant (10) 0.7/1.1/0 
Hallucinations (0-10) 2.1/1.2/0 


Table 2 Mean (SD) skin temperature and reaction time 
measured before, during and after ketamine (racemic)/ketamine 
(S+)/placebo infusions. *Different from baseline; {different from 
placebo; tdifference between drugs 
Ketamine 


Measurements Ketamine (S+) Placebo 


Skin temperature (°C) 


Before 32.1 (0.9) 32.0 (1.0) 32.2 (1.3) 

During 31.4 (1.0)*¢ 31.4 (1.D*} 32.1 (1.8) 

After 32.8 (0.9) 32.7 (1.2) 32.5 (1.4) 
Reaction time (ms) 

Before 102 (29) 105 (28)t 105 (22) 

During 200 (82)*t£ 150 (54)* 100 (20) 

After 114 (44) 110 (40) 101 (25) 


prolonged reaction time (P < 0.02) compared with 
ketamine (S+). 

The approximately 0.1-s increase in reaction time 
for ketamine affected the thresholds only marginally. 
The slowing in reaction time caused maximally a 
5-kPa increase in pressure thresholds, and 0.2°C 
and 0.8°C increases in thresholds to slow and fast 
temperature rise times. As skin temperature at the 
same time was decreased by approximately 1°C, the 
influence was limited. 


Table 3 Mean (SD) pressure pain detection and tolerance pain 
thresholds measured before, during and after ketamine 
(racemic)/ketamine (S+)/placebo infusions. Small (28 mm?) and 
large (92 mm?) areas were used. *Different from baseline; +dif- 
ferent from placebo; tdifference between drugs 


Measurements Ketamine Ketamine (S+) Placebo 
Detection threshold (small, KPa) 
Before 683 (75) 650 (63) 732 (85) 
During 1057 (109)*+ 965 (110)*¢ 703 (78) 
After 657 (78) 584 (63) 696 (101) 
Tolerance threshold (small, kPa) 
Before 1327 (114) 1360 (137) 1310 (127) 
During 1491 (153)* 1567 (137)*¢ 1340 (119) 
After 1261 (96) 1324 (129) 1209 (117) 
Detection threshold (large, kPa) 
Before 371 (121) 336 (142) 410 (134) 
During 615 (172)*tt 482 (153)*+ 435 (119) 
After 377 (82) 332 (79) 388 (101) 
‘ Tolerance threshold (large, kPa) 
Before 849 (177) 831 (239) 815 (242) 
During 978 (231)*} 935 (207)* 819 (243) 
After 753 (179) 779 (206) 768 (207) 
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PRESSURE PAIN DETECTION AND TOLERANCE 
THRESHOLDS (TABLE 3) 


For the small probe (28 mm’), increases (P < 
0.006-0.004) in pain detection and pain tolerance 
thresholds were obtained after infusion of ketamine 
(racemic) (374 and 164 kPa) and ketamine (S+) 
(315 and 207 kPa). 

For the large probe (92 mm?), increases (P < 
0.002-0.008) in pain detection and pain tolerance 
thresholds were obtained after infusion of ketamine 
(racemic) (244 and 129 kPa) and ketamine (S+) 
(146 and 104 kPa). A difference (P < 0.002~—0.03) 
from placebo was found for all tolerance thresholds 
except for the ketamine (S+) tolerance threshold. 
An increase (P < 0.01) in the pain detection thres- 
hold was found after infusion of ketamine (racemic) 
compared with infusion of ketamine (S+). 

The active drugs affected the large area to the 
same degree as the small area. When threshold 
determinations for the small and large probes were 
pooled, the pain detection thresholds increased (P < 
0.004) more than the tolerance thresholds for both 
drugs. 


HEAT PAIN DETECTION THRESHOLDS TO ONE AND 
FIVE THERMODES (TABLE 4) 


For one thermode (314 mm), an increase in heat 
pain threshold (2.7°C) was obtained after infusion 
of ketamine (racemic) (P < 0.001) and ketamine 
(S+) (P < 0.004, 2.1°C). These changes were sig- 
nificant compared with placebo (P < 0.002, P < 
0.003). For simultaneous activation of five ther- 
modes (1570 mm?), increases (P < 0.001--0.002) in 
the thresholds after ketamine (racemic) (3.6°C) and 
ketamine (S+) (2.4°C) were found compared with 
baseline and placebo, respectively. No differences 
were found between threshold changes for one and 
five thermodes. When threshold determinations for 
both drugs were pooled, a trend (P > 0.08) towards 
a larger increase in the five probe threshold than in 
the one probe threshold was found. Infusion of keta- 
mine (racemic) increased significantly the threshold 
to five probes (P < 0.002) more than ketamine (S+). 


VAS RATING TO ONE AND FIVE THERMODES (TABLE 4) 


A decrease in the VAS ratings to one thermode 
(50°C, 8°C s~!, 2 s duration) was found after infusion 
of ketamine (racemic) and ketamine (S+) compared 
with baseline (P < 0.001-0.002) and placebo (P < 
0.01-0.02), showing no difference between drugs. 

A decrease in VAS ratings to five thermodes 
(50°C, 8°C s~!, 2 s duration) was found after infu- 
sion of ketamine (racemic) and ketamine (S+) com- 
pared with baseline (P < 0.001-0.003) and placebo 
(P < 0.001-0.006), with no difference between 
drugs. There were no differences between VAS 
rating changes for one and five thermodes. If the 
heat pain thresholds and the VAS ratings to one and 
five thermodes for the two drugs were pooled statis- 
tically, measurements related to the five probe stim- 
ulation were changed significantly (P < 0.02) more 
than the one probe measurement. 


NMDA antagonist and summation 


Table 4 Mean (sD) variables measured before, during and after 
ketamine (racemic)/ketamine (S+)/placebo infusions. *Different 
from baseline; +different from placebo; tdifference between 
drugs 





Measurements Ketamine Ketamine (S+) Placebo 
Electrical summation threshold (mA) 
Before 6.3 (1.8) 6.1 (2.4) 6.6 (1.8) 
During 7.7 (1.9)*} 7.3 (2.6)*} 6.7 (1.7) 
After 7.0 (1.9) 6.6 (2.6) 6.9 (1.9) 
VAS 1.2x summation threshold (cm) 
Before 4.8 (1.9) 5.1 (2.4) 4.9 (1.9) 
During 2.6 (1.2)*} 3.7 (2.9)*} 4.8 (2.3) 
After 3.8 (1.7) 4.5 (1.8) 4.3 (2.3) 
Heat summation threshold (°C) 
(30°C s™!, 1 probe) 
Before 47.7 (1.0) 48.0 (0.7) 48.0 (1.2) 
During 50.6 (1.6)*¢ 49.9(1.6)*+ 47.8 (1.2) 
After 47.8 (1.2) 48.0 (0.9) 47.8 (1.6) 
Heat threshold (°C) ` 
(8°C s71, 2 s duration, 1 probe) 
Before 46.6 (1.2) 47.2 (1.4) 46.7 (1.7) 
During 49.3 (1.5)*+ 49.3 (2.0)*} 46.9 (1.7) 
After 47.2 (1.1) 47.2 (1.4) 46.8 (2.1) 
Heat threshold (°C) 
(8°C s~!, 2 s duration, 5 probes) 
Before 44.9 (0.9) 44.8 (1.9) 44.4 (2.2) 
During 48.5 (1.3)*tb 47.2 (1.7)*¢ 45.0 (2.3) 
After 45.6 (1.0) 45.5 (1.4) 45.1 (2.3) 
VAS 50°C (cm) 
(8°C s7!, 2 s duration, 1 probe) 
Before 4.8 (2.0) 3.9 (2.1) 4,3 (2.2) 
During 2.7 (2.3)*¢ 2.2 (2.6)*+ 4.2 (2.4) 
After 4.5 (2.1) 3.6 (2.4) 4.0 (2.8) 
VAS 50°C (cm) 
(8°C s~!, 2 s duration, 5 probes) 
Before 6.1 (2.1) 6.0 (1.8) 6.2 (1.6) 
During 3.8 (2.6)*t 4.1 (2.7)*} 6.2 (1.9) 
After 6.1 (1.8) 6.1 (2.1) 6.2 (2.0) 
VAS 50°C (cm) 
(2°C s~}, 1 probe) 
Before 4.6 (2.0) 4.2 (1.8) 4.6 (2.1) 
During 2.7 (2.6)*} 1.9 (1.4)*¢ 4.2 (2.6) 
After 4.8 (1.7) 4.3 (2.2) 4.4 (2.5) 
VAS 50°C (cm) 
(8°C s™!, I probe) 
Before 2.5 (2.0) 2.1 (1.5) 2.7 (2.0) 
During 0.7 (0.8)*} 1.0 (1.0)*t 2.9 (2.2) 
After 3.1 (2.2) 2.8 (2.2) 2.6 (2.5) 


VAS RATING TO ONE THERMODE USING DIFFERENT 
RISE TIMES (TABLE 4) 


A decrease in VAS ratings to one thermode (50°C, 
2°C s~!) was found after infusions of ketamine 
(racemic) and ketamine (S+) compared with base- 
line (P < 0.001-0.002) and placebo (P < 
0,008-0.01), with no difference between drugs. 

A decrease in VAS ratings to one thermodes 
(50°C, 8°C s71) was found after infusions of keta- 
mine (racemic) and ketamine (S+) compared with 
baseline (P < 0.002-0.006) and placebo (P < 
0.001—0.008), with no difference active drugs. 

A similar effect of the thresholds to 2°C s7! and 
8°C s~? was found for the drugs. 


VAS RATING TO ONE THERMODE USING DIFFERENT 
DURATIONS (TABLE 4) 


The VAS rating to one thermode (50°C and 8°C 
s7!) was compared between the session where the 
temperature decrease immediately after 50°C was 
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reached (0 s duration), and the session where 
temperature was maintained at 50°C for 2 s (2-s 
duration). The VAS score of the long duration 
stimulus was approximately two times higher than 
the VAS score of the short stimulus, but the changes 
provoked by the drugs were not different. 

When data from both drug studies were pooled, 
VAS of the stimuli of long duration (50°, 2°C s7!, 2 
s duration) was changed significantly (P < 0.004) 
more than for the stimuli of short duration (50°, 8°C 
s~? threshold, 0 s duration). 


HEAT SUMMATION PAIN THRESHOLD (TABLE 4) 


Increases in the summation threshold were found 
after infusion of ketamine (racemic) (P < 0.001, 
2.9°C) and ketamine (S+) (P < 0.001, 1.9°C), and 
these increases were significant compared with 
placebo (P < 0.001, P < 0.001, respectively). 


ELECTRICAL SUMMATION PAIN THRESHOLD (TABLE 4) 


Increases in the summation threshold were found 
after infusion of ketamine (racemic) (P < 0.003, 1.4 
mA) and ketamine (S+) (P < 0.003, 1.2 mA), and 
these increases were significant compared with 
placebo (P < 0.005). 


VAS RATING TO REPEATED ELECTRICAL STIMULI 
(TABLE 4) 


The VAS ratings to repeated, electrical stimuli were 
reduced by ketamine (racemic) (P < 0.002) and 
ketamine (S+) (P < 0.02) and these decreases were 
significant compared with placebo (P < 
0.004—0.04). 


Discussion 


Our study suggests that ketamine (racemic) and 
ketamine (S+) had potent analgesic effects com- 
pared with placebo on various pain modalities 
involving spatial and temporal summation aspects. 
No systematic differences in the analgesic effect of 
ketamine (racemic) and ketamine (S+) on summa- 
tion were detected, indicating a potency for the 
(S+)-isomer of twice that of the racernic mixture. 
Both drugs attenuated repeated heat and electrical 
stimuli, pain from large areas more than pain evoked 
from small areas, and long duration heat stimuli 
more than short duration stimuli. Ketamine. 
(racemic) prolonged the reaction time significantly 
more than ketamine (S+) indicating a different 
degree of sedation or impairment of motor 
performance. 


KETAMINE (RACEMIC) VS KETAMINE (S+) 


A dose ratio (1:2) has been found using depression 
of the auditory evoked potentials!8 or the hypnotic 
effect!9 as variables. These studies did not evaluate 
analgesic effects. Our study suggests that the chosen 
target concentration (assumed to be close to actual 
plasma concentrations) of ketamine (S+) of 180 ng 
ml~! inhibited central summation equally as 350 ng 
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ml~! of ketamine (racemic). However, true potency 
comparisons require dose-response curves for both 
the racemic mixture and the (S+)-isomer. In a 
recent clinical study the (S+)-isomer was found to 
be four times more potent than the (R—-)-isomer for 
management of postoperative orofacial pain.!® 

NMDA antagonists are reported to prevent wind- 
up in a wide dynamic range of neurones as a result of 
long-lasting C-fibre stimulation.!?!42° Interestingly, 
these drugs do not reduce the response to short-last- 
ing C-fibre stimulation.!2 For the management of 
acute pain states possibly inducing wind-up and 
hyperexcitability (e.g. trauma and surgical proce- 
dures), ketamine (S+) seems to be a suitable drug 
for further clinical study. 


TEMPORAL SUMMATION 


For a long time temporal summation has been con- 
sidered as an important mechanism for pathophysio- 
logical pain.6? We have recently shown that 
extradurally administered analgesics (bupivacaine) 
have substantially less effect on stimuli with long 
duration than on stimuli with short duration.*> This 
indicated that temporal summation may be an 
important factor for the lack of effectiveness of such 
anaesthetic procedures. During general anaesthesia 
with isoflurane, repeated stimuli were found to be 
largely unaffected compared with single stimuli.’ 

In this study, ketamine affected repeated stimuli 
and thermal stimuli of long duration similar to or 
more than stimuli of short duration. This was inter- 
preted as modulation of the facilitatory mechanisms 
underlying central temporal summation. 


SPATIAL SUMMATION 


It has been reported that spinally and extradurally 
administered analgesics have much less effect on 
stimuli covering large areas than on localized 
stimuli.!24 The threshold to large area stimulation 
was lower than that to small area stimulation, indi- 
cating the role of spatial summation as described 
previously.?! The measurements from the large areas 
were affected to the same degree or even more by 
ketamine than the small areas, indicating possible 
reduction by ketamine of the facilitatory mechanism 
underlying spatial summation. The obvious, com- 
plementary efficacy profiles between traditional 
anaesthetic procedures and ketamine suggest a 
clinical advantage of combining the two synergetic 
effects: generalized analgesia together with inhibition 
of summation. 


EFFECT OF KETAMINE ON HEAT AND PRESSURE 
THRESHOLDS 


The increase in heat pain threshold in this study con- 
trasts with the results of Anis and co-workers?? who 
found that ketamine had no consistent effect on the 
responses of dorsal horn neurones to natural stimuli, 
and to human findings.” In the study of Kristensen, 
Svensson and Gordth,”? no effect of CPP (a NMDA 
receptor antagonist) on the thermal pain detection 
threshold was detected. We have recent evidence 
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that high intensity laser heat pulses and brief 
electrical (20 ms train) pulses were not affected by 
ketamine (racemic).!4 

In this study the detection pressure threshold was 
increased by ketamine more than the tolerance thres- 
hold. Animal studies have indicated that the effect of 
ketamine is dependent on stimulus intensity.74 

From an “inhibition of temporal summation” 
point of view, the pressure pain thresholds to small 
area stimulation should be inhibited more than the 
thresholds to the large area as the pressure pain 
thresholds are largest for the small area and hence it 
takes more time to reach the small area thresholds. 
From an “inhibition of spatial summation” point of 
view, the pressure pain thresholds to small area stim- 
ulation should be inhibited less than the thresholds 
to large areas. Therefore, this suggested that keta- 
mine should provoke the largest changes in the pres- 
sure pain detection threshold to small area, and 
pressure pain tolerance threshold to large areas 
should be affected less. This was the result as seen in 
table 3 (mean changes of 344 kPa vs 116 kPa; P< 
0.001). 

In summary, we found that both ketamine 
(racemic) and ketamine (S+) had a general analgesic 
effect, an effect on repeated stimuli, an effect on long 
duration stimuli and an effect on stimuli covering 
large areas. The (S+)-isomer was approximately 
twice as potent in inhibiting central summation as 
the racemic mixture of ketamine at the chosen target 
concentrations. The chosen doses had the same 
number of side effects, although these were minimal. 
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Normal saline i.v. fluid load decreases uterine activity in active labour 


T. G. CHEEK, P. SAMUELS, F. MILLER, M. TOBIN AND B. B. GUTSCHE 


Summary 


This study was designed to observe the effects of 
i.v. fluid infusion on uterine activity during normal 
labour in women receiving an extradural block. 
Thirty-four women in spontaneous labour at term 
gestation were allocated randomly and prospec- 
tively to one of three i.v. pre-extradural fluid load 
groups: group A, no fiuid load; group B, normal 
saline 500 ml; and group C, normal saline 1000 ml. 
Continuous internal measurement of uterine 
activity was observed before, during and after fluid 
infusion and extradural block. In groups A and B, 
uterine activity did not change. In group C, uterine 
activity decreased after infusion of saline (P < 0.01) 
and returned to baseline over the next 20 min. 
Extradural block was not associated with a change 
in uterine activity. Hypotension was not increased 
in the group that received no fluid preload. (Br. J. 
Anaesth. 1996; 77: 632-635) 


Key words 
Fluids, i.v. Anaesthetic techniques, extradural. Uterus, 
activity. 


There is disagreement on the effect of lumbar 
extradural block on uterine activity and its influence 
on the progress of labour.!-5 It is presently common 
obstetric practice in the USA to infuse 500-1000 ml 
of i.v. normal saline as initial treatment in the 
tocolytic therapy of preterm labour.® The purpose of 
this. study originated from the question: if an i.v. 
fluid load of normal saline 500-1000 ml effectively 
inhibits uterine activity in more than 50% of subjects 
in preterm labour, what is the effect of similar fiuid 
load during normal active labour? If uterine activity 
is inhibited by such a fluid load, could this explain 
observations of decreased uterine activity after 
extradural block, a procedure normally preceded by 
an i.v. fluid load? This study was designed to observe 
the individual effects of i.v. fluid load and extradural 
block on uterine activity during normal active 
labour. 


Patients and methods 


After obtaining approval from the Institutional 
Committee for Human Studies and informed con- 
sent, we studied 34 healthy, ASA I-D term parturi- 
ents in spontaneous labour. Patients were allocated 


randomly and prospectively to one of three pre- 
extradural i.v. fluid load groups: group A, no fluid 
load; group B, normal saline 500 ml infused over 10 
min; group C, normal saline 1000 ml infused over 
10 min. All subjects received maintenance i.v. fluids:. 
5% glucose 125 ml h`?! in 1/2 normal saline from 
admission to the labour ward to just before the time 
of study (mean = 550 ml). None of the subjects 
received any medication before the study. Both 
primiparae and multiparae were studied. Extradural 
analgesia was performed with the subject in the 
lateral position with a total of 12 ml of 0.25% bupi- 
vacaine without adrenaline (a 3-ml test dose fol- 
lowed by 9 ml). After insertion of the extradural, 
continuous uterine displacement with a right hip 
wedge was maintained throughout the study. Fetal 
heart rate and maternal arterial pressure were noted 
at 5-min intervals and treatment for maternal 
hypotension was recorded. Maternal arterial pres- 
sure was determined at 1-min intervals for 5 min and 
at 5-min intervals thereafter for the first 30 min after 
local anaesthetic injection. If maternal arterial pres- 
sure decreased to less than 100 mm Hg for more 
than 1-2 min, i.v. ephedrine was given in 5-mg 
increments to obtain an arterial pressure of >100 
mm Hg. ; 

Continuous internal measurement of uterine 
activity was divided into 7—10-min intervals: 10 min 
of baseline uterine activity, 10 min of fluid infusion, 
20 min (2 X 10 min) for recovery from possible fluid 
load effects, and for 30 min after extradural injec- 
tion. Measurements were continuous after both fluid 
load and extradural injection, with 10 min allowed 
between measurements for insertion of the 
extradural catheter. Intrauterine pressure was 
measured with catheters positioned by an obstetri- 
cian in the uterine cavity. These were placed elec- 
tively for the purpose of the study and not for 
obstetric indications. Quantitative measurement of 
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Saline fluid load decreases uterine activity in labour 


uterine activity units, frequency, duration and inten- 
sity of contractions were calculated from the area 
under the graphic curve produced on tracing paper 
from the fetal heart monitor (Corometrics). 
Calculation of uterine activity for each interval was 
made by the same obstetrician (P. S.) who was 
unaware of the amount of fluid load or the time of 
extradural injection. One uterine activity unit is 
equivalent to 50 mm Hg s“!.7 

Two subjects were excluded in group A because 
precipitous delivery occurred before extradural block 
was performed. One subject each from groups B and 
C received fluid load measurements but rapidly pro- 
gressed to delivery before extradural block could be 
accomplished. Constraints during the measurement 
period included avoidance of change in subject posi- 
tion, voluntary pushing or intrauterine pressure 
system flushing. Measurements were not made if the 
subject vomited, in the presence of asymmetric trac- 
ing or if there was a suspicion of system malfunction. 
Cervical dilatation at the time of measurements was 
4-6 cm. 

Statistical analysis included paired Student’s £ test 
for patient variables. Analysis of variance over time 
within and between groups was determined for 
uterine activity with Tukey’s test because of the 
number of subjects involved. 


Results 


There were no differences between groups in mater- 
nal age, height, weight, gestational age or cervical 
dilatation at the start of the study (table 1). 

In group A (maintenance fluid only), uterine 
activity did not change during any period. In group 
B (fluid infusion of 500 ml i.v.), there was a decrease 
in uterine activity after the infusion, but this was not 
significant. In group C (infusion of 1000 ml i.v.), 
uterine activity decreased after the infusion (P < 
0.01) but returned to baseline over the next 20 min. 
Mean uterine activity did not decrease in any group 
after induction of extradural block. Uterine activity 
in the three groups in response to fluid load and 
extradural block is summarized in figure 1. There 
were no differences between groups in changes in 
maternal arterial pressure and there were no abnor- 
mal changes in fetal heart rate during the study. 
Duration of labour was not different between groups 
after initiation of the study. 
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There were no differences in incidence and 
severity of hypotension between the groups. 


Discussion 


Several factors associated with extradural block are 
reported to decrease uterine activity, including inad- 
vertent aorto-caval compression, maternal hypoten- 
sion, B agonist activity from low-dose adrenaline in 
the local anaesthetic solution, and possible direct 
local anaesthetic effects on the myometrium. After 
controlling for these variables, our data indicated 
that an i.v. fluid load before regional block caused a 
transient decrease in uterine activity. 

Rout and co-workers have reported attenuated 
protection against hypotension with pre-spinal i.v. 
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Figure 1 Uterine activity (mean, sp) after no fluid preload 
(0 ml) and after i.v. infusion of 500 and 1000 ml. B = Baseline, 
I = infusion, Extra. = extradural injection. 


Table 1 Patient characteristics (mean (SD or range)) or number 


Group A (no preload) 


n ll 

Age (yr) 20.7 (16-31) 
Gestational age (weeks) 39.5 (38-40) 
Weight (kg) 76.4 (6) 
Height (cm) 64.7 (0.7) 
Nullipara 8 
Multipara 3 

Cervical dilatation at study (cm) 5 (0.3) 

Ly. fluids before study (ml h`?) 125 

Forceps 3/11 
Vaginal delivery 9/11 


Caesarean delivery 2/11 


Group B (500 ml) Group C (1000 ml) 


8 1l 
22.7 (18-33) 21.1 (16-29) 
39 (37-40) 39 (38-40) 
79.7 (6.5) 75.5 (9.5) 
65.3 (0.5) 62.8 (1.8) 

5 7 

3 4 

4 (0.3) 4 (0.4) 
125 125 

2/8 3/11 

118 9/11 

1/8 2/1 
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fluid loading during Caesarean section.’ On a smaller 
scale we found that subjects who received no fluid 
load had no greater incidence or severity of hypoten- 
sion after 0.25% bupivacaine 12 ml than subjects 
who received 1000 ml i.v. fluid preload. It may be 
that as all subjects received maintenance i.v. fluids, 
intravascular volume was adequate to compensate for 
the increased vascular capacitance associated with a 
T9 (mean) sympathectomy. Our data suggest that a 
fluid load of I litre i.v. did not decrease the incidence 
of maternal hypotension in labouring patients. 

The incidence of slowing or arrest of labour, as 
defined by failure of cervical dilatation in the absence 
of extradural block, was reported by Bottoms, Sokol 
and Rosen as approximately 20%, with 5.5% defined 
as secondary arrest requiring obstetric intervention.? 
Arrest or slowing of labour was associated most 
commonly with decreased uterine activity. This 
indicates that under normal conditions one of five 
parturients experiences decreased uterine activity 
during labour, independent of external medication. 

The effect of extradural block on labour and 
uterine activity has been debated almost from the 
beginning of its use in obstetrics. Unfortunately, the 
clinical evidence offered in these arguments is 
largely anecdotal, uncontrolled, non-randomized 
and usually retrospective. Friedman and Sachtleben, 
in 1959, reported that caudal block to T10 did not 
alter uterine activity but that higher levels of block 
were associated with longer labours.!° This report 
was not based on a prospective, randomized series 
and maternal position or arterial pressure after 
caudal block was not reported. Lowensohn and col- 
leagues prospectively studied the effect of extradural 
lignocaine and propitocaine (a drug no longer in use) 
and reported a decrease in uterine activity after each 
injection of lignocaine that lasted approximately 20 
min.! This study was flawed by the addition of 
adrenaline to the local anaesthetic injectate, and 
neither the amount of preblock fluid loading nor the 
assurance of uterine displacement were reported. 

Quantitation of uterine activity during labour 
cannot be done with external tocodynamometry. 
Accurate measurement requires intra-cavitary place- 
ment of either a transducer or a fluid-filled catheter 
with a pressure transducer connected to a fetal mon- 
itor where the signal is expressed as a continuous 
tracing calibrated in mm Hg. Earlier investigators 
estimated uterine activity in Montevideo units where 
peak height of the contraction was multiplied by the 
number of contractions.!! Hon and Paul described a 
more precise method for quantitation of uterine 
activity measurement in which the integral under the 
uterine contraction curve was calculated and 
expressed in “torr seconds”.’ In this study, uterine 
activity was estimated by directly measuring the area 
under the uterine contraction curve and above 
baseline tone. 

Despite strict adherence to uterine displacement, 
avoidance of maternal hypotension and pre-block 
i.v. fluid load, transient decreases in uterine activity 
are still observed occasionally after extradural block 
for analgesia in labour. Normal uterine activity 
requires a complex interplay between ongoing 
uterine smooth muscle biochemical changes and a 
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set of external maternal and fetal signals.!? These 
external signals may be neural, or hormonal; the 
uterine smooth muscle and vascular system are 
innervated by sympathetic and peptidergic fibres and 
their transmitter and receptor content changes 
during pregnancy. Our data suggest that prehydra- 
tion before extradural block attenuated uterine 
activity. There are several possible explanations for 
decreased uterine activity observed after a fluid load. 
Valenzuela, Cline and Hayashi speculated that oxy- 
tocin and vasopressin secretion are inhibited directly 
at the neurohypophysis.© Transient dilution of 
plasma oxytocin concentrations by a fluid load may 
temporarily attenuate uterine activity. Both of these 
suggestions are in dispute because the effect of oxy- 
tocin on uterine activity is no longer thought to be 
dependent on circulating oxytocin concentrations 
but related rather to the number of myometrial oxy- 
tocin receptors and their degree of activity.!? 
Another suggestion is that the temperature (~22°C) 
of the infused i.v. solution may affect uterine activity. 
This is unlikely because cooling of the blood by 1 
litre of room temperature saline would be both small 
and rapidly dissipated. 

Rapid volume expansion increases transmural 
atrial distending pressure. This stimulates vagal 
neural afferents which may decrease posterior 
pituitary hormone secretion and sympathetic 
(particularly renal) nerve activity, and perhaps 
efferent peptidergic nerve activity. We speculate that 
the mechanism may lie either in a sudden humoral 
release, such as atrial natriuretic peptide (ANP) after 
rapid atrial distension, or a direct mechanical effect 
on the uterine vasculature producing local release of 
endothelial vasoactive peptides. Bek, Ottesen and 
Fahrenkrug have shown ANP to be a potent 
inhibitor of rat uterine smooth muscle contraction.!3 

Recently Eledjam and co-workers reported a 172% 
increase in ANP plasma concentrations of labouring 
women 15 min after i.v. fluid challenge with dextran 
40 250 ml.!4 ANP is a 28 amino acid peptide which 
is secreted directly by the atrium into the coronary 
veins, and causes vasodilatation, natriuresis and 
diuresis, and inhibition of secretion or end-organ 
effects of several vasoactive hormones, including 
angiotensin II and noradrenaline.!5 Concentrations 
of ANP increase slightly during pregnancy, and 
increase further with volume loading.!4 In contrast, 
Grunewald and colleagues infused 0.9% Ringer’s lac- 
tate 15 ml kg™! in normal parturients over 30 min. 
This caused a decrease in ANP from 6.5 to 4.6 pmol 
litre7!.!6 This may indicate that different i.v. 
infusates have different effects on ANP concentra- 
tions. ANP receptors are present in the non-pregnant 
rat uterus and inhibit uterine contraction and blood 
flow.!*!7 The time course of ANP release and action 
is consistent with the role of ANP in decreasing 
uterine activity during volume loading. However, the 
overall role of ANP in parturition is unknown. 
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Fuzzy logic control of mechanical ventilation during anaesthesia 


J. SCHAUBLIN, M. DERIGHETTI, P. FEIGENWINTER, S. PETERSEN-FELIX AND A .M. ZBINDEN 


Summary 


We have examined a new approach, using fuzzy 
logic, to the closed-loop feedback control of 
mechanical ventilation during general anaesthesia. 
This control system automatically adjusts ventila- 
tory frequency (f and tidal volume (Vr) in order to 
achieve and maintain the end-tidal carbon dioxide 
fraction (Fé’co,) at a desired level (set-point). The 
controller attempts to minimize the deviation of 
both fand Vr per kg body weight from 10 bpm and 
10 ml kg™!, respectively, and to maintain the 
plateau airway pressure within suitable limits. In 30 
patients, undergoing various surgical procedures, 
the fuzzy control mode was compared with human 
ventilation control. For a set-point of Æ'co, = 4.5 
vol% and during measurement periods of 20 min, 
accuracy, stability and breathing pattern did not 
differ significantly between fuzzy logic and manual 
ventilation control. After step-changes in the set- 
point of Fé'co, from 4.5 to 5.5 vol% and vice versa, 
overshoot and rise time did not differ significantly 
between the two control modes. We conclude that 
to achieve and maintain a desired Fé’co, during 
routine anaesthesia, fuzzy logic feedback control of 
mechanical ventilation is a reliable and safe mode 
of control. (Br. J. Anaesth. 1996; 77: 636-641) 


Key words 
Ventilation, mechanical. Carbon dioxide, partial pressure. 
Computers. Model, ventilatory mechanics. Model, computer 
simulation. 


During anaesthetic procedures, mechanical ventila- 
tion must be controlled continuously and adjusted in 
order to maintain a suitable arterial carbon dioxide 
tension (Paco,). In anaesthesia for intracranial 
surgery, for example, hypocapnia is used deliberately 
to reduce brain volume and intracranial pressure. 
For this purpose, recommendations have been pro- 
vided for the initial ventilator settings, particularly 
for ventilatory frequency (f) and tidal volume 
(VT). These settings are corrected according to 
periodic measurements of arterial blood-gas tensions 
or by using capnometry, or both.* Monitoring the 
end-tidal carbon dioxide fraction (F8’¢o,) allows 
indirect, non-invasive, breath-by-breath estimate of 
Paco, and is therefore essential for the control of the 
patient undergoing mechanical ventilation. As 
carbon dioxide production per minute (Vco,) and 


the relation of alveolar ventilation to pulmonary per- 
fusion (Val) may change during anaesthesia and 
surgery, adjustment of the ventilator settings by the 
anaesthetist is required. Alternatively, automatic, 
closed-loop control of mechanical ventilation has 
been designed and applied to lung models, animals 
and patients, using feedback control of F8’¢o,;7 '? of 
either FE’co,, inspired (Fico) or mixed expired 
(FEco,) carbon dioxide fraction,’ of the end- tidal 
carbon dioxide partial pressure (PE’¢o,),'* 
Paco,'**! arterial blood pH (pH,),”* alveolar pres- 
sure over time (PA(s))?? and gross alveolar ventila- 
tion (V,a).2425 The most frequently used output 
variables of these controllers were the ventilator set- 
tings for f, Vr and respiratory minute volume (VE), 
but other variables such as the ratio of inspiratory to 
expiratory time (J/E ratio) and the inspiratory pres- 
sure support were adjusted, and carbon dioxide, 
delivered from a rebreathing bag and added to the 
inspiratory fresh gas mixture, was applied, using 
proportional—integral—derivative (PID) principles.?® 

Recently, there has been increasing interest in the 
use of so-called intelligent control techniques in bio- 
medicine?’ and promising modern feedback control 
systems, based on fuzzy logic,?® have been developed 
for various applications in industry, for anaesthesia 
and for other branches of medicine.?®3? The soft- 
ware and methodology of a fuzzy controller of artifi- 
cial ventilation have been developed,?? but 
automatic control of FE'co, for the respiratory care 
of patients using fuzzy logic has not yet been per- 
formed. It was the aim of this study to compare the 
performance of this automatic, closed-loop control 
system to human control. 


Patients and methods 


We studied 30 patients, 10 females and 20 males, 
ASA I-M, mean age 47.0 (range 12-84) yr, mean 
weight 67.2 (41-93) kg, mean height 168.5 
(153-192) cm. Written informed consent had been 
obtained for the study which was approved by the 
Ethics Committee of the medical faculty of the 
University of Bern. These patients were undergoing 
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elective general, orthopaedic and ENT surgery. 
Exclusion criteria were patients of ASA classes >3, 
those <10 yr old (or body weight <35 kg), those 
whose lungs were not ventilated mechanically and 
where surgery was expected to last less than 2 h, and 
patients undergoing emergency or intracranial 
surgery. 

Anaesthetic management, except for mechanical 
ventilation, was selected and performed by the 
attending anaesthetists according to usual practice. 
An additional anaesthetist, responsible for the study, 
was present as a supervisor. We used a modified 
Cicero ventilator (Dragerwerk AG, Lübeck, 
Germany), where f and Vr could be adjusted 
electronically by the control computer. 

FE'co, was measured at the mouthpiece, using an 
airway adapter fitted with a gas sampling port and a 
flow and airway pressure sensor, and a side-stream 


infrared gas analyser (D-LITE adapter and 
Capnomac Ultima-SV, respectively, Datex 
Instrumentarium Corp., Helsinki, Finland). 


(Medical electrical equipment shall cause no safety 
hazard in normal and in single fault condition 
(International Standard 601-1 Clause 3.1 of the 
International Electrotechnical Commission.)) In the 
feedback control of mechanical ventilation, any 
failure of the Datex Capnomac Ultima-SV would be 
a single fault condition. Therefore, for safety 
reasons, an auxiliary side-stream anaesthetic gas 
analyser (M1025B, Hewlett Packard Co, Andover, 
USA), which was not implemented in the feedback 
control system, was used. Before the experiment, the 
gas monitors were calibrated according to the opera- 
tor’s manual. In addition to inspired/expired gas 
concentrations, peak airway pressure (Ppeak), 
plateau airway pressure (Pplat), positive end-expira- 
tory airway pressure (PEEP), inspired and expired 
volumes and pulse oximetry data were measured and 
displayed by the Datex Capnomac Ultima-SV. 
According to the manufacturer, accuracy and resolu- 
tion of this monitor for Fe’co9, measurements were 
< 0.2 and 0.1 vol%, respectively, and for airway 
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pressure measurements 0.15 and 0.1 kPa (1.5 and 
1.0 cm H,O), respectively. Values of FE'co, were 
displayed breath-by-breath with a response time of 
less than 360 ms and were transformed, together 
with the values of the additionally measured vari- 
ables, to a serial data string and transferred every 
10 s to the control computer. Values of the data 
string output were for FE’co,, the mean value of the 
latest 10 s breath-by-breath values, and for Ppeak, 
Pplat and PEEP, the momentary values of the 
previous breath. 


AUTOMATIC FEEDBACK CONTROL 


With the input of measured (FE'co, Pplat) and set 
variables (f, Vr ), the rule-based fuzzy controller 
determined new ventilator settings for fand Vr with 
a sample rate of 0.1 Hz, which compensated for the 
current deviation of FE'co, from the set-point 
(eFE’co,) (fig. 1). Details on the fuzzy control 
algorithm are given in the appendix. 

An IBM compatible personal computer was used 
for feedback control and for acquisition, display and 
storage of data. Computer programmes for these 
tasks were written in Modula-2 (Logitech SA, 
Romanel/Morges, Switzerland). 

For human and automatic closed loop control of 
mechanical ventilation, alarm messages were dis- 
played by the monitoring devices and the control 
computer if any of the preset limits of various vari- 
ables were exceeded. The fuzzy control mode could 
be switched to human control at any time. 


CLINICAL INVESTIGATIONS 


In 30 patients automatic fuzzy logic feedback control 
of artificial ventilation was compared with human 
control, which was performed by five staff members, 
15 residents and 10 anaesthesia nurses. 
Measurements were started during maintenance 
of anaesthesia, independent of whether or not 
surgery had begun. Patients were allocated randomly 
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Figure 1 Block diagram of the control loop for mechanical ventilation. From the actual 
end-tidal carbon dioxide fraction (FE’co,), measured by the capnograph (Datex 
Capnomac Ultima-SV), the deviation from the desired end-tidal carbon dioxide fraction 
(eF8'co,) = desired FE'co, (set-point) — actual FE'co, was determined and 
compensated by changes in ventilatory frequency (f) or tidal volume (Vr), or both, 
computed by the fuzzy controller. Every 10 s, fand Vr were set on the ventilator (Drager 


modified Cicero) by the control computer. 
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Table 1 Sequence of control periods for mechanical ventilation. Set-point of FE’ co, = desired end-tidal carbon 
dioxide fraction; f = fuzzy logic control; m = manual control. Thirty investigated patients were allocated randomly to 

















group A or B 

Period No. 

1 2 4 5 6 7 8 
Duration (min) 5 20 20 5 20 20 20 
Set-point of FE' co, (vol%) 4.5 4.5 4.5 45 4.5 5.5 4.5 
Group A m f f m m m m 
Group B m m m m f f f 





to the sequence of control periods (table 1). For each 
control mode and control period f and VT were set 
by the anaesthetist (manual control) or the computer 
(fuzzy logic control) in order to maintain the desired 
FE'co, Step-changes in the desired FE'co, during 
periods 3, 4, 7 and 8 (table 1) had to be achieved 
rapidly and smoothly without considerable over- 
shooting and consecutive oscillation of FE'co, IE 
ratio, the ratio of end-inspiratory pause time to total 
inspiratory time (Ipause/Iratio), PEEP and the pres- 


sure limitation of the ventilator (Pmax) were set . 


manually to 1:2, 10%, 5 and 40 mbar, respectively. 

Arterial blood was sampled for blood-gas analysis 
at the end of periods 2 and 6 (set-point of FE'co, = 
4.5 vol%) for all patients and, as a test, at the end of 
periods 3 or 7 (set-point of FE’co, = 5.5 vol%) for 
only five randomly selected patients during fuzzy 
ventilation control. 


DATA ANALYSIS 


Mean eFk’¢o,, as a measure of accuracy, and the sD 
of eFE’co, as a measure of the stability of the con- 
trol, were determined separately for each patient and 
each period of the trial programme (table 1) and 
each control mode. For computation of these two 
variables, data collected during the whole time inter- 
val of periods 2 and 6 were used, whereas for periods 
3, 4, 7 and 8, only data of the last 10 min of these 
periods were considered. Step-changes in the set- 
point of FE'co, were judged by the 10-90 rise time 
(Tio-90) and the overshoot. For an increase in the set- 
point (periods 3 and 7), T,99 was defined as the 
time required for FE'co, to increase from 10% 
(FE'co, = 4.6 vol%) to 90% (FE' co, = 5.4 vol%) of 
the desired change. Because of small fluctuations in 
measured FE'cop Tios was determined as the inter- 
val between the two events, for which FE' co, were 
= 4.6 and = 5.4 vol% for more than 1 min, respec- 
tively. For a decrease in the set-point of FE’¢o, 
(periods 4 and 8), Tio-ọ was analogously defined. 
The overshoot was the peak absolute value of 
eFE'co, during the first 5 min after achievement of 
90% of the step-change in the set-point. 

In addition to the mean eFE'co, the sp of 
eFE'cop Tio-so and the overshoot, mean f, tidal 
volume per kg body weight (V1T/BW), minute 
volume per kg body weight (VE/BW), Ppeak and 
Pplat were determined for any patient, control 
period and control mode. Using this reduced 
sample, means, SD and differences (fuzzy logic minus 
manual control) of the above mentioned variables 
were computed. In testing differences between the 


control modes the Wilcoxon signed rank test was 
performed. Statistical software used was SigmaStat 
(Jandel Scientific GmbH, Erkrath, Germany). 


Results 


Redundant measurements of FE'co, with both side- 
stream anaesthetic gas analysers revealed differences 
< 0.4 vol%. 

Figure 2 shows the measured FE’'co, during fuzzy 
and manual control of mechanical ventilation of the 
lungs of the patients. 

With respect to the accuracy of the control, the 
mean of the averaged eFE'co, for any individual 
period (table 1) ranged from -0.01 to 0.00 vol% (sp 
0.05 vol%) during fuzzy logic control (table 2). The 
minor increase in both, the corresponding range 
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Figure 2 Measured end-tidal carbon dioxide fraction (FE'co,) 
during fuzzy logic control (top) and manual control (bottom) of 
mechanical ventilation of the lungs of 30 patients according to 
the sequence of control periods of the trial programme (table 1). 
To = Transient increase in Fe’co, as a result of limb tourniquet 
release in two patients; other peaks = inadequate feedback 
control, The time of initiation of data analysis and of the change 
in desired end-tidal carbon dioxide fraction (set-point) from 4.5 
to 5.5 vol% and from 5.5 to 4.5 vol%, respectively, are indicated 
by the vertical broken lines. 
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(from -0.06 to 0.00 vol%) and sp (from 0.07 to 0.14 




















vol%) during manual control, yielded a statistically 340 es. 8 aa $S 3 
significant but irrelevant difference in averaged B35 g SSS a 
eFE'co, values between the control modes (P < Bs s 5 5 ea oe Senos 
0.01) when the set-point of FE'co, was 5.5 vol%. #4 5 zi Se! ri 
Values for the sD of eF’co,, as a measure of the ggg 
stability of the control, Tioso and the overshoot of 5 JE Fa € aaae 
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approximately, 0.1 (sp 0.05) vol%, 350 (150) s and pee) E a ee Oe 
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five randomly selected patients exhibited, as 6 8 Be | AS the sates 
expected, a moderate respiratory acidosis during gas D 28 3 a eas 
fuzzy control of mechanical ventilation. 3 Z os Sege gee 
ces BE| S2cRe8o88 
siya Ga | oconoronae 
Discussion p "8 A 28) ' & a 
We have demonstrated that during general anaes- Sie : 2 5 
thesia, fuzzy logic control of mechanical ventilation E oS g 5 oe T Sane 
of the lungs of 30 patients of different ages, with var- SgS 8 Seno sotes 
ious disease states and surgical procedures, was safe ; Ẹ E Ei 8 B| Sae8u2akR 
and reliable. Compared with human controllers, the Sens |e F g| SSN SHG Ram 
fuzzy controller maintained desired FE'co, with LRES à j an 
similar precision and stability and performed with a yee v 
resembling dynamic response on set-point changes g T TF T Ws 
: ; : Bip SS pige? 
in FE’¢o,. The breathing pattern, selected by the FEU j os REMA 
fuzzy controller, was within clinically acceptable 2 E ge T za menes 
ranges (fig. 2, table 2). E Tav 281%? OD AG 
The ventilator settings of the fuzzy controller were >E ar 
based on the recommendations of Kacmarek and oy Pi. 
Venegas.’ Except for maintaining Pplat within suitable gs gc ca REST 
limits, the controller did not adapt these settings to the RESETE 22 Soo 
actual state of lung function or lung mechanics of an y "Be. 3 gloz Tulge 
individual patient, which was the special feature of the 558 o 48| 33 Suan 
lung ventilator controller described by Laubscher and 3 2 E "j a > i 
co-workers*4 and Weiler, Heinrichs and Kessler.?5 It G Srg 5 
was not within the scope of this study to investigate ag B p x ays SALE 
and qualify various physiological effects as a result of 3 T = 5 E Sg Ra sS 
automated ventilation control on respiratory and C7318] eBlog SIno 
haemodynamic function. Although the results of ga pF in 5E SS RASA 
blood-gas analyses (table 3) were clinically satisfying Oy a i D 
for both fuzzy and manual control of ventilation with a age 
set-point of FE'co, = 4.5 vol%, this does not prove oe pÈ TA 
that breathing patterns were optimal. Tweed and 52a Q 2 
colleagues,?? examining the old controversy of the 2 : E i 3 at 
influence of Vr on the well-known impaired pul- Zaz 8 ¥¢ BE A 
monary gas exchange during general anaesthesia, con- ERE © £g $ HE Š T 
cluded that results from previous investigations had gagy S| se SaBB z 
not been consistent. Their own study revealed that ORE = 9 i a2 zen 8 Š 
patient and surgical factors were more important ai S 8) SSegcssee 
determinants of pulmonary gas exchange during E A $ & ie i E E i EE 
AA’ n a n 


anaesthesia than VT or inspired gas composition. 
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Table 3 Arterial blood-gas analyses sampled at the end of control periods 2 and 6 of table 1 (desired end-tidal 
carbon dioxide fraction = 4.5 vol%) of the patients investigated during fuzzy logic and manual control of mechanical 
ventilation and at the end of control periods 3 or 7 (desired end-tidal carbon dioxide fraction = 5.5 vol%) of five 
randomly selected patients during fuzzy logic ventilation control (mean (SD) [range]). Set-point of FE’ co, = Desired 
end-tidal carbon dioxide fraction; pH, = arterial blood pH; Paco, = arterial carbon dioxide tension; Pap, = arterial 
oxygen tension; Sao, = arterial oxygen saturation; Fio, = inspired oxygen fraction 


Set-point of FE’ co, (vol%) 4.5 


Control mode Fuzzy 

Sample size 27 

pH, 7.42 (0.04) [7.35-7.54] 
Paco, (kPa) 5.03 (0.50) [3.97-5.87] 
Pao, (kPa) 19.9 (3.7) [12.1-25.2] 
Sag, (%) 97.3 (1.3) [92.8-98.8] 
Fig, (vol%) 34.6 (6.1) [29-56] 


One of the aims of artificial ventilation control is to 
maintain Paco, within a small range of a desired 
value. In this study, however, the automatically and 
manually controlled variable was FE’ co, as an expres- 
sion of PE'co,. The arterial to end-tidal Pco, differ- 
ence (Paco, — PY cop) is small in healthy individuals, 
but in anaesthetized patients with altered alveolar 
ventilation (Va) and pulmonary perfusion (Ò) (ValO 
mismatch) the difference may be considerable.34 An 
increased and variable end-tidal to arterial gradient 
may result from pre-existing cardiovascular and res- 
piratory disease states and from the patient’s physio- 
logical reactions to anaesthesia and surgery, such 
as variations in arterial pressure, temperature and 
positioning, prolonged anaesthesia, pulmonary 
embolism, etc. These situations, but also failing 
anaesthesia equipment, monitoring devices and con- 
trol computer, may lead to “erroneous” control. This 
may be circumvented by changing the set-point of 
FE'co,» for example after control of blood-gas ten- 
sions. Safeguards were independent alarm systems 
implemented on the ventilator, monitoring devices 
and control computer, in addition to continuous 
supervision of the feedback control system by the 
anaesthetist responsible for the study, who had some 
understanding of the “intelligent” systems built into 
the research anaesthesia workplace. 

Because artificial ventilation of the lungs of a 
patient represents an ill-defined biological process, 
fuzzy logic control by its imitation of the anaesthetist’s 
management is promising. In contrast with many 
studies on computer-controlled ventilation, fuzzy 
logic ventilation control is feasible in the “uncontrolled” 
clinical environment and is convenient as it relieves the 
anaesthetist from routine control work. It is planned to 
implement the control of mechanical ventilation into 
the developing control systems for the delivery of inhaled 
anaesthetics, as reported in this journal by Zbinden 
and co-workers?! and Curatolo and colleagues.3* 


Appendix 


FUZZY CONTROL ALGORITHM USED FOR AUTOMATIC CONTROL OF 
MECHANICAL VENTILATION 


Basic knowledge on fuzzy logic control, which is necessary for 
understanding the following, has been given previously.29-32 
Input variables of the fuzzy controller were: eFE’co, (eFE' co, = 
desired FE'co, — actual FE'co,) (vol%) and deFE'cop which was 
defined as the difference between actual ef’ co, and eFE' cop 60 s 


4.5 5.5 
Manual Fuzzy 
29 5 


7.42 (0.04) [7.32-7.50] 

5.09 (0.45) [4.29-5.93] 
20.3 (3.8) (11.7-27.5] 
97.2 (1.1) [94.7-98.6] 
34.4 (6.2) [29-56] 


7.30 (0.06) [7.25-7.41] 

6.70 (0.41) [6.03-7.01] 
18.9 (2.1) [15.5-20.9] 
96.6 (1.0) [95.0-97.6] 
32.4 (2.1) [29-34] 


before (deF#’co, (to) = eFE'co; (ta) — eFE' co, (fo — 60 8)) (v0I%), 
f (opm), tidal volume per kg body weight (/1/BW) (ml kg) and 
Pplat (kPa). The change in minute volume per kg body weight 
(dVe/BW) (mi min~! kg!) and the change in f (df) (opm) were 
the output variables. 
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Figure 3 Subdivision of the deviation of actual from desired 
end-tidal carbon dioxide fraction eFE'co, = desired FE'co, — 
actual FE'co, and of the change in minute volume per kg body 
weight (dV£/BW) into fuzzy sets nb (negative big), ns (negative 
small), ze (zero), ps (positive small) and pb (positive big), with 
graphs of their membership functions. For example, eF2’co, = 
—0.75 vol% belongs simultaneously to both the fuzzy set nb and 
ns, with an equal membership grade of 0.6. 


Fuzzy control of mechanical ventilation 


Twenty-nine linguistic rules were designed, which expressed 
the intention to achieve and maintain the desired FE' cg, by selec- 
tion of appropriate ventilator settings and at the same time to min- 
imize the deviation in both fand Vr/BW, from 10 bpm and 10 ml 
kg™!, respectively, and to maintain Pplat within suitable limits 
(<3-4 kPa). By mean of the following examples of miles, the 
concept of fuzzy logic control of artificial ventilation is explained. 
In figure 3, typical membership functions of fuzzy sets of the 
input variable eFE’co, and of the output variable dVz/BW are 
presented. 

IF eF£'co, = ns AND deFE' co, = pb THEN dVE/BW = ns 

If actual F’¢o, is slightly larger than desired FE'co, (set- 
point), which implies eFE'co, is negative small (ns), and FE’¢o, 
was much larger than the set-point of FE’co, 60 s before, which 
implies deFE'cg, is positive big (pb), then reduce Ve/BW slightly, 
which implies dV#/BW is negative small (ns). Performance of this 
rule acts as a deceleration manoeuvre, which minimizes over- 
shooting or oscillation of FE'cop or both, about the set-point. 

IF f= ps AND Vr/BW = pb THEN df= pm 

If actual f is small, which implies f is positive small (ps), and 
Vr/BW is large, which implies Vr/BW is positive big (pb), then 
increase f moderately, which implies df is positive medium (pm). 
By maintaining VE/BW, VT/BW then decreases. 

IF Pplat = pb THEN df= pb 

If actual Pplat is large (Pplat = pb), then increase f considerably 
(df = pb). By maintaining Ve/BW, Vr/BW and Pplat then 
decrease. 

Rules, sets and membership functions were designed according 
to clinical experience and modified in pilot studies with 14 anaes- 
thetized patients undergoing mechanical ventilation from whom 
written informed consent had been obtained. 

Maximum-minimum inference was used for determination of 
fuzzy values of output variables. Applying the centre of gravity 
method defuzzificated, crisp values for the ventilator settings 
resulted at a rate of 0.1 Hz. 

In the computer programme for automatic feedback control of 
mechanical ventilation various safety restrictions were incorpo- 
rated to keep the values of input and output variables within 
reasonable limits. One of these restrictions was that ventilator set- 
tings for f were limited to values between 6 and 20 bpm and for 
VT/BW to values between 4 and 20 ml kg™!. 
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An oral sodium citrate—citric acid non-particulate buffer in humans 


J. J. HAUPTFLEISCH AND K. A. PAYNE 


Summary 


We have investigated the effect on the pH of the 
gastric fluid of a single dose of sodium citrate 0.3 
mol litre! (antacid) and a solution containing 
sodium citrate dehydrate (100 mg mI~') with citric 
acid monohydrate (66 mg m!~’) (buffer). The dose 
for both solutions was 0.4 mi kg~! via a nasogastric 
tube. Each group comprised 10 patients under- 
going neurosurgical operations of 5-7 h duration. 
A control group of 10 patients received no gastric 
solution. The pH of the gastric aspirate was 
measured hourly using a Metrohm 632 digital pH 
meter (Synectics Medical, Sweden). Mean baseline 
gastric pH was 2.64 (sp 1.71). In the control group, 
pH increased to 4.4 (1.51) at 5 h, returning to base- 
line at 7 h. In the antacid group, pH increased to 
6.11 (0.47) at 15 min and decreased to 3.70 (1.94) at 
7h(P< 0.01). in the buffer group, pH was stable at 
3.80-3.95 (0.22) over 7 h (P > 0.01). Total mean 
gastric aspirate was 0.5 ml kg~'. (Br. J. Anaesth. 
1996; 77: 642-644) 


Key words 

Gastrointestinal tract, pH. Acid-base equilibrium, pH. 
Acid-base equilibrium, buffers. Gastrointestinal tract, 
antacids. Fluids, oral. 


Aspiration pneumonitis from inhaling acid gastric 
content is an anaesthetic hazard. This is associated 
with a gastric pH of less than 2.5, and factors that 
contribute to this include prolonged fasting time, 
ileus, unconsciousness and the stress response to 
surgery.!? These factors apply to patients under- 
going prolonged surgical procedures, so that the 
extubation and recovery phases of anaesthesia have 
the potential for regurgitation and aspiration of 
gastric content.?4 

Antacid therapy with an alkaline solution such as 
sodium citrate 0.3 mol litre! is used commonly to 
antagonize gastric acidity in the preanaesthetic 
phase. However, reported problems include short 
duration of action (2—4 h),°° increase in gastric 
volume‘ and rebound gastric acid secretion.’ 

A buffer solution of sodium citrate dihydrate 100 
mg ml”! and citric acid monohydrate 66 mg ml”! is 
designed to buffer the gastric content, rather than 
neutralize it? (Pneucid, Narkopharm). This is 
postulated to have a longer duration of action than 
sodium citrate and to prevent rebound gastric 


secretion, thus improving the safety profile at 
extubation. 

It had been shown that this buffer solution did not 
cause chemical pneumonitis in canine lungs,® hence 
human trials could proceed. We studied the efficacy 
of this agent in controlling gastric pH in humans 
undergoing anaesthesia of 5 h or more duration. 


Patients and methods 


We undertook a prospective, randomized study in 30 
neurosurgical patients, aged 18 yr or more. Surgery 
was for excision of cerebral tumours or clamping of 
cerebral aneurysms and duration was 5 h or longer. 
Patients were free of other pathology and were con- 
scious and orientated before operation. Preoperative 
medication included dexamethasone for patients 
with tumours, and labetalol and diazepam for 
aneurysm patients. The hospital Ethics Committee 
gave consent for the study and written informed 
consent was obtained from the patients. 

We studied three groups of 10 patients each: the 
control group received no gastric medication, the 
antacid group received sodium citrate 0.3 mol litre™! 
(0.4 ml kg~!),° and the buffer group received a solu- 
tion containing sodium citrate dehydrate 100 mg 
ml! with citric acid monohydrate 66 mg m`! at 0.4 
ml kg™!.8 

Premedication comprised oral diazepam 0.15 mg 
kg~! and induction of anaesthesia was with thiopen- 
tone 3-5 mg kg`! i.v. Neuromuscular block was pro- 
duced with an infusion of atracurium 0.5 mg kg™! 
h7! and morphine 10-30 mg i.v. was given for anal- 
gesia. The patient’s lungs were ventilated with 1-2% 
isoflurane and 50% nitrous oxide in oxygen as 
needed. Ventilation was set to provide an end- 
expired carbon dioxide concentration of 3-3.5% and 
a 20° head-up tilt was used. Labetalol was used to 
maintain heart rate at less than 80 beat min™! and a 
0.01% sodium nitroprusside infusion provided 
hypotension when needed. Mean arterial pressures 
were maintained at 80 mm Hg except in some 
aneurysm cases when mean pressures of 70 mm Hg 
were used during clamping. Normal temperatures 
were maintained using convective air blankets. 
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Buffer efficacy in maintaining gastric pH 


Standard monitors included oximetry, capnography, 
oesophageal temperature, electrocardiography, 
direct arterial pressure, central venous pressure, 
neuromuscular block and urinary catheter. Arterial 
blood was obtained hourly for measurement of 
blood-gas tensions, electrolyte concentrations and 
acid-base balance. 

When patients’ lungs had been intubated and 
stabilized, a 10-gauge orogastric tube was passed 
and its position verified by aspirating 2 ml of gastric 
content. The test solutions, 0.4 ml kg~!, were then 
injected down the gastric tube and flushed with 5 ml 
of sterile water. The control group received no fluid 
down their gastric tube. Fifteen minutes thereafter, 2 
ml of gastric content were aspirated. This was 
repeated every 60 min for the duration of the anaes- 
thetic. The gastric tube was removed before tracheal 
extubation, after aspirating as much volume as 
possible. Patients were supine at this time. 

The pH of the samples was measured in a 
Metrohm 632 Digital pH meter (Synectics Medical, 
Sweden). This was calibrated before each patient at 
a temperature of 36 °C using the manufacturer’s 
buffer solution. 

Data were compared by analysis of variance and 
multiple linear regression analysis. This compared 
the pH values and their changes over time in the 
three groups. P = 0.01 was taken as significant. 


Results 


The three groups were comparable in age, weight, 
sex and duration of surgery (table 1). pH values are 
shown in figure 1. There were no differences at base- 
line. Overall mean pH was 2.64 (sp 1.71), with 19 
patients having values of less than 2.5. However, at 
15 min, both groups had pH values significantly 
higher than that of the control group (2.18 (1.00); 
P < 0.01). The antacid group had a significantly 
higher pH (6.11 (0.47)) than the buffer group (3.92 
(0.24)) (P < 0.01). 

Over the next 7 h the pH of patients in the 
antacid group decreased steadily from the peak at 
15 min to 3.70 (1.94) at 7 h. Patients in the buffer 
group remained stable, with mean pH values of 
3.80-3.95 (0.22) throughout this time. Mean pH 
values in the control group increased to a plateau of 
4.10-4.41 (1.51) at 2-5 h, thereafter returning to 
baseline values at 7 h. Mean pH values in the 
antacid group were significantly different from 
those of the control and buffer groups for 4h (P < 
0.01) but there was no difference between mean 
values in the control and buffer groups , except at 
15 min. 

While mean pH values were greater than 2.5, 
individual patient values revealed potentially dan- 
gerous decreases. In the control group, two patients 
had pH values of less than 2.5 throughout the study 
and four others had pH values less than 2.5 for the 
first hour, one of whom returned to less than 2.5 by 
7 h. In the antacid group, one patient had a pH of 
2.08 at 5 h which decreased to 1.46 at 7 h. No 
patient in the buffer group had a pH value less than 
3.71 during the study and the highest value was 
4.43. 
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In the two groups who received oral solutions, 
total gastric volume aspirated during the study was 
approximately 0.5 ml kg7!. Mean volumes were 42 
(12.1) ml in the antacid group and 39.2 (23.3) ml in 
the buffer group. The control group had a signifi- 
cantly lower mean volume (20.3 (6.4) ml; P< 0.01). 
Final residual volumes aspirated were 27.6 (12.4) 
ml, 26.7 (23.0) ml and 8.8 (5.6) ml, respectively 
(P < 0.01). 


Discussion 


Our study has confirmed that preoperative fasting 
adults are likely to have gastric pH values that put 
them at risk of the aspiration pneumonitis syn- 
drome!4; 63% had baseline pH values of less than 
2.5. The response to both of the test solutions was 
rapid, safe levels being obtained by 15 min. As the 
buffer solution has a pH of 4.8,° the initial increase 
in gastric pH was less than that with sodium citrate 
0.3 mol litre, but the pH values remained within a 
stable mean range of 3.80-3.94 for 7 h. These values 
would avoid the danger of rebound acid secretion 
which might result from gastric values of greater 
than 6.” 

In contrast, sodium citrate 0.3 mol litre™! has a 
pH of 8.48 and it caused mean pH to increase to 
greater than 6 for 1 h. In one patient this was fol- 
lowed by a sustained decrease to less than 2.5, pos- 
sibly because of rebound acid secretion.’ This 
rebound phenomenon is one of the reasons why 
sodium citrate 0.3 mol litre~! is recommended as a 
regular 2—4 hourly regimen for women in labour. 6 
The more prolonged effect seen here would be a 


Table 1 Patient data and operations performed (mean (sD or 
range) or number) 








Group 
Control Antacid Buffer 
Age (yr) 37.3 (20-80) 34.5 (20-65) 37.3 (18-74) 
Weight (kg) 79 (5,43) 83 (6.12) 78 (4.97) 
Sex (M/F) 6:4 5:5 4:6 
Surgery tumours 6 6 7 
Duration of surgery 
(h) 5 (1.44) 5 (1.63) 5 (0.95) 
8 
7 
6 
5 
E 4 
3 
2 
1 
aaa ea R pr T T 1 
0.25 1 2 3 4 5 6 7 
Time (h) 


Figure I Mean (SD) pH values. At 15 min, pH values in the 
buffer (E) and antacid (@) groups were significantly higher than 
those in the control group (0) (P < 0.01). The pH values in the 
antacid group were significantly higher than those in the two other 
groups for 4 h. The buffer and control groups had two and one 
patient, respectively, after 6 h, hence no sp are given after 5 h. 
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result of the influence of the anaesthetic on the 
gastric mucosa during non-stressful surgery,* 
compared with a woman in active labour. 
Halothane anaesthesia is known to decrease gastric 
acid production via a directly depressant effect on 
acid producing cells.!° It is likely that isoflurane 
would have a similar effect. This would explain the 
increase in mean gastric pH in the control group to 
3—4 for the duration of the anaesthetic. However, 
this was very variable and six of 10 patients had pH 
values of less than 2.5 at some stage during the 
anaesthetic. 

The danger of developing the pulmonary acid 
aspiration syndrome is also related to the volume 
inhaled. Primate data indicate that a volume in 
excess of 0.8 ml kg~!, together with a low pH, is 
needed.!! Therefore, any oral solution should not 
result in volumes greater than this. Both of the test 
solutions gave total aspirated gastric volumes of 0.5 
ml kg~!. While these are increased compared with 
resting gastric volumes of 0.3-0.4 ml kg™! reported 
from fasting adults,!? 1? they are below the suggested 
danger level of 0.8 ml kg™!. 

From the duration of action of the buffer solution, 
systemic absorption was not rapid. Nevertheless, the 
potential effects on the systemic system need to be 
considered. No effects were seen and hourly arterial 
acid-base and electrolyte values were unaffected. 
This is to be expected, as the agents in the buffer 
solution were used for many years as anticoagulants 
(acid citrate glucose anticoagulant) in transfused 
blood.!4!5 The mean volume administered (32 ml) 
contained a similar amount of sodium citrate dihy- 
drate and citric acid monohydrate as was present in 
2 u. of blood. 

Patients undergoing neurosurgery and other 
prolonged procedures are likely to be in the high 
dependency unit for some time. Because of the 
increased incidence of stress ulcers developing at 
gastric pH values of less than 3!®!7 and the 
decrease in gastric bacterial barrier at pH values 
greater than 4.5,!7!8 a desired pH range of 3-4.5 
has been proposed.'? Therapy to achieve this 
should commence as early as possible. In this 
regard, sodium citrate 0.3 mol litre! was inade- 
quate, with mean pH values of 5—6 for 5 h with 
one less than 2.5. The buffer solution produced 
closely grouped values within the proposed range 
for the 7 h studied. If used in a high dependency 
unit, duration of effective gastric pH control 
would need to be monitored from nasogastric tube 
aspirate. 

We conclude that the buffer solution of sodium 
dihydrate (citric acid monohydrate) was an effective 
gastric acid inhibitor, with a duration of action of 7h 
in neurosurgical operations. 
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LABORATORY INVESTIGATIONS 


Effects of local anaesthetics on carrageenan-evoked inflammatory 


nociceptive processing in the rat 


J. Burirova, D. FLETCHER, P. HONORE AND J.-M. BESSON 


Summary 


We have assessed the effects of intraplantar local 
anaesthetics (bupivacaine and lignocaine) on car- 
rageenan-induced oedema, mechanical allodynia 
and spinal c-fos protein expression. Mechanical 
allodynia was evaluated using the vocalization 
threshold to paw pressure (VTPP) every 30 min until 
60, 180 or 240 min after administration of carra- 
geenan. Peripheral oedema, mechanical allodynia 
and spinal c-fos protein expression were maximal 
180 min after carrageenan. Lignocaine did not 
influence either oedema or VTPP, but reduced 
spinal c-fos expression at 60 min after carrageenan 
without later effects. Bupivacaine induced an 
increase in VTPP at 30 and 60 min, limitation of 
oedema at 60 min and a reduction in spinal c-fos 
expression at 60 and 180 min, but these effects were 
not present 240 min after carrageenan. Intraplantar 
infiltration with lignocaine and bupivacaine before 
carrageenan transiently limited signs of inflamma- 
tory pain but did not prevent them. (Br. J. Anaesth. 
1996; 77: 645-652) 


Key words 
Analgesia, pre-emptive. Pain, experimental. Genetic factors, 
proto-oncogenes. Anaesthetics local. Spinal cord. Rat. 


Bupivacaine and lignocaine, long- and short-acting 
local anaesthetics respectively, are used in both acute 
and chronic pain therapy (see references in Bonica 
and Butler!). There is evidence that pain processing 
may be reduced by pre-administration of various 
agents (e.g. opioids, local anaesthetics, non-steroidal 
anti-inflammatory drugs (NSAID)) leading to the 
concept of pre-emptive analgesia.? However, this 
concept is still debated? and few clinical studies have 
confirmed the clinical significance of pre-emptive 
analgesia. Administration of local anaesthetics 
before tissue injury may prevent peripheral and 
central sensitization of the nervous system induced 
by nociceptive input (see references in Coderre and 
colleagues*). The pre-emptive analgesic effect of 
local anaesthetics has been observed in different 
animal models of pain (see references in Coderre 
and colleagues‘). 

In this study, we have investigated the possible 
pre-emptive effects of local anaesthetics (lignocaine 
and bupivacaine) in the carrageenan model of 


inflammatory pain in rats.” As shown previously, 
intraplantar injection of carrageenan induces 
ipsilateral inflammation (see references in Kocher 
and colleagues) associated with mechanical 
allodynia? and c-fos-protein-like immunoreactivity 
(c-fos LI) in the ipsilateral dorsal horn of the spinal 
cord.!°12 The method based on the immuno- 
reactivity of c-fos-protein is used widely as a form of 
neuronal-activity mapping (see references in Morgan 
and Curran!3). For a recent review of the mecha- 
nisms of expression of c-fos protein within the 
nervous system see Hughes and Dragunow.'* Many 
studies following the original report!> have provided 
evidence that various noxious stimulations evoked 
expression of c-fos protein in spinal neurones (see 
references in Zimmermann and Herdegen!), thus 
providing an indirect marker of neurones involved in 
spinal nociceptive transmission. In our previous 
studies, we used immunohistochemical revelation 
of spinal c-fos expression in the carrageenan 
model of inflammatory pain to assess the effects 
of analgesic/anti-inflammatory drugs, including 
systemic!” and intraplantar!® morphine and various 
systemic NSAID (see Buritova and colleagues!’ and 
references therein). In this study, we have combined 
behavioural and immunohistochemical approaches 
to investigate the effects of pre-administered intra- 
plantar local anaesthetics in carrageenan-induced 
inflammatory pain in rats. 


Materials and methods 
EXPERIMENTAL ANIMALS 


Experiments were performed on 52 adult male albino 
Sprague-Dawley rats (Charles River, France; 48 
carrageenan-stimulated and four non-stimulated rats), 
weighing 225-250 g. Rats were acclimatized to the 
laboratory for 8 days before the experiment. Rats were 
tested using the vocalization threshold to paw pressure 
(VTPP) and were trained in the experimental condi- 
tions during the last 2 days before the experiment. The 
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ethics guidelines of the [ASP were followed for investi- 
gations of experimental pain in conscious animals.?° 


DRUG ADMINISTRATION 


Peripheral inflammation was induced by intraplantar 
injection of carrageenan (A-carrageenan, Sigma; 6 
mg per 150 ul of saline (0.9% NaCl) in the right 
hind paw of the non-anaesthetized rat. In this study, 
control rats receiving intraplantar injection of saline 
were not included as we have shown previously 
negligible spinal c-fos expression after intraplantar 
saline (<5 c-fos LI neurones per section L4—L5) 
which was not significantly different from that 
observed in non-stimulated rats.!? The preliminary 
unpublished study demonstrated that intraplantar 
administration of local anaesthetics (0.5% Marcaine, 
2% xylocaine) without carrageenan injection did not 
induce spinal c-fos expression significantly different 
from that observed in intraplantar saline injected rat 
(<5 c-fos LI neurones per section L4~-L5). 
Intraplantar bupivacaine (0.5% Marcaine, Astra, 
France) and lignocaine (2% Xylocaine, Astra, 
France) were injected into the right hind paw of non- 
anaesthetized rats (200 wl for both drugs) 5 min 
before intraplantar injection of carrageenan. The 
timing, concentration and volume of local anaes- 
thetic were chosen according to a previous study to 
obtain complete anaesthesia of the paw before 
injection of carrageenan.*! Control carrageenan rats 
received 200 pl of saline under the same experi- 
mental conditions. Intraplantar injections of; 
carrageenan or local anaesthetic were made 
subcutaneously with a 25-gauge needle. 


MEASUREMENT OF CARRAGEENAN-INDUCED 
PERIPHERAL OEDEMA 


Two indicators of peripheral oedema, ankle and paw 
diameters, were measured with a calliper square, 
immediately before perfusion at 60, 180 or 240 min 
after injection of carrageenan. Ankle and paw 
diameters of carrageenan-stimulated and non- 
stimulated rats were measured. Oedema was 
determined as percentage increases in ankle and paw 
diameters of carrageenan-treated rats compared with 
non-stimulated rats. 


TEST OF VOCALIZATION THRESHOLD TO PAW 
PRESSURE 


The vocalization threshold to paw pressure (VI'PP) 
was measured using a Basile Analgesimeter (Apelex, 
tip diameter of the probe = 1 mm) according to a 
method adapted from the Randall-Selitto descrip- 
tion.?? All VTPP measurements were performed 
blind by the same investigator. For each rat, the 
thresholds for vocalization (mean of two values), 
expressed in grams (g), were determined by applying 
increasing pressure to the right hind paw until an 
audible squeak was elicited. A control value was 
determined before injection of carrageenan. We then 
determined, at each time after carrageenan, two 
stable consecutive thresholds, which were averaged. 
This criterion of the VIPP was chosen according to 
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a previous study,”” as it represents a more integrated 
nociceptive behaviour than paw withdrawal. ,The 
choice of a cut-off value was necessary to limit injury 
to the paw and excessive stimulation of the 
nociceptors. The cut-off value was 600 g and was 
considered sufficient to represent an anaesthetic 
state. 


IMMUNOHISTOCHEMISTRY FOR EVALUATION OF 
SPINAL C-FOS PROTEIN EXPRESSION 


As demonstrated previously, carrageenan-evoked 
spinal c-fos expression was detected at 60 min!” and 
was maximal at 180 min’? after intraplantar injection 
of carrageenan. Therefore, in this study of the time 
course of the local anaesthetic effects, rats were per- 
fused at various times after injection of carrageenan: 
60, 180 and 240 min, immediately after the last test 
of VIPP. As described previously (see references in 
Buritova and colleagues!%), rats were deeply anaes- 
thetized (pentobarbitone (Sanofi) 55 mg kg! i.p.) 
and perfused intracardially with phosphate-buffered 
saline (PBS) 0.1 mol litre! followed by 4% 
paraformaldehyde in phosphate buffer (PB) 0.1 mol 
litre. The spinal cord was removed, post-fixed for 
4 h and cryoprotected in 30% sucrose overnight. 
Frozen serial frontal sections (40 wm) of the lumbar 
L4-L5 segments were cut. Immunohistochemistry 
of the free floating sections was performed with poly- 
clonal antiserum, generated in rabbits, directed 
against the c-fos protein (Oncogene Science Inc., 
Ab-2 solution 0.1 mg ml! diluted 1:4000), using the 
conventional avidin—biotin—peroxidase complex 
method with visualization by l-naphthol ammonium 
carbonate solution (for more details see methods in 
Buritova and colleagues!). 


COUNTING OF SPINAL C-FOS L1 NEURONES 


As described previously (see Buritova and 
colleagues!? and references therein), distribution of 
c-fos LI neurones was studied in four defined 
regions: superficial laminae (laminae I-I), nucleus 
proprius (laminae III-IV) and neck daminae V—VI) 
of the dorsal horn and, in addition, ventral horn 
(laminae VII-X; ventral) of the spinal cord. For each 
rat, two counts were made: (1) the total number of ` 
c-fos LI neurones in the grey matter for 10 sections 
through L4-L5 segments, and (2) in these 10 sec- 
tions, the number of c-fos LI neurones in the four 
defined regions. Plotting and counting the c-fos LI 
neurones were performed blind to the experimental 
condition. Statistical analysis was performed using 
analysis of variance (ANOVA) and the Fisher’s pro- 
tected least squares difference test (Fisher’s PLSD 
test) for multiple comparisons. The effects of local 
anaesthetics on peripheral oedema, VIPP and 
number of spinal c-fos LI neurones were determined 
compared with controls (control group). 


EXPERIMENTAL DESIGN 


To evaluate the time course of the effects of local 
anaesthetics on carrageenan-induced inflammatory 
nociceptive processing, the experiment was per- 


Local anaesthetics and inflammatory nociceptive processing 


formed in three different series. In each series, rats 
were perfused immediately after the last test of 
VTPP. 

In the first series (n = 18), rats in the control, 
lignocaine and bupivacaine groups were tested for 
VTPP every 30 min for 60 min after administration 
of carrageenan at which time rats were perfused. In 
the second series (n = 18), rats in the control, ligno- 
caine and bupivacaine groups were tested for VI PP 
every 30 min for 180 min after administration of car- 
rageenan at which time rats were perfused. In the 
third series (n = 12), control and bupivacaine groups 
were tested for VIPP every 30 min for 240 min after 
administration of carrageenan at which time rats 
were perfused. In this series, the lignocaine group 
was not included as intraplantar pre-administration 
of lignocaine was not efficacious as early as 180 min 
after carrageenan administration. 

In these experimental series, three distinct groups 
of rats were defined: in the control group (n = 6 for 
each time), rats received saline 200 wl, 5 min before 
administration of carrageenan and were tested for 
VTPP after carrageenan; in the bupivacaine group 
(n = 6 for each time) rats received bupivacaine 
200 ul, 5 min before carrageenan and were tested for 
VTPP after carrageenan; in the lignocaine group 
(n = 6 for each time) rats received lignocaine 200 pl, 
5 min before carrageenan and were tested for VTPP 
after carrageenan. 


Results 


DEVELOPMENT OF CARRAGEENAN-EVOKED 
OEDEMA 


In the control group, 60, 180 and 240 min after 
intraplantar administration of carrageenan, both 
paw (0.8 (SEM 0.1), 1.1 (0.1) and 1.1 (0.1) cm, 
respectively) and ankle (0.8 (0.1), 1.2 (0.1) and 1.1 
(0.1) cm, respectively) diameters were increased 
significantly compared with carrageenan non- 
stimulated rats (mean values for paw and ankle 
diameters: 0.5 (0.1) and 0.7 (0.1) cm, respectively). 
Inflammatory oedema was not present in the 
contralateral hind paw at each time. 

At 60 min after carrageenan, in the bupivacaine 
group, carrageenan-evoked ankle oedema (0.75 
(0.02) cm) was reduced slightly compared with the 
control group (P < 0.01) but paw oedema was not 
influenced. Bupivacaine had no effect on paw or 
ankle oedema at 180 and 240 min after carrageenan. 
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Figure 1 Effects of intraplantar 0.5% bupivacaine (#) and 2% 
lignocaine (™) on VTPP over 4 h after administration of 
carrageenan. From 0 to 60 min: n = 18; from 60 to 180 min: n 
= 12; from 180 to 240 min: n = 6. Results are expressed as 
absolute mean (SEM) of the threshold value, each 30 min after 
intraplantar carrageenan. Significance compared with control 
group (A) was performed using ANOVA and Fisher’s PLSD test 
(***P < 0.001). The study of the effect of lignocaine at 4 h was 
not performed. 


In the lignocaine group, paw and ankle oedema were 
not influenced at each time after carrageenan. 


CARRAGEENAN-EVOKED DECREASE OF VTPP 


The results were similar for the three series and were 
therefore pooled (see fig. 1). 

Intraplantar carrageenan decreased VIPP at each 
time, with a final decrease to 35% of control values 
at 240 min after carrageenan (fig. 1). Overall, VTPP 
decreased from 288 (7) g at time 0 min, to 100 (3) g 
at 240 min after carrageenan (fig. 1). 

In the lignocaine group, VI'PP never reached the 
cut-off value at each time after carrageenan. At 60 
and 180 min after carrageenan, VIPP decreased to 
76% and 37% of control values, respectively, reflect- 
ing the development of mechanical allodynia. 
Overall, VTPP decreased from 287 (6) g at time 
0 min to 108 (9) g at 180 min after carrageenan 
(fig. 1). 

In the bupivacaine group, VIPP reached the cut- 
off value in 95% of rats at 60 min after carrageenan. 
At later times, 180 and 240 min, VI PP decreased to 
37% and 35% of control values, respectively. 
Overall, VTPP decreased from 287 (6) g at time 


Table 1 Effects of intraplantar 0.5% bupivacaine and 2% lignocaine on the number of c-fos LI neurones in the superficial (I) and 
deep (V-VI) laminae of the dorsal horn and in the ventral horn (Ventral) of the L4—L5 segments of the rat spinal cord at 1, 3 and 4h 
after intraplantar carrageenan. Results are expressed as the absolute mean (SEM) of the number of c-fos LI neurones per section for each 
region. Significance of the effects of both anaesthetics, compared with the control group, was performed using ANOVA and Fisher’s 
PLSD test (**P<0.01, ***P<0.001). The effect of lignocaine at 4 h was not performed 





No. c-fos/LI neurones/section of L4-L5 segments 


1 h after carrageenan 
Group Total I0 V-VI Ventral Total 
Control 101 (8) 45 (3) 38 (5) 12 (1) 


3 h after carrageenan 
ILI V-VI 


200 (15) 59 (4) 87 (6) 43 (5) 


4 h after carrageenan 
Ventral Total II V-VI Ventral 


141(6) 51(2) 54 (4) 27(1) 


Bupivacaine 40 (3)*** 16 (3)*** 16 (1)*** 5 (1)*** 143 (8)** 49 (2) 60 (5)*** 28 (3)** 130 (12) 45(4) 51(4) 2706) 


Lignocaine 64 (6)*** 25 (3)*** 23 (2)*** 9 (2) 





187 (12) 64(6) 79 (4 


34 (3) — = = — 
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Figure 2 Camera lucida drawings of individual sections (40 pm) of the L4—L5 segments 
of the rat spinal cord showing effects of intraplantar 0.5% bupivacaine and 2% lignocaine 
on the number of spinal c-fos LI neurones, at 1, 3 and 4 h after intraplantar administration 
of carrageenan. The boundaries of the superficial laminae and the reticular part of the neck 
of the dorsal horn are outlined; each dot represents one c-fos labelled nucleus (one c-fos LI 


neurone). 


0 min to 100 (3) g at 240 min after carrageenan 
(fig. 1). The mean duration of analgesic effect of 
bupivacaine was 55 (16) min. 


TIME COURSE OF CARRAGEENAN-EVOKED SPINAL 
C-FOS EXPRESSION 


In the control group, the total number of c-fos LI 
neurones was greatly increased in the ipsilateral 
spinal cord at 60, 180 and 240 min after carrageenan 
(fig. 2, fig. 4a; table 1). At all times after car- 
rageenan, spinal c-fos LI neurones of the control 
group were located predominantly in laminae I-O 
and V-VI of the dorsal horn of the lumbar spinal 
cord (fig. 2, fig. 48,c, table 1). At 60, 180 and 240 
min after carrageenan, the number of c-fos LI neu- 
rones in the nucleus proprius (laminae I-IV: 6 (1), 
10 (2) and 8 (1) c-fos LI neurones per L4-L5 sec- 
tion, respectively) was moderate compared with the 
total number of c-fos LI neurones per L4-L5 section 
(101 (8), 200 (15) and 141 (6), respectively) (table 
1). At each time, c-fos LI neurones were almost 


absent in the contralateral spinal cord (<5 c-fos LI 
neurones per L4—L5 section). 

At 60 min after intraplantar carrageenan, car- 
rageenan-evoked spinal c-fos expression in the bupi- 
vacaine and lignocaine groups was significantly 
different from that observed in the control group, for 
both the total number of c-fos LI neurones in seg- 
ments L4-L5 (F (3, 20) = 16.17; P < 0.001) and 
their laminar distribution (F (3, 80) = 34.20; P < 
0.001). Intraplantar pre-administration of both bupi- 
vacaine and lignocaine reduced the total number of 
c-fos LI neurones induced at 60 min after car- 
rageenan (60 (3) % and 37 (6) % reduction of control 
group values, respectively; P < 0.001 for both drugs) 
(fig. 4A, table 1). Furthermore, in both the bupi- 
vacaine and lignocaine groups, the significant reduc- 
tion in the number of superficial (laminae I-I: 63 
(6) % and 44 (6) % reduction of control group 
values, respectively; P < 0.001 for both drugs) (fig. 3) 
and deep (laminae V-VI: 59 (3) % and 39 (5) % 
reduction of control group values, respectively; P < 
0.001 for both drugs) c-fos LI neurones was observed 
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Figure 3 Microphotographs of superficial laminae of spinal 
dorsal horn showing reducing effects of intraplantar 0.5% 
bupivacaine and 2% lignocaine on the number of c-fos LI 
neurones, | h after intraplantar carrageenan in rats. Each 
microphotograph is an individual example, including labelled 
nuclei of c-fos LI neurones in superficial laminae (laminae 1-0) 
per section (40 pm) of L4-L5 segments of the spinal cord; scale 
bar=100 wm. A = Control; B = 0.5% bupivacaine; C = 2% 
lignocaine. 





at 60 min after carrageenan (fig. 4B,c, table 1). 
Therefore, intraplantar pre-administration of both 
bupivacaine and lignocaine had a similar effect on the 
number of superficial and deep c-fos LI neurones 
induced at 60 min after carrageenan (table 1). 

In the bupivacaine group, a significant reduction 
in the total number of c-fos LI neurones induced at 
180 min after intraplantar carrageenan was observed 
(29 (4)% reduction of control group values; P < 
0.01) (fig. 4A, table 1). This effect resulted from a 
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Figure 4 Effects of intraplantar 0.5% bupivacaine (@) and 2% 
lignocaine (M) on the number of c-fos LI neurones in the L4—L5 
segments of the rat spinal cord at 1, 3 and 4 h after intraplantar 
carrageenan. Results are expressed as absolute mean (SEM) of (A) 
total number of carrageenan evoked c-fos LI neurones per 
section of segments L4-L5 and number of superficial (B) and 
deep (c) c-fos LI neurones per section for each region in the 
L4-L5 segments, 3 h after intraplantar carrageenan. Significance 
compared with control group (A) was performed using ANOVA 
and Fisher’s PLSD test (**P < 0.01, ***P < 0.001). The study 
of the effect of lignocaine at 4 h was not performed. 


significant reduction in the number of deep c-fos LI 
neurones (31 (5) % reduction of control group 
values; P < 0.001) without effect on the superficial 
laminae (fig. 4B,c, table 1). In contrast, in the 
lignocaine group, the number of spinal c-fos LI 
neurones induced at 180 min after carrageenan was 
not affected (table 1). 

Intraplantar pre-administration of bupivacaine 
did not influence spinal c-fos expression induced at 
240 min after carrageenan (table 1). As intraplan- 
tar lignocaine did not influence spinal c-fos 
expression at 180 min after carrageenan, the study 
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of its effect at 240 min after carrageenan was not 
performed. 


Discussion 


Intraplantar administration of a long-acting local anaes- 
thetic, bupivacaine, postponed mechanical allodynia 
and spinal c-fos protein expression associated with the 
inflammatory state induced by intraplantar injection of 
carrageenan in rats, while a short-acting local anaes- 
thetic, lignocaine, reduced only transiently carrageenan- 
induced spinal c-fos protein expression. Overall, the 
effects of intraplantar bupivacaine and lignocaine in the 
carrageenan model of inflammatory pain were related to 
the duration of action of the anaesthetics. 


TIME COURSE OF VOCALIZATION THRESHOLD AND 
OEDEMA 


In accordance with previous studies (Kayser and 
Guilbaud’, see references in Buritova and col- 
leagues!®) intraplantar injection of carrageenan 
induced ipsilateral oedema, without influencing the 
contralateral hind paw, at all times. The lack of effect 
of pre-administered intraplantar 2% lignocaine 
200 yl on either oedema or VIPP after carrageenan 
was in concordance with previous studies showing 
the short duration of the antinociceptive effect of 
similar doses of lignocaine in behavioural experi- 
ments using the carrageenan model of inflammatory 
pain (18 min after 2% lignocaine 50 ul’) or formalin 
response in an orofacial pain model (6 min after 2% 
lignocaine 50 p123). 

In a carrageenan model of inflammatory pain, 
analgesia was defined previously as VI PP within the 
range of usual variability of the control value in 
normal situations (i.e. 85-115% of control value’). 
In this study, the duration of analgesic action of 
0.5% bupivacaine 200 pl was estimated to be 55 
(16) min after carrageenan. Similarly, pre- 
administered intraplantar bupivacaine reduced ankle 
oedema evoked at 60 min after carrageenan but this 
effect did not persist. The combined effect of bupi- 
vacaine on extension of oedema and reduction of 
VTPP may be related, at least in part, to the tran- 
sient abolition of the axon reflex involved in the 
development and extension of inflammation?*. The 
mechanism of action of bupivacaine involves binding 
of bupivacaine to voltage-dependent Nat channels 
which reduces neuronal transmission, axon reflex 
and consequently development of inflammation (see 
Butterworth and Strichartz** and references 
therein). In addition, local anaesthetics have been 
shown to block peripheral release of inflammatory 
substances such as substance P.?6 Thus the mecha- 
nisms mentioned above may be involved in the 
transient peripheral anti-inflammatory effect of 
intraplantar bupivacaine. The limited extent of 
peripheral oedema in the bupivacaine group, at 
60 min after carrageenan, corresponded to the 
peripheral analgesic effect of bupivacaine during the 
period of its action. Overall, the peripheral effects of 
local anaesthetics probably reduced the nociceptive 
inputs and consequently influenced carrageenan- 
induced spinal c-fos expression. 


British Journal of Anaesthesia 
TIME COURSE OF SPINAL C-FOS EXPRESSION 


In the control group, spinal c-fos expression at 60, 
180 and 240 min after intraplantar carrageenan was 
in agreement with our previous study showing the 
time course of spinal c-fos expression in the same 
model of inflammatory pain (see references in 
Buritova and colleagues!®). This carrageenan evoked 
spinal c-fos expression was localized predominantly 
in the superficial A-I and deep (V-VI) laminae of 
the dorsal horn of the spinal cord in accordance with 
the spinal areas containing neurones activated by 
noxious stimuli driven by C- and Aé-fibres?”? which 
evoked the spinal c-fos expression.”8 

Pre-administration of lignocaine attenuated spinal 
c-fos expression in both superficial and deep laminae 
at 60 min after carrageenan. This effect did not per- 
sist and the maximal number of c-fos neurones simi- 
lar to the control group was reached at 180 min after 
carrageenan. This effect is in keeping with an elec- 
trophysiological study showing that administration 
of 2% lignocaine 50 jl s.c. into the site of peripheral 
injection of formalin completely blocked the first 
phase of the response to formalin of the deep dorsal 
horn neurones (about the first 10 min) without 
affecting second phase activity.2? Thus 2% ligno- 
caine 50-200 pl seems to be sufficient to prevent 
transmission of nociceptive inputs during the initial 
phase of nociceptive primary afferent activation with 
consequent attenuation of the time pattern of spinal 
c-fos expression. In this study, the reduced number 
of c-fos LI neurones at 60 min may reflect both a 
short duration of block of noxious input produced by 
lignocaine at the initial phase of inflammation and 
c-fos protein synthesis delay related to delay of c-fos 
messenger RNA (mRNA) expression about 30 min 
after carrageenan.?° 

In the bupivacaine group, the reduction in spinal 
c-fos expression in both superficial and deep laminae 
was observed 60 min after carrageenan. At 180 min 
after carrageenan when the reduction in VIPP, 
reflecting mechanical allodynia, was equivalent to 
control group values, c-fos expression in the super- 
ficial laminae was similar to the control group. 
However, at this time the total number of c-fos LI 
neurones and c-fos expression in deep laminae were 
lower than in the control group. This laminar 
pattern is not surprising as c-fos protein is initially 
expressed in superficial neurones, and subsequently 
in the neurones in the deep laminae of the spinal 
dorsal horn at a later phase of noxious stimulus 
transmission, as has been shown after intraplantar 
injection of formalin?! and carrageenan.}?!7 Thus, in 
this study, the laminar pattern of carrageenan- 
induced spinal c-fos expression, influenced by intra- 
plantar administration of both bupivacaine and 
lignocaine, may result from peripheral block of 
nociceptive input by local anaesthetics and conse- 
quently delayed c-fos expression at the spinal cord 
level. 

Interestingly, the effect of pre-administered intra- 
plantar bupivacaine on the laminar pattern of car- 
rageenan-induced spinal c-fos expression at 60 min 
after carrageenan was similar to that observed with 
pre-administered intraplantar morphine’® and 


Local anaesthetics and inflammatory noctceptive processing 


various systemic NSAID (see references in Buritova 
and colleagues!®) observed previously in the same 
experimental paradigm at 180 min after car- 
rageenan. In these previous studies, the period of 
180 min after intraplantar carrageenan had been 
covered by activity of the analgesic/anti-inflamma- 
tory drugs which resulted in reduction of c-fos 
expression in both superficial and deep laminae of 
the spinal dorsal horn. Overall, during the period of 
drug activity, both bupivacaine (60 min after car- 
rageenan) and analgesic/anti-inflammatory drugs 
(180 min after carrageenan (see references in 
Buritova and colleagues!%) had a similar effect on 
reducing spinal c-fos expression in both superficial 
and deep laminae. In contrast, after the period of 
drug activity (e.g. at 180 min after carrageenan), 
administration of bupivacaine induced a dissociative 
laminar pattern of spinal c-fos expression without 
effect on c-fos expression in superficial laminae. This 
dissociative effect of bupivacaine was similar to that 
described previously with the NMDA receptor 
antagonist, (*)-HA966, in the same experimental 
paradigm. Interestingly, bupivacaine and (+)-HA 
9663 have a similar duration of antinociceptive 
effect (about 60 min). 

In this study, the absence of persistent effects of 
intraplantar local anaesthetic on both behavioural 
nociceptive test and spinal c-fos expression in the 
superficial laminae does not support the hypothesis 
of efficacy of pre-emptive analgesia. However, the 
reduction in both total and deep laminae c-fos 
expression by bupivacaine may have an influence 
on the development of chronic pain states but 
additional studies are required to test this 
hypothesis. 


LOCAL ANAESTHETICS AND PREVENTION OF PAIN 


In this study we used parallel behavioural and 
immunohistochemical approaches to assess the pos- 
sible pre-emptive effect of local anaesthetics. The 
reduction in spinal c-fos expression in both the 
superficial and deep laminae at 60 min suggests that 
local anaesthetic pre-infiltration interrupted noci- 
ceptive inputs during the initial phase of carrageenan 
inflammation. However, a longer block may be 
necessary to reveal a pre-emptive analgesic effect of 
local anaesthetics. Thus an increase in the dose of 
local anaesthetic used for infiltration or a nerve block 
technique may be proposed. Unfortunately, re-injec- 
tion in this study would have been toxic (1 mg of 
bupivacaine was already injected; i.e. more than 
4 mg kg"!). Furthermore, we have previously used 
0.5% bupivacaine with adrenaline or higher doses 
(5 mg of bupivacaine instead of 1 mg in 200 pl) of 
bupivacaine included in microspheres** which 
produced, respectively, a 100%?! and 175% (unpub- 
lished data) increase in analgesia related to infiltra- 
tion but without a pre-emptive effect detected by 
behavioural tests in the same carrageenan model. In 
contrast, the intervention required for nerve block 
may induce additional nociceptive stimulation which 
influences carrageenan-induced spinal c-fos expres- 
sion and consequently impairs the homogeneity of 
control values. In addition, the behavioural test used 
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in this study (vocalization threshold to paw pressure) 
may be difficult to evaluate when there is total 
paralysis of the limb. 

The development of inflammatory nociception 
induced by intraplantar carrageenan in the rat is 
comparable to the time course of postoperative pain 
(24-96 h) and it might explain the similar results of 
this study and clinical studies on pre-emptive analge- 
sia with local anaesthetic infiltration of the site of 
superficial surgery (see references in Dahl and 
Kehlet’). Our results extend clinical studies showing 
that pre-emptive anaesthesia with infiltration by 
local anaesthetics has no long-term benefits for post- 
operative analgesia (see references in Dahl and 
Kehlet'). 

In summary, the effects of intraplantar pre-admin- 
istration of bupivacaine and lignocaine on car- 
rageenan-induced mechanical allodynia did not 
persist beyond the direct local anaesthetic effect. 
Similarly, carrageenan-induced nociceptive inputs 
were reduced only briefly by local anaesthetics, as 
shown by the transient reduction in spinal c-fos 
expression, an indicator of nociceptive transmission 
at the spinal cord. 
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Myocardial effects of eltanolone in hamsters with hypertrophic 


cardiomyopathy 


P. RUEL, J.-L. HANouz , B. Riou, Y. LECARPENTIER AND P. CORIAT 





Summary 


Eltanolone is a new short-acting i.v. induction agent 
that induces less cardiovascular depression than 
propofol or thiopentone and has no significant 
effect on intrinsic contractility in normal 
myocardium. However, its effects on diseased 
myocardium are unknown. We have studied in vitro 
the effects of eltanolone 0.1, 1, and 10 pg mi~! on 
the intrinsic contractility of left ventricular papillary 
muscles from normal hamsters and those with 
hypertrophic cardiomyopathy (strain BIO 14.6, 6- 
month-old) (Krebs-Henseleit solution, 29°C, pH 
7.40, Ca** 2.5 mmol litre~', stimulation frequency 3 
min~'). Cardiac hypertrophy (mean 134 (sp 9) %, P 
< 0.001) was observed in cardiomyopathic 
hamsters. Contractility of papillary muscles from 
hamsters with cardiomyopathy was less than that 
of controls, as shown by the lower active isometric 
force (8 (3) vs 35 (14) mN mm=~2, P < 0.001). 
Eltanolone did not induce any significant inotropic 
or lusitropic effects in normal hamsters, and the 
effects of eltanolone were not significantly 
different between normal hamsters and those with 
cardiomyopathy.(Br. J. Anaesth. 1996; 77: 653-657) 


Key words 
Anaesthetics i.v., eltanolone. Heart, cardiomyopathy. Heart, 
myocardial function. Heart, inotropism. Hamster. 


Eltanolone is a new short-acting i.v. anaesthetic 
agent which has undergone preliminary clinical 
investigation.’ 3 Eltanolone (3a-hydroxy-5ß- 
pregnan-20-one) is a naturally occurring metabolite 
of progesterone which has been shown to be 3.2 
times more potent than propofol and six times more 
potent than thiopentone.? The decrease in arterial 
pressure produced by eltanolone has been shown to 
be smaller than that after an equipotent dose of 
propofol.3 

Because of concomitant changes in preload, sys- 
temic resistance, sympathetic activity and central 
nervous system activity, the exact effects of anaes- 
thetic agents on intrinsic myocardial contractility are 
difficult to assess in wivo.* In vitro, eltanolone has 
been shown to induce no significant inotropic effect 
on rat myocardium.? Nevertheless, eltanolone 
induced a decrease in the calcium release function of 
the sarcoplasmic reticulum.? 


The effects of eltanolone on diseased myocardium 
are unknown. It has been demonstrated that the 
myocardial effects of anaesthetic agents may differ 
between normal and diseased myocardium.®’ The 
various strains of Syrian hamsters with hereditary 
cardiomyopathy offer an opportunity to investigate 
the effects of anaesthetic agents on intrinsic myocar- 
dial contractility. Contractility, cellular biochem- 
istry, molecular biology and pathophysiology have 
been studied extensively in the model, and impair- 
ment in contractility is caused primarily by cardiac 
muscle cell disease, and thus may be more relevant 
to clinical cardiomyopathies.59 We therefore con- 
ducted an in vitro study of the effects of elranolone 
on intrinsic contractility of left ventricular papillary 
muscle from normal hamsters and those with 
cardiomyopathy. 


Materials and methods 


Care of the animals conformed to the recommenda- 
tions of the Helsinski Declaration, and the study was 
performed in accordance with the regulations of the 
official edict of the French Ministry of Agriculture. 
We studied eight normal Syrian hamsters (strain 
F1B) and 13 cardiomyopathic Syrian hamsters 
(strain BIO 14.6) (Bio Breeders Inc., Fitchburg, 
MA, USA). In this strain, all animals of both sexes 
develop hypertrophic cardiomyopathy from the age 
of 6 weeks. All animals were aged 6 months. Body 
weight (BW) and heart weight CHW) were deter- 
mined at the moment of killing and the HW/BW 
ratio was calculated. Cardiac hypertrophy index was 
calculated by dividing the HW/BW value of each 
cardiomyopathic hamster by the mean HW/BW 
value in normal hamsters. 

We studied 21 left ventricular papillary muscles. 
After brief anaesthesia with ether, the hearts were 
removed rapidly and left ventricular papillary 
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muscles were excised carefully and suspended 
vertically in a 200-ml jacketed reservoir with 
Krebs-Henseleit bicarbonate buffer solution con- 
taining (mmol litre~!): NaCl 118, KC] 4.7, MgSO, 
1.2, KH,PO, 1.1, NaHCO, 25, CaCl, 2.5 and 
glucose 4.5 . The Krebs—Henseleit solution was pre- 
pared daily with highly purified water (Ecopure, 
Barnstead/Thermolyne Corporation, Dubuque, IA). 
The jacketed reservoir was maintained at 29 °C with 
a thermostatic water circulator (Polystat 5HP, 
Bioblock, Illkirch, France) and continuous monitor- 
ing of the solution temperature with a temperature 
probe (Pt100, Bioblock). Preparations were field- 
stimulated at 3 pulses min~ by two platinum elec- 
trodes with rectangular wave pulses of 5-ms duration 
just above threshold. The bathing solution was bub- 
bled with 95% oxygen—5% carbon dioxide, resulting 
in a pH of 7.40. After a 90-min stabilization period 
at the initial muscle length at the apex of the length- 
active isometric tension curve (/max), papillary 
muscles recovered their optimal mechanical 
performance, which remained stable for many hours. 

The pharmaceutical form of eltanolone in which a 
soya bean emulsion is the solvent (Pharmacia, 
Stockholm, Sweden) was tested. The solvent has 
been shown to be devoid of significant effects on 
intrinsic myocardial contractility.5!°!! Concentra- 
tions of eltanolone during anaesthesia range from 
0.3 to 3 pg mi7!.!2 Eltanolone is highly bound 
(99%) to plasma proteins,!* but this does not seem 
to influence its rapid disappearance from blood and 
extensive tissue distribution. Thus three concentra- 
tions of eltanolone were tested in a cumulative 
manner: 0.1 pg ml~! (0.31 pmol litre7), 1 pg ml“! 
(3.14 pmol litre7!) and 10 pg mim! (31.4 pmol 
litre~!), with a lapse of 15 min between each dose, as 
reported previously in rat myocardium,’ 


ELECTROMAGNETIC LEVER SYSTEM AND 
RECORDING 


The electromagnetic lever system has been described 
previously.!* Briefly, the load applied to the muscle 
was determined by means of a Servo mechanism- 
controlled current through the coil of an electro- 
magnet. Muscular shortening induced displacement 
of the lever, which modulated the light intensity of a 
photoelectric transducer. All analyses were made 
from digital records of force and length obtained 
with a computer, as described previously.'5 


MECHANICAL VARIABLES 


Conventional mechanical variables at max were 
calculated from three twitches. The first twitch was 
isotonic and was loaded with the preload corre- 
sponding to /max. The second twitch was clamped 
abruptly to zero load just after the electrical stimu- 
lus; the muscle was released from preload to zero 
load with a critical damping in order to slow the first 
and rapid shortening overshoot resulting from recoil 
of series passive elastic components, as reported pre- 
viously!®; maximum unloaded shortening velocity 
(vmax) was determined from this twitch. The third 
twitch was fully isometric at Imax. The mechanical 
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variables characterizing the contraction and relax- 
ation phases, and the coupling between contraction 
and relaxation were defined as follows. 


Contraction phase 


We determined vmax using the zero load clamp 
technique: maximum shortening velocity (v.max) of 
the twitch with preload only; maximum isometric 
active force normalized per cross-sectional area 
(AF); and peak of the positive force derivative nor- 
malized per cross-sectional area (+dF. dt“). vmax 
and AF tested the inotropic state under low and high 
loads, respectively. 


Relaxation phase 


We determined maximum lengthening velocity of 
the twitch with preload only (v,max) and the peak of 
the negative force derivative at Imax normalized per 
cross-sectional area (~dF. dr). These two variables 
examined relaxation under low- and high-loading 
conditions, respectively. Nevertheless, as changes in 
the contraction phase induce coordinated changes in 
the relaxation phase, vmax and —dF. dt! cannot 
assess lusitropy, and thus variations in contraction 
and relaxation must be considered simultaneously to 
quantify drug-induced changes in lusitropy. Indices 
of contraction-relaxation coupling have therefore 
been developed to study lusitropy.'” 


Contraction-relaxation coupling 


Coefficient R1 = v max/v,max examined the coupl- 
ing between contraction and relaxation under low 
load, and thus lusitropy. Under isotonic conditions 
the amplitude of sarcomere shortening is twice that 
observed under isometric conditions.'8 Because of 
the lower sensitivity of myofilament for calcium 
when cardiac muscle is markedly shortened under 
low load, relaxation proceeds more rapidly than con- 
traction, apparently as a result of rapid uptake of cal- 
cium by the sarcoplasmic reticulum (SR). Thus R1 
tests SR function. In contrast with v „max and v,max, 
R1 is not modified significantly by major inotropic 
changes induced by decreasing calcium. 

Coefficient R2 = (+dF. dt-4/—dF. dr!) studied 
the coupling between contraction and relaxation 
under high load, and thus lusitropy under high 
load. When the muscle contracts isometrically, 
sarcomeres shorten very little.!8 Because of the 
higher sensitivity of myofilament for calcium,!® the 
relaxation time course is determined by calcium 
unbinding from troponin C rather than by calcium 
sequestration by the SR. Thus R2 reflects myofila- 
ment calcium sensitivity. The variables R1 and R2 
which examine lusitropy have been used empiri- 
cally for many years, but have been validated 
recently .292! 

At the end of the study, muscle cross-sectional 
area was calculated from the length and weight of 
papillary muscle, assuming a density of 1. Shorten- 
ing and lengthening velocities were expressed in 
Imax s`}, force in mN mm~? and force derivative in 
mN mm~? s~!, 
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STATISTICAL ANALYSIS 


Data are expressed as mean (SD). Control values in 
normal hamsters and those with cardiomyopathy 
were compared using the Student’s t test. The effects 
of eltanolone in normal hamsters and in those with 
cardiomyopathy were compared by repeated- 
measures analysis of variance and the Newman- 
Keuls test. AU P values were two-tailed, and P < 
0.05 was required to reject the null hypothesis. 


Results 


Heart weight (HW) was not significantly different 
between normal hamsters and those with cardiomy- 
opathy. However, the HW/BW ratio was signifi- 
cantly greater in cardiomyopathic hamsters, 
indicating marked cardiac hypertrophy (table 1). 
The intrinsic mechanical performance of papillary 
muscles from hamsters with cardiomyopathy was 
significantly lower during isometric (AF) and iso- 
tonic (vmax) twitches (table 2, fig. 1). Rl and R2, 
which test lusitropy under low and high load, were 
not significantly different between the two groups. 

Eltanolone induced no significant inotropic effect 
on normal muscles, as shown by the absence of 
changes in vmax and AF (table 3). There were no 
differences in these inotropic variables between 
normal hamsters and those with cardiomyopathy 
(table 3). Under isotonic conditions, eltanolone had 
no significant lusitropic effect (R1), and there were 
no significant differences between normal hamsters 
and those with cardiomyopathy (table 3). Under iso- 
metric conditions, eltanolone had no significant 
lusitropic effect (R2) in normal hamsters, and no sig- 
nificant differences were noted between normal 
hamsters and those with cardiomyopathy (table 3). 


Discussion 


We have observed that eltanolone induced no signif- 
icant effects on the intrinsic mechanical properties 
of left ventricular papillary muscles from normal 
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Table 1 Characteristics of normal hamsters (n = 8) and those 
with cardiomyopathy (m = 13) (mean (sp)). BW = Body weight; 
HW = heart weight. Cardiac hypertrophy index was determined 
by dividing the HW/BW value of each cardiomyopathic hamster 
by the mean HW/BW value of normal hamsters. *P < 0.05 vs 
normal hamsters 








Normal Cardiomyopathic 
Variable hamsters hamsters 
BW (g) 147 (5) 102 (9) * 
HW (mg) 429 (21) 440 (54) 
HW/BW (1073) 3.2 (0.1) 4.3 (0.3) * 
Cardiac hypertrophy index (%) 100 134 (9) * 


Table 2 Characteristics of left ventricular papillary muscles 
from normal hamsters (n = 8) and those with cardiomyopathy 

(n = 13) (mean (SD)). Amax = Initial length; CSA = cross- 
sectional area; RF/TF = ratio of resting force to total force; ymax 
= maximum unloaded shortening velocity; AF = isometric active 
force normalized per CSA; R1 = contraction-relaxation coupling 
under low load; R2 = contraction-relaxation coupling under high 
load. *P < 0.05 vs normal hamsters 


Normal Cardiomyopathic 
Variable hamsters hamsters 
imax (mm) 4.0 (0.8) 3.2 (0.7)* 
CSA (mm?) 0.89 (0.17) 0.89 (0.15) 
RF/TF 0.15 (0.05) 0.20 (0.05)* 
vmax (Imax s7!) 3.10 (0.50) 2.57 (0.53)* 
AF (mN mm?) 35 (14) 8 (3)* 
RI 0.94 (0.12) 1.02 (0.14) 
R2 1.57 (0.13) 1.47 (0.19) 


hamsters, and that there were no significant differ- 
ences in the effects of eltanolone in normal hamsters 
and those with cardiomyopathy. 

Eltanolone did not modify contraction-relaxation 
coupling under low load (RI). Under isotonic condi- 
tions, the amplitude of sarcomere shortening is twice 
that observed under isometric conditions,!® and the 
time course of isotonic relaxation occurs earlier and 
more rapidly than that of isometric relaxation, partly 
via two mechanisms!®: (1) easier removal of calcium 
from troponin C caused by a decrease in myofila- 
ment calcium sensitivity; and (2) rapid uptake of cal- 
cium by the SR. Under low load, the SR appears to 








2 


Figure 1 Mechanical variables of contraction and relaxation. Top: Muscle shortening 
length (Vimax) vs time. Bottom: Force (F) us time. Twitch 1 was loaded with preload only 
at Amax. Twitch 2 was loaded with the same preload as twitch 1 and was abruptly clamped 
to zero load just after the electrical stimulus. Twitch 3 was fully isometric. 
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Table 3 Comparison of the effects of eltanolone on left ventricular papillary muscles from normal (# = 8) and 
cardiomyopathic hamsters (n = 13). umax = Maximum unloaded shortening velocity; AF = isometric active 
force normalized per CSA; R1 = contraction-relaxation coupling under low load; R2 = contraction-relaxation 
coupling under high load. Values are mean (SD) percentage of control values. No significant differences between 


groups 





Eltanolone concentration (ug ml") 





Mechanical variables Group 0.1 1 10 
Inotropy 
vmax(fmax s!) Normal 117 (17) 119 (17) 116 (22) 
Cardiomyopathic 107 (9) 106 (12) 107 (13) 
AF (mN mm”) Normal 113 (13) 113 (13) 109 (19) 
Cardiomyopathic 107 (11) 112 (15) 112 (16) 
Lusitropy 
Rl Normal 102 (3) 97 (11) 99 (11) 
Cardiomyopathic 100 (4) 103 (5) 102 (5) 
R2 Normal 105 (7) 102 (8) 101 (8) 
Cardiomyopathic 98 (6) 100 (5) 100 (6) 


play a major role in the regulation of isotonic relax- 
ation. Therefore, our results suggest that eltanolone 
did not modify uptake of calcium by the SR. This 
result agrees with that obtained previously in rat 
myocardium.” 

Contraction-relaxation coupling under high load 
(R2) was not modified by eltanolone. Under 
isometric conditions and because of slight sarcomere 
shortening, myofilament calcium sensitivity is 
decreased less than under isotonic conditions and 
becomes the limiting step that appears to play a 
major role in the regulation of the time course of iso- 
metric relaxation. The absence of any lusitropic 
effect of eltanolone under high load suggests that it 
did not modify myofilament calcium sensitivity, as 
reported previously in rat myocardium.” 

Genetically induced cardiomyopathy in Syrian 
hamsters is characterized by progressive occurrence 
of focal myocardial degeneration, fibrosis and calcifi- 
cations during the life of the animal.®? At age 30-40 
days, histological lesions become apparent and 
myocardial performance decreases. Additional car- 
diac changes include hypertrophy, or dilatation, or 
both, depending on the strain, then congestive heart 
failure and death. In our study, myocardial contrac- 
tility was impaired markedly in cardiomyopathic 
muscles, as reflected by the decrease in vmax and AF 
(table 2). Decreased myocardial contractility in 
cardiomyopathic hamsters may be explained by 
decreased activity of G proteins,?? decreased 
sarcolemmal Ca?+ and Nat-K*t ATPase activities,?? 
alterations in Na-Ca exchange,”4 decreased conduc- 
tance and density of voltage-sensitive calcium chan- 
nels,” alterations in the creatine kinase system,?° 
and alteration in myofilament regulatory proteins.?? 
Nevertheless, a decrease in SR function is not 
observed in all strains, and the strain used in our 
study (BIO 14.6) which develops hypertrophic car- 
diomyopathy has been shown to exhibit normal SR 
function. In this study, the lack of significant 
increase in R1 is consistent with these results and 
concords with results obtained previously in other 
strains with hypertrophic cardiomyopathy.?? 

Because of the complex action of anaesthetic 
agents on cardiac muscle and because of the various 
pathological changes observed in the myocardium of 
cardiomyopathic hamsters, it is not easy to predict 


the mechanical effects of anaesthetic agents on this 
diseased myocardium. Indeed, it has been demon- 
strated that the mechanical effects of ketamine® and 
etomidate’ differ in normal and cardiomyopathic 
hamsters. In contrast, in this study, we observed that 
the mechanical effects of eltanolone did not differ in 
left ventricular papillary muscles from normal and 
cardiomyopathic hamsters. 

The following points must be considered in the 
assessment of the clinical relevance of our results. 
First, because this study was conducted im vitro, it 
dealt only with intrinsic myocardial contractility. 
Observed changes in cardiac function after in vivo 
administration of eltanolone also depend on modifi- 
cations in venous return, afterload and compen- 
satory mechanisms. This point should be of special 
importance in patients with cardiomyopathy whose 
cardiac function depends not only on intrinsic con- 
tractility but also on preload, postload and sympa- 
thetic activity. Second, this study was conducted at 
29 °C and at a low stimulation frequency; however, 
papillary muscles must be studied at this tempera- 
ture because stability of mechanical variables is not 
sufficient at 37 °C and at a low frequency because 
high stimulation frequency induces core hypoxia.*° 
Moreover, higher stimulation rates frequently 
induce extrasystoles in cardiomyopathic muscles, 
resulting in an unreliable recording of mechanical 
variables. Third, this study was performed on 
hamster myocardium, which differs from human 
myocardium. Furthermore, because eltanolone is 
highly bound to plasma proteins!3 and because the 
bathing solution was protein-free, the concentrations 
tested might be considered high. 

In summary, in studies conducted on isolated left 
ventricular papillary muscle, eltanolone did not 
modify intrinsic myocardial contractility in normal 
hamsters, and no significant differences were 
observed between normal and cardiomyopathic 
hamsters. These results could be important as most 
anaesthetic agents decrease myocardial contractility.3! 
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Comparison of the effects of controlled ventilation with 100%% oxygen, 
50% oxygen in nitrogen, and 50% oxygen in nitrous oxide on responses 


to venous air embolism in pigs 


J. KytrA, P. TANSKANEN AND T. RANDELL 


Summary 

In this randomized, experimental study in 18 pigs, 
we have investigated the effects of inspiratory air in 
oxygen, 100% oxygen and 50% nitrous oxide in 
oxygen on the detection and consequences of 
venous air embolism. Each animal was tested with 
injections of 1.0 ml kg~? and 2.0 m! kg™! of air. All 
animals, except one in the nitrous oxide group, sur- 
vived the air emboli. Systolic and diastolic arterial 
pressures decreased significantly in all groups after 
both injections of air. Pulmonary diastolic pres- 
sures increased most in the nitrous oxide group. 
End-tidal concentration of carbon dioxide 
decreased significantly in all groups after air injec- 
tions. The difference in concentration of oxygen in 
the inspiratory and expiratory gas (O; (i — £)) was 
lowest in the air group after both injections of air. 
On the basis of our studies we suggest that nitrous 
oxide should not be used during surgery associated 
with an increased risk of venous air embolism. (Br. 
J. Anaesth. 1996; 77: 658-661) 


Key words 
Oxygen, inspired concentration. Ventilation, mechanical. 
Anaesthetics gases, nitrous oxide. Embolism, air. Pig. 


The incidence of venous air embolism (VAE) has 
varied from 6% to more than 30% in patients under- 
going surgery in the sitting position! and episodes of 
VAE have also been reported during orthopaedic 
operations.* Suggested alternatives for maintenance of 
anaesthesia during posterior fossa surgery include 
volatile anaesthetics in 100% oxygen, in nitrous oxide 
in oxygen or in air in oxygen.” Using nitrous oxide 
may facilitate detection of VAE,§ but on the other hand, 
nitrous oxide may increase the size of the air bubbles 
and may therefore be detrimental. However, Losasso 
and co-workers’ did not find any differences in the 
incidence of VAE in neurosurgical patients receiving 
50% nitrous oxide in oxygen or 100% oxygen as part of 
isoflurane and fentanyl-based anaesthesia. 

In a previous experimental study we demonstrated 
a decrease in airway compliance and an increase in 
pulmonary diastolic pressure after VAE during 
ventilation with 100% oxygen. Simultaneous 
administration of nitrous oxide may further increase 
pulmonary vascular resistance in the case of VAE. 


Therefore, in this randomized, experimental study in 
pigs, we investigated the effects of three different 
mixtures of inspiratory gases, one of which 
included 50% nitrous oxide, on the detection and 
consequences of air embolism. 


Materials and methods 


The study was approved by the Animal Use and Care 
Committee of the hospital We used 18 
domestic pigs, weighing 17-22 kg, and the animals 
were unpremedicated. A vein on one ear was 
cannulated and Ringer’s acetate was given iv. 
Glycopyrronium 10 pg kg! was administered and 
anaesthesia was induced with a sleep dose of thiopen- 
tone. Pancuronium 0.2 mg kg™! was used to facilitate 
tracheal intubation. Before instrumentation, fentanyl 
5 wg kg~! was given. Anaesthesia was maintained with 
isoflurane and nitrous oxide in 50% oxygen (six ani- 
mals, nitrous oxide group), 100% oxygen (six ani- 
mals, oxygen group) or 50% oxygen in nitrogen (six 
animals, air group). The concentration of isoflurane 
was adjusted to produce 0.7 MAC in a pig. The gas 
mixture used was selected randomly. Pancuronium, 
in 1-mg increments, was given as needed to maintain 
the animal] paralysed throughout the experiment. The 
anaesthetic technique was similar to that used in 
patients undergoing surgery in the sitting position. 

The ventilator used was a Servo 900C (Siemens 
Elema, Sweden). The inspiration—-expiration flow 
ratio was set to 25% and the pause time to 10%. 
Ventilatory frequency was set to 20 bpm and tidal 
volume was adjusted to maintain PE’ co, at 4.0-4.5%. 

A side-stream spirometer (Datex Ultima, 
Instrumentarium, Finland) was connected to the 
ventilator tubing, providing continuous information 
on lung compliance, tidal volume and minute 
volume. The difference in concentration of oxygen 
in the inspiratory and expiratory gas (O, {I — E)), 
inspiratory and end-tidal isoflurane concentrations 
and P8’co, were analysed continuously and 
displayed on the same monitor screen. 

One of the femoral arteries was cannulated for 
continuous monitoring of arterial pressure. A 
pulmonary artery catheter (size 5-French gauge) was 
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introduced through the right jugular vein. 
Pulmonary artery pressures were monitored con- 
tinuously. Haemoglobin saturation of oxygen (Spo,) 
and ECG were monitored continuously. 

Baseline values of arterial and pulmonary artery 
pressures, cardiac rhythm and rate, Spo, and ventila- 
tory variables were recorded. Air was then injected 
via the peripheral vein at a rate of 1 ml s7}. 
Haemodynamic and ventilatory variables were 
recorded at the end of and 30 s after injection, and 
then at 1-min intervals for 10 min and every 2 min 
for another 10 min. The ratios of systolic arterial and 
pulmonary pressures were calculated after both 
injections of air to evaluate the magnitude of changes 
in pulmonary pressures at the time of ensuing 
circulatory collapse. 

Each animal was tested with two injections of 
air. The volumes and order of injections were 
1.0 ml kg™! and 2.0 ml kg™! and they were given 
50 min apart. The doses used were based on our 
previous study. After the experiment, the 
animals were killed with a toxic dose of barbiturate 
and i.v. injection of air 10 ml kg™!. 

Data were analysed using ANOVA. If significant 
differences were observed, the Fisher PLSD test was 
used for post hoc analysis. The results are presented 
as mean (SEM). P < 0.05 was considered statistically 


significant. 


Results 


All animals, except one, survived the air emboli; in 
one pig in the nitrous oxide group, 8 min after 
injection of 2.0 ml kg™! of air, electromechanical 
dissociation was noted. No attempt was made at 
cardiopulmonary resuscitation and the results 
obtained after injection of 2.0 ml kg™! of air in this 
animal were omitted from the analysis. 

After injection of 1.0 ml kg! of air, systolic and 
diastolic arterial pressures decreased significantly in 
all groups and returned to baseline values within 5 
min (table 1). After injection of 2.0 ml kg™! of air, a 
significant decrease in systolic and diastolic pressures 
was observed in all groups at 30 s after the end of 
injection (table 2). At 16 min, systolic arterial pres- 
sure increased to a significantly higher level in the 
nitrous oxide group compared with the other groups 
(122 (6) mm Hg in the air group, 126 (7) mm Hg in 
the oxygen group and 156 (15) mm Hg in the nitrous 
oxide group; P < 0.05). The differences between the 
groups persisted to the end of the study period. 

Pulmonary diastolic pressures increased after 
injection of air and the highest pressures were 
observed in the nitrous oxide group (fig. 1). The 
ratios of systolic pressures were highest in the nitrous 
oxide group after injection (fig. 2). 

In the oxygen group, heart rate decreased from 140 
(12) to 125 (13) beat min! at 30 s (P < 0.05) after 
injection of 1.0 ml kg™! of air, and remained at this 
level until the end of the first study period. No signif- 
icant changes were noted in the other groups. After 
injection of 2.0 ml kg~! of air, changes in heart rate 
were not significant until 10 min, when heart rate had 
increased from 155 (7) to 194 beat min™! in the 
nitrous oxide group (P < 0.05), At 8 min, heart rate 
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was significantly higher in the nitrous oxide group 
than in the other groups (147 (15) beat min™! in the 
air group, 136 (13) beat min~! in the oxygen group 
and 194 (17) beat min™! in the nitrous oxide group; 
P < 0.05). Heart rate remained significantly higher to 
the end of the study in the nitrous oxide group. 
End-tidal concentration of carbon dioxide 
decreased significantly in all groups at 30 s after 
injection of 1.0 ml kg™! of air and immediately after 
injection of 2.0 ml kg7! of air (fig. 3). ` 
There were no significant decreases in arterial 
saturation of oxygen after injection of 1.0 ml kg™! of 
air. After injection of 2.0 ml kg! of air, Spo, 
decreased from 100% to 77 (5) % in the nitrous oxide 
group (P < 0.01 between nitrous oxide and other 
groups). In the air group, the lowest observed Spo, 
value was 88 (7) % at 5 min (P < 0.05 compared with 


Table 1 Changes in systolic and diastolic arterial pressures after 
injection of 1.0 ml kg™! of air (mean (SEM)). *P<0.05, ** P< 0.01, 
***P<0.001 within groups, compared with baseline; +P<0.05 
between the nitrous oxide (N30) and oxygen (O,) groups; 
$P<0.05, between the N,O and other groups 


Time Air group O, group N,O group 
Systolic arterial pressures (mm Hg) 

Baseline 120 (5) 125 (5) 136 (12) 

After injection 115 (5) 118 (6) 121 (10) 

30s 105 (4)*** 108 (5)*** 97 (16)** 

1 min 101 (4)*** 105 (4)*** 71 (18)***4 

2 min 104 (5)*** 102 (4)*** 69 (16)***£ 

3 min 107 (4)** 106 (5)*** 82 (15)** 

4 min 113 (3) 109 (4)*** 99 (14)* 

5 min 116 (4) 115 (4)* 120 (12) 

6 min 118 (4) 119 (4) 134 (13) 
Diastolic arterial pressures (mm Hg) 

Baseline 80 (6) 85 (6) 96 (8) 

After injection 78 (5) 82 (6) 89 (11) 

30 s 71 (5)* 74 (5)** 67 (11)* 

1 min 69 (5)** 70 (5)*** 48 (13)** 

2 min 69 (6)** 69 (4)*** 45 (12)***t 

3 min 72 (5)* 69 (5)*** 52 (13)** 

4 min 77 (5) 73 (4)*** 63 (12)* 

5 min 79 (5) 78 (4) 80 (10) 

6 min 81 (6) 81 (4) 93 (10) 








Table 2 Changes in systolic and diastolic arterial pressures after 
injection of 2.0 ml kg™! of air (mean (SEM)). *P<0.05, **P< 0.01, 
***P<().001 within groups, compared with baseline; }P<0.05 
between the nitrous oxide (N,O) and other groups; $P<0.05, 
between the air and N,O group 








Time Air group O, group N,O group 

Systolic arterial pressures (mm Hg) 
Baseline 117 (7) 123 (7) 119 (9) 
After injection 102 (6) 106 (7) 91 (10) 
308 76 (12)*** 71 (9)*** 36 (3)***+ 
1 min 74 (13)*** 65 (12)*** 31 (B)***E 
2 min 75 (13)*** 71 (14)*** 44 (2)*** 
3 min 98 (15)* 72( 20)*** 61 (11)*** 
4 min 106 (12) 101 (15)* 71 (13)** 
5 min 114 (8) 111 (12) 82 (18)* 
6 min 123 (8) 122 (9) 90 (19)* 

Diastolic arterial pressures (mm Hg) 
Baseline 78 (9) 83 (6) 81 (8) 
After injection 66 (7) 73 (7) 57 (7)*t 
308 49 (9)** 43 (7)*** 23 (3)*** 
l] min 48 (11)** 51 (12)* 21 G)*** 
2 min 49 (13)** 45 (11)** 27 (2)*** 
3 min 65 (12) 56 (11)* 31 (5)***$ 
4 min 72 (11) 65 (10) 36 (6)***+} 
5 min 76 (7) 72 (7) 41 (9)**+ 
6 min 80 (6) 80 (5) 49 (13)**¢ 
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Pulmonary diastolic pressure (mm Hg) 
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Figure 1 Changes in pulmonary diastolic pressure after injection 
of air: air group 1.0 ml kg™! (@) and 2.0 mi kg™! (0) of air, 
respectively; oxygen group, 1.0 ml kg™! (@) and 2.0 mi kg! (©) 
of air, respectively; nitrous oxide group, 1.0 ml kg™! (V) and 2.0 
ml kg! (V) of air, respectively. 0 = Baseline, E = immediately 
after the end of injection of air. There were significant increases 
after injection of 1.0 ml kg™! of air (P < 0.001) in the air group 
and nitrous oxide group immediately after the end of injection 
(Œ), and in the oxygen group at 30 s. Values returned to baseline 
at 18 min in the air group and at 14 min in the oxygen and 
nitrous oxide groups. There were significant differences (P < 
0.05) between the oxygen and nitrous oxide groups from baseline 
to 18 min and significant increases after injection of 2.0 ml kg™! 
of air in the air group (P < 0.001) from immediately after the end 
of the injection (E) to 12 min , in the oxygen group (P < 0.001) 
from E to 8 min, and in the nitrous oxide group (P < 0.01) at E, 
and again from 3 min to 12 min. There were significantly lower 
values in the oxygen group (P < 0.05 or P < 0.01) from baseline 
to | min, and from 4 min to 16 min. 


100 
90 


Pressure ratio (%) 
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Figure 2 Changes in systolic pressure ratios after injection of 
air: air group 1.0 ml kg™! (@) and 2.0 ml kg™! (©) of air, 
respectively; oxygen group, 1.0 ml kg™! (m) and 2,0 ml kg™?! (0) 
of air, respectively; nitrous oxide group, 1.0 ml kg~! (V) and 2.0 
mi kg™! (V) of air, respectively. 0 = Baseline, E = immediately 
after the end of injection of air. There were significant increases 
after injection of 1.0 ml of air (P < 0.05) in the nitrous oxide 
group immediately after injection of air (E) and in all groups at 
30 s (P < 0.001). Values returned to baseline at 9 min in the air 
group, 16 min in the oxygen group and 7 min in the nitrous 
oxide group. There were significant differences between the 
groups: P < 0.05 at E, 3 and 5 min, oxygen vs nitrous oxide 
group; P < 0.001 at 30 s, 1 and 2 min, and P < 0.05 at 4 min, 
nitrous oxide vs other groups. After injection of 2.0 ml kg™! of 
air, there were significant increases at the end of injection: P < 
0.001 in the air and nitrous oxide groups immediately after the 
end of injection (E), P< 0.01 in the oxygen group at E and P< 
0.001 at 30 s. Values returned to baseline at 12 min in the air 
group, at 8 min in the oxygen group and at 16 min in the nitrous 
oxide group. There were significantly higher values in the nitrous 
oxide group: P < 0.05 from E to 3 min, at 5 min, and from 9 
min to 12 min, P < 0.01 from 6 min to 8 min. 








British Journal of Anaesthesia 


End-tidal CO, (%) 





0 £€30s1 23 4 6 6 7 B 9 10 12 14 16 18 20 
Time {min} 


Figure 3 Changes in end-tidal concentration of carbon dioxide 
(CO,) after injection of air: air group 1.0 ml kg™! (@) and 2.0 ml 
kg7! (©) of air, respectively; oxygen group, 1.0 ml kg! (m) and 
2.0 ml kg™! (0) of air, respectively; nitrous oxide group, 1.0 ml 
kg! (V) and 2.0 ml kg™! (V) of air, respectively. 0 = Baseline, 
E = immediately after the end of injection of air. There were 
significant decreases after injection of 1.0 ml kg™! of air (P < 
0.001) from 30 s to 7 min in the air group, to 14 min in the 
oxygen group and to 9 min in the nitrous oxide group. Values 
returned to baseline at 12 min in the air and nitrous oxide 
groups. In the oxygen group, there were significant differences (P 
< 0.05) at 20 min compared with baseline. Differences between 
the groups: P < 0.05 between the air group and nitrous oxide 
group at 1, 2, 3, 6 and 8 min, and between the air group and 
other groups at 4 and 5 min. There were significant decreases 
after injection of 2.0 ml kg™! of air: in the air group, P < 0.05 at 
8 min, P < 0.001 from E to 7 min; in the oxygen group, P < 
0.05 at 14 and 16 min, P < 0.01 at 12 min, P< 0.001 from E to 
10 min; in the nitrous oxide group, P < 0.05 at 10 min, P< 
0.01 from E and 9 min, P < 0.001 from 30 s to 8 min. Values 
were lowest in the nitrous oxide group: P < 0.05 at 30 s and at 9 
min, P < 0.01 from 1 min to 8 min. 


baseline) and in the oxygen group 80 (15) % at 1 min 
(P < 0.05 compared with baseline). In the nitrous 
oxide group the lowest recorded value was noted at 8 
min, but on several occasions poor perfusion to the 
tail rendered monitoring of Spo, impossible. 

The difference in concentration of oxygen in the 
inspiratory and expiratory gas (O, (I — B)) was 
lowest in the air group after both injections of air 
(fig. 4). 

Changes in airway compliance were similar in all 
groups. After injection of 1.0 ml kg™! of air, compli- 
ance decreased from 21 (2) to 19 (2) ml cm H,O7? in 
the air group at 5 min (P < 0.05), from 20 (2) to 19 (2) 
ml cm H,O”! in the oxygen group at 30 s (P < 0.01) 
and from 20 (1) to 17 (1) ml cm H,O7? in the nitrous 
oxide group at 1 min (P < 0.05). After injection of 2.0 
ml kg™! of air significant changes occurred at 30 s, and 
were from 18 (2) to 16 (3) ml cm H,O“! (P< 0.01), 
from 17 (2) to 16 (2) ml cm H,O7! (P < 0.05) and 
from 16 (2) to 14 (1) ml cm H,O7! (P < 0.05) in the 
air, oxygen and nitrous oxide groups, respectively. 


Discussion 


The haemodynamic changes after VAE were slightly 
smaller than those noted in our previous study, in 
which three doses of air were injected into the right 
atrium at 50-min intervals.® In this study, air was 
injected via a peripheral vein in an attempt to better 
mimic an air embolism during craniotomy. Further- 
more, we evaluated only the effects of two doses of 
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Figure 4 Changes in the difference in concentration of oxygen 
in the inspiratory and expiratory gas (O; (I — E)) after injection 
air: air group 1.0 ml kg™! (@) and 2.0 ml kg™! (©) of air, 
respectively; oxygen group, 1.0 ml kg! (M) and 2.0 ml kg“! (0) 
of air, respectively; nitrous oxide group, 1.0 ml kg! (V) and 2.0 
ml kg™! (V) of air, respectively. 0 = Baseline, E = immediately 
after the end of injection of air. There were significant decreases 
after injection of 1.0 ml kg”! of air: in the air group, P < 0.05 
from 6 min to 10 min, P< 0.01 at 5 min, P< 0.001 from 30 s 
to 4 min; in the oxygen group, P < 0.01 at 14 and 16 min, P< 
0.001 from E to 12 min; in the nitrous oxide group, P < 0.05 at 
6 min, P< 0.01 at E, P< 0.001 from 30 s to 5 min. Differences 
between groups: air group vs other groups, P < 0.01 at 0 to 4 
min, and from 14 min to 20 min, all other times significant 
differences (P < 0.001) between all groups. There were 
significant decreases after injection of 2.0 ml kg™! of air in the air 
group: P < 0.01 at E, 3 and 4 min, P< 0.001 from 30 s to 2 
min; in the oxygen group P < 0.05 at 16 min, P< 0.01 at 10 
and 12 min, P< 0.001 from E to 9 min; in the nitrous oxide 
group, P < 0.05 at 9 min, P< 0.001 from E to 8 min. 
Differences between groups: P < 0.05 at 0 min between air 
group and nitrous oxide group. Significant differences between 
all groups from E to 10 min. 


air, thus the cumulative effect of VAE was expected 
to be less evident. Our previous results suggested that 
some air can remain in the pulmonary circulation 
thus creating cumulative effects of two air emboli.® 

It has been suggested that 50% nitrous oxide in 
the inspiratory gas mixture can be used safely pro- 
vided it is discontinued after VAE has occurred.” We 
did not include discontinuation of nitrous oxide in 
our study design because in a clinical situation 
diagnosis of VAE can be delayed or missed. 
Furthermore, even if VAE is diagnosed promptly, 
nitrous oxide cannot be washed out immediately. 

We observed marked increases in pulmonary pres- 
sures after VAE, consistent with previous results.® 
The changes were most prominent in animals receiv- 
ing nitrous oxide. Similar changes have been 
observed after venous carbon dioxide embolism in 
experimental animals.? The increases in pulmonary 
pressures in this study not only reflected changes in 
pulmonary vascular resistance, but also mechanical 
block caused by air embolism. Cardiac output was 
not measured in this study because injection of air 
(which conducts heat poorly) would have affected 
the thermodilution technique. 

The small haemodynamic changes after VAE in 
the oxygen group suggested that the use of 100% 
inspiratory oxygen is preferable to oxygen in air 
when there is increased risk of VAE during surgery. 

A study be Vik and co-workers demonstrated that 
when VAE exceeds a certain threshold volume, 
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breakthrough of air from pulmonary arteries to the 
systemic circulation occurs.!° The volumes used in 
their study were comparable with those we injected. 
Even small bubbles of air may be detrimental in end 
arteries and nitrous oxide aggravates these effects by 
enlarging the size of the bubbles. 

Changes in the inspiratory to expiratory end-tidal 
oxygen difference in healthy subjects are not dependent 
on cardiac output but on ventilation and metabolism.!! 
In our earlier report, oxygen extraction diminished pro- 
gressively with VAE.* In the present study, the changes 
were greater in the nitrous oxide and oxygen groups 
than in the air group. We used a constant minute venti- 
lation and metabolism can be assumed to be similar in 
the animals. Thus we speculate that our observations 
are in part related to greater oxygen reserves in the 
oxygen group resulting in decreased uptake of oxygen 
when acute VAE caused diminished gas exchange. The 
difference between the nitrous oxide and air groups 
may be a manifestation of a greater decline in the gas 
exchange capacity in the former group, probably as a 
result of enlarged air bubbles. 

In summary, on the basis of our studies we suggest 
that nitrous oxide should not be used during surgery 
associated with an increased risk of venous air 
embolism. 
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SHORT COMMUNICATION 





Use of the fibrescope—video camera system for difficult tracheal 


intubation 


K. AOYAMA, I. TAKENAKA, T. SATA AND A. SHIGEMATSU 


Summary 

We describe an alternative technique for difficult 
intubation using a fibrescope and a video camera 
system. The fibrescope attached to the video 
camera was passed nasally, which provided a view 
of the larynx on the monitor screen. Then the 
operator inserted a tracheal tube into the trachea 
orally using a second fibrescope or a stylet under 
video visual control. This technique permits a view 
of the tube passing through the vocal cords in 
patients who present difficulty in intubation. (Br. J. 
Anaesth. 1996; 77: 662-664) 


Key words 
Intubation tracheal. Intubation tracheal, technique. 
Intubation tracheal, difficult. Equipment, fibrescope. 


Equipment, video camera. 


Fibreoptic intubation is a reliable method for 
tracheal intubation in patients with difficult airways.! 
2 However, advancement of the tracheal tube over 
the fibrescope cannot be seen by conventional tech- 
niques. Despite intratracheal placement of the 
fibrescope, difficulty can be encountered while pass- 
ing the tracheal tube through the vocal cords because 
the tube bevel is caught on the laryngeal structure.!-3 
Although rotating the tube while re-advancing may 
solve the problem, several attempts are sometimes 
required and damage to the larynx may occur.” In 
addition, the blindly advanced tracheal tube may 
enter the oesophagus, and its recognition is occa- 
sionally difficult.24 We report an alternative intuba- 
tion technique using a fibrescope attached to a video 
camera monitor system, which permits a view of 
passage of the tube into the glottis in patients who 
present with difficulty in intubation. 


Methods and results 


A 5l-yr-old, 55-kg man was undergoing partial 
gastrectomy. His previous anaesthetic record 
revealed that the lungs had been ventilated easily by 
mask, while intubation with direct laryngoscopy was 
impossible. Fibrescope-guided oral intubation had 
been performed, but difficulty had been encountered 
while advancing the tube over the fibrescope. Even 
with the jaw thrust manoeuvre or with an aid of a 
rigid laryngoscope, multiple attempts at fibreoptic 


intubation had been required. During attempts, 
oesophageal intubation had occurred which was 
recognized by capnography. This history was 
explained to the patient, but he refused awake intu- 
bation. Thus we planned to insert a fibrescope 
attached to a video camera into the nasopharynx to 
observe advancement of the tracheal tube during 
oral fibreoptic intubation. 

The patient was monitored by electrocardio- 
graphy, indirect arterial pressure, pulse oximetry and 
capnography. After induction of general anaesthesia 
with thiopentone 250 mg, the patient’s lungs were 
ventilated easily with 1-2% isoflurane in oxygen via 
a face mask. Neuromuscular block was produced 
with vecuronium 6 mg. After administration of a 
vasoconstrictor, a 6.5-mm i.d. Linder nasopharyn- 
geal airway was inserted into the nostril and an 
Ovassapian intubating airway into the mouth. 
During mask ventilation, a 4.9-mm o.d. fibreoptic 
bronchoscope (FOB, Olympus, BF P-30) attached 
to a video camera monitor system (Olympus, OTV- 
F3) was passed through a face mask diaphragm into 
the nasopharyngeal airway by an assistant and a 
complete view of the glottis was displayed on the 
television screen (fig. 1). 

After the mask was removed with the FOB left in 
place through the mask diaphragm, the operator 
inserted another fibreoptic laryngoscope (FOL, 
Olympus, LF-1), which was passed into the tracheal 
tube previously, through the airway intubator into 
the pharynx. The FOL was passed easily into the 
trachea, but the tracheal tube could not be advanced 
over the FOL. The tracheal tube caught on the right 
arytenoid cartilage was seen on the video monitor. 
The tracheal tube was then advanced with rotation 
and passed through the cords under video visual 
control. After passage of the tube through the glottis 
into the trachea was confirmed visually on the 
monitor screen, the FOB and FOL were removed. 
Successful intubation was confirmed further by 
capnography and clinical signs. Anaesthesia was 
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Figure 1 Intubation technique using a fibrescope and a video 
camera system. The fibrescope attached to the video camera is 
passed into the nasopharynx, which provides a view of the larynx 
on the video monitor. An operator can insert a tracheal tube into 
the trachea orally using a second fibrescope or a stylet under 
video visual control. This technique permits a view of passage of 
the tube into the glottis in patients who present with difficulty in 
intubation. 


maintained with isoflurane and nitrous oxide in 
oxygen. Surgery and recovery were uneventful. 

A 62-yr-old, 65-kg man was undergoing acromio- 
plasty. Preanaesthetic examination revealed 
Mallampati class 2 and one-third reduction of 
atlanto—occipital joint extension. Anaesthesia was 
induced with fentanyl 100 ug and thiopentone 300 
mg, and neuromuscular block was produced with 
vecuronium 7 mg. With conventional laryngoscopy, 
only the epiglottis could be seen despite application 
of external laryngeal pressure and manipulation of 
the head position. Several attempts using a straight 
blade, a longer Macintosh blade (No. 4) or a curved 
stylet were made by two experienced anaesthetists, 
but intubation failed. Then, the view of the larynx 
was obtained on a video monitor using an FOB and 
a video camera, as described in the first patient. The 
operator inserted a tracheal tube, equipped with a 
lubricated curved stylet, into the mouth with the jaw 
pulled forward and advanced the tracheal tube into 
the glottis under video visual control. Passage of the 
tube between the cords was confirmed visually. 
Successful placement of the tube was confirmed 
further by capnography. 


Comment 


This is the first report of tracheal intubation per- 
formed under video visual control in patients pre- 
senting with difficulty in intubation. The fibrescope, 
attached to the video camera and passed nasally, 
provided an excellent view of the larynx on the 
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monitor screen, even in patients who presented with 
difficulty in intubation, during and after intubation. 
When fibreoptic-guided oral intubation was per- 
formed using a second fibrescope, this technique 
allowed a view of advancement of the tracheal tube 
over the second fibrescope. When difficulty was 
encountered while passing the tracheal tube through 
the cords, we rotated the tube and re-advanced it 
under video visual control. We did not re-advance 
the tube blindly, as a blind manoeuvre, even with the 
aid of a rigid laryngoscope, had been difficult previ- 
ously. In our experience, direct vision of the tube 
rotation and tube advancement could help to intro- 
duce the tracheal tube into the glottis smoothly and 
so avoid tissue damage. In addition, our technique 
permits a view of the tube passing through the vocal 
cords, which could be useful in confirming correct 
placement of the tracheal tube. Intratracheal place- 
ment of the tube should be confirmed further by 
capnography, oximetry and traditional clinical signs 
after this technique. Another advantage of our tech- 
nique is that both the operator and assistants can 
view the airway, and therefore help each other. 

We could easily perform oral tracheal intubation 
using a stylet instead of the second fibrescope, as 
described in the second patient. This technique 
requires only one fibrescope. The tracheal tube with 
the curved stylet as a hockey stick could be placed 
around the tongue without the use of a laryngoscope 
and introduced into the trachea under video visual 
control. This technique can be used in combination 
with a bougie. 

The concept of our technique seems to be similar 
to that of some rigid fibreoptic laryngoscopes, 
including the Bullard laryngoscope, the 
Upsherscope and the Wu scope system, which 
permit a view of passage of the tube through the glot- 
tis on a video monitor. Although these devices may 
be available in patients with difficult intubation, 
there are some cases in which the rigid blade or fixed 
intubating mechanism, or both, was unsuitable.’ 
Our technique may be an acceptable alternative in 
these patients because a flexible fibrescope can be 
manipulated freely to view the glottis and the 
tracheal tube can be controlled independently with a 
second fibrescope or a stylet. 

A disadvantage of our technique is the necessity 
to use the nasal route, some equipment and an 
assistant. Our technique may be unsuitable in 
patients with coagulopathy, intranasal pathology 
and basilar skull fracture. Although there is the 
potential for nasal bleeding, we used the vasocon- 
strictor and the Linder nasopharyngeal airway to 
avoid this. This airway can be inserted with a soft 
inflatable introducer, which can minimize tissue 
damage. 

We suggest that the use of the fibre- 
scope—video camera system may be available for 
management of difficult intubation. This tech- 
nique may be useful where conventional fibre- 
optic techniques are difficult or fail. Then, if 
only one fibrescope is available, the technique 
used in the second case can be used. However, 
further studies are needed to determine the use- 
fulness ‘of this technique. 
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General anaesthesia for Caesarean section in a parturient with 


Noonan’s syndrome 


H. A. MCLURE AND S. M. YENTIS 


Summary 


We describe the anaesthetic management of a 
parturient with Noonan’s syndrome. Her problems 
included severe cardiac disease, facial abnormali- 
ties and extreme phobia to needles. After intra- 
uterine death at 30 weeks’ gestation, induction of 
labour was attempted and extradural analgesia 
initiated using low-dose bupivacaine. She failed to 
progress and underwent Caesarean section under 
general anaesthesia using awake oral fibreoptic 
intubation. (Br. J. Anaesth. 1996; 77: 665-668) 


Key words 
Complications, Noonan’s syndrome. 
cardiomyopathy. Anaesthesia, obstetric. 


Complications, 


Noonan’s syndrome is a clinical entity resembling 
Turner’s syndrome but with a normal karyotype.! 
Features include facial, skeletal and cardiovascular 
abnormalities. There has been only one case report 
of anaesthesia for Caesarean section in a parturient 
with Noonan’s syndrome, using regional anaes- 
thesia. We describe the management of a parturient 
with Noonan’s syndrome who required analgesia for 
labour, then general anaesthesia for Caesarean 
section. 


Case report 


A 25-yr-old primigravida with Noonan’s syndrome 
was referred to the obstetric anaesthetic high-risk 
clinic at 14 weeks’ gestation. She was known to have 
cardiomyopathy, and was under regular cardiologi- 
cal review having undergone pulmonary, aortic and 
mitral valvotomy with excision of left and right ven- 
tricular outflow obstruction at the age of 12 yr. Her 
maintenance therapy included iron supplementa- 
tion, digoxin 250 pg, amiloride 5 mg and frusemide 
40 mg once daily, and sotalol 40 mg twice daily. 
Haematological investigation revealed no coagula- 
tion or platelet defects. She had atrial fibrillation 
(AF) with a dilated left atrium and so was at risk of 
embolic events. She therefore received the low 
molecular weight heparin (LMWH) enoxaparin 40 
mg s.c. once daily, which was changed to warfarin at 
12 weeks’ gestation after small vaginal bleeds. She 
was dyspnoeic on climbing one flight of stairs and 
had occasional palpitations associated with dyspnoea 


and chest tightness. On examination she had AF 
with a ventricular frequency of 110-130 bpm, 
arterial pressure (AP) of 110/50 mm Hg, with no 
evidence of cardiac failure. Chest x-ray showed 
evidence of previous surgery. An electrocardiogram 
(ECG) revealed AF, left axis deviation with left 
bundle branch block and septal hypertrophy. 
Echocardiographic findings included a dilated left 
atrium (5.5 cm) with mitral stenosis (estimated area 
2.5 cm?, peak gradient 23 mm Hg, mean 10 mm 
Hg), a hypoplastic pulmonary valve and mild regur- 
gitation in all valves. Overall left ventricular function 
was impaired with a fractional shortening of 30%. 
The interventricular septum was thickened (1.2 cm) 
with no evidence of outflow tract obstruction. 

Her face was typical of Noonan’s syndrome with 
hypertelorism, downward slanting palpebral fissures 
and thickened hooded eyelids. She had a depressed 
nasal root with a wide base, small jaw, normal gape 
(Mallampati grade II) and a “nasal” voice. She had 
the characteristic “shield” chest deformity of pectus 
carinatum superiorly and pectus excavatum 
inferiorly, but minimal neck webbing. Her intelli- 
gence appeared normal, although she had a morbid 
fear of needles. 

At 23 weeks’ gestation the cardiologists stopped 
administration of sotalol because of concerns about 
its negative inotropic effects. One week later she was 
admitted to another hospital with pulmonary 
oedema and tachycardia of 150-160 beat min7!. An 
echocardiograph showed worsened left ventricular 
function. She was started on propranolol 10 mg 
three times daily with clinical and echocardiographic 
improvement. After antepartum haemorrhage at 27 
weeks’ gestation she was admitted to our hospital. 
Her international normalized ratio (INR) was 3.8. 
Warfarin therapy was stopped and replaced with the 
LMWH dalteparin 5000 u. s.c. once daily. Repeat 
echocardiography studies were unchanged. Serial 
cardiotocographs (CTG) were unremarkable, and a 
scan at 28 weeks’ showed normal fetal growth. Plans 
were made with the anaesthetic department for elec- 
tive Caesarean section at 38 weeks. At 30 weeks the 
baby was noted to be less active with reduced fetal 
heart rate variability on CTG. On the following 
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morning no fetal movements were felt. CTG failed 
to find a heart beat and ultrasound examination 
confirmed in utero death. 

The obstetric team chose to induce labour that 
afternoon. After discussing the analgesic options 
with the patient, an extradural technique was 
chosen. Physical examination showed a 65-kg preg- 
nant woman, height 157 cm, with AF: ventricular 
frequency 105-115 bpm, AP 100/65 mm Hg, with- 
out evidence of cardiac failure. Investigations 
revealed a haemoglobin concentration of 11.6 g dl~}, 
platelets 187 X 10° litre7!, prothrombin time 15 s, 
activated partial thromboplastin time 32 s, thrombin 
time 10 s, sodium 137 mmol litre™!, potassium 3.8 
mmol litre-!, urea 2.4 mmol litre~! and creatinine 
49 mol litre™!. Her last dose of LMWH had been 
given 20 h previously. Non-invasive AP, ECG and 
pulse oximetry were applied, and oxygen adminis- 
tered via nasal cannulae. She was extremely anxious 
about needles and so required EMLA for siting an 
i.v. cannula, then slow increments of midazolam i.v. 
to a total of 5 mg for insertion of the extradural 
catheter. Systolic AP decreased to 80 mm Hg but 
returned to 100 mm Hg with 250 ml of crystalloid. 
An extradural was sited at L2-3 in the left lateral 
position. Over the next 30 min she received four 
5-ml extradural boluses of 0.1% bupivacaine, 
achieving a decrease in cold sensation to T9, but no 
motor block or haemodynamic instability. 
Dinoprostone | mg was then administered vaginally 
to induce labour, and she was started on regular oral 
ranitidine. 

The following morning the cervix remained 
unfavourable. As induction of labour had proved 
unsuccessful the decision was made to proceed to 
Caesarean section. She had received no further 
extradural bupivacaine and no sensory block was 
detectable. Again anaesthetic options were discussed 
with the patient. She adamantly refused any invasive 
tests or monitoring while awake, and wished to be 
asleep during the operation. In view of her cardiac 
status, possible difficult airway and risk of acid aspi- 
ration, general anaesthesia with an awake oral fibre- 
optic intubation was suggested as the safest option. 
She agreed only after lengthy discussions with her 
husband. 

Antisialogue premedication of glycopyrronium 
200 ug was given slowly i.v. with ECG monitoring. 
Heart rate remained at 100-112 beat min™!. She was 
positioned semi-recumbent with a wedge under the 
right hip, received 30 ml of sodium citrate 0.3 mol 
litre“! orally, ampicillin 1 g and gentamicin 80 mg 
i.v., and was then sedated with increments of 
diazepam i.v. to a total dose of 10 mg. After two 10- 
mg sprays of lignocaine to the oropharynx, a flexible 
fibreoptic bronchoscope preloaded with a size 7 
armoured tracheal tube was introduced via an 
Ovassapian oral airway. Topical anaesthesia was 
achieved using a “spray-as-you-go” technique with 4 
mil of 4% lignocaine. This enabled the bronchoscope 
to be passed easily through the cords. The tracheal 
tube was “railroaded” into the trachea and its posi- 
tion confirmed by visual inspection of the carina. 
General anaesthesia was induced with fentanyl 700 
pg and etomidate 4 mg i.v. followed by vecuronium 
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6 mg i.v. and the lungs ventilated with 50% nitrous 
oxide in oxygen to an end-tidal carbon dioxide con- 
centration of 4.5-5%. When anaesthetized a left 
radial arterial catheter, right internal jugular central 
venous catheter and urinary catheter were sited. She 
remained haemodynamically stable allowing the 
slow introduction of 0.5% isoflurane. Direct laryn- 
goscopy with the tube im situ gave a good view of the 
vocal cords. After delivery of a dead male fetus, 
Syntocinon 10 u. was administered over 10 min. A 
retroplacental blood clot suggesting placental abrup- 
tion as the cause of death was noted. Heart rate was 
105-130 beat min™!, AP 105—-115/60 mm Hg, cen- 
tral venous pressure 22-26 mm Hg and oxygen 
saturation at least 99% throughout intubation and 
surgery. Blood loss was minimal and peroperative 
transfusion amounted to 1.25 litre of crystalloid. At 
the completion of surgery the patient was transferred 
to the intensive care unit for postoperative care. 
Tracheal extubation occurred the following morning 
after an uneventful night. She left hospital after an 
uncomplicated recovery of 7 days, and is planning a 
further pregnancy. 


Discussion 


In 1963 Dr Jacqueline Noonan, a paediatric 
cardiologist, described a series of nine cases with 
congenital heart disease associated with a phenotype 
similar to Turner’s syndrome, but with apparently 
normal chromosomes.? The main features included 
pulmonary stenosis, short stature, a webbed neck 
and typical facial abnormalities.* The characteristics 
distinguishing it from Turner’s syndrome include 
karyotype analysis, sex distribution, fertility, the site 
of the cardiac lesion, facial appearance and the 
presence of mental retardation.’ 

Turner’s syndrome occurs exclusively in females; 
Noonan’s, although more common in males, is 
found in both sexes. Males often have cryp- 
torchidism and are rarely fertile, whereas females 
have normal fertility but a delayed menarche.” The 
estimated incidence is 1 in 1000 to 1 in 2000 live 
births. The exact incidence is unknown.! It follows 
an autosomal dominant pattern with variable pene- 
trance and expression.? Maternal transmission of the 
gene is said to be three times more common than 
paternal transmission.® With an affected parent there 
is a 50% risk of subsequent children inheriting the 
still unknown gene.® 

Cardiac lesions are characteristically right-sided in 
Noonan’s syndrome, compared with left-sided in 
Turner’s syndrome.’ The most frequently reported 
abnormality in Noonan’s syndrome is pulmonary 
stenosis, usually with a dysplastic pulmonary valve. 
The annulus is normal in size but the cusps are thick- 
ened and immobile.! In one series, pulmonary steno- 
sis occurred in 62%;! there was an atrial septal defect 
in 13% and septal hypertrophy in 6%. Hypertrophic 
cardiomyopathy was present in 20%, Only 12.5% of 
patients had a normal echocardiograph.'! Other 
documented cardiac lesions include patent ductus 
arteriosus, aortic stenosis or coarctation, polyvalvular 
dysplasia, ventricular septal defects, systemic venous 
abnormalities and Fallot’s tetralogy.® 
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The facial abnormalities of Noonan’s syndrome 
include hypertelorism with downward slanting 
palpebral fissures, high arched eyebrows and thick- 
ened hooded eyelids, sometimes with a ptosis.! 
There may be low set ears with a thickened helix, 
and coarse curly hair with a low hair line at the back. 
The typical flattened mid face with depressed nasal 
root, wide nasal base, full upper lip, high arched 
palate, micrognathia and dental malocclusion com- 
bined with a webbed sometimes fused neck may 
present a challenge to the anaesthetist, making con- 
ventional oral or nasal intubation difficult, if not 
impossible.2?!° These facial abnormalities usually 
become less marked with age, and are not a feature 
of Turner’s syndrome.! 

Musculoskeletal abnormalities include short 
stature, webbed neck and cubitus valgus.® The chest 
deformity is typical and gives the appearance of 
widely spaced nipples.!° It may be associated with 
kyphoscoliosis and respiratory compromise.!° Other 
features include joint contractures, cervical spine 
fusion and lumbar lordosis.! Association of 
Noonan’s syndrome with malignant hyperpyrexia 
has not been substantiated.! 

Abnormal bleeding and bruising are often seen in 
Noonan’s syndrome (56-74%), associated with a 
mixed collection of defects in the platelet and coagu- 
lation systems.®!! !2 Isolated factor XI deficiency has 
been recognized as the commonest single factor defi- 
ciency, and may be treated with single factor replace- 
ment.® Most of the bleeding problems are mild, and 
may only be revealed by surgery such as dental 
extraction. Interestingly, cases of severe postopera- 
tive bleeding have been reported despite normal in 
vitro clotting assays and platelet counts.® 

Other associated features with anaesthetic impli- 
cations include renal dysfunction, dermatological, 
hearing and visual abnormalities, and 
hepatosplenomegaly.!?> 

Our patient was known to have impaired left 
ventricular function with multiple valvular involve- 
ment. Her cardiac status represented a significant 
risk not only for any anaesthetic intervention, but 
also for labour. Sympathetic stimulation of a painful 
labour exacerbated by episodic prolonged Valsalva 
manoeuvres, increases in blood volume with uterine 
contractions or reductions with bleeding could cause 
significant haemodynamic instability.!>!5 To avoid 
precipitating ventricular failure an analgesic tech- 
nique was required which would reduce sympathetic 
stimulation and minimize variations in heart rate, 
contractility and filling pressures. A cautious 
extradural technique using low concentrations of 
local anaesthetic was therefore chosen. Higher con- 
centrations of local anaesthetic are associated with 
greater disturbance in cardiovascular indices.!® 
Extradural opioids were not administered although 
we intended to use these drugs if she went into 
labour. 

Skeletal abnormalities in Noonan’s syndrome may 
lead to difficulties with regional anaesthetic tech- 
niques. Kyphoscoliosis and lumbar lordosis may 
make it difficult to position the patient for axial 
block. The bony vertebral spinal canal may be 
narrowed with a normal calibre spinal cord, thereby 


reducing the size of the extradural space. Location of 
the space may be more complicated with increased 
problems threading the catheter and less predictable 
spread of local anaesthetic.? Additional concerns in 
this patient focused on her potential coagulopathy 
with the possibility of an extradural haematoma. She 
had been treated with LMWH for embolic prophy- 
laxis although she had not had a dose for 20 h. As her 
coagulation screen was normal it was thought that 
the benefits of extradural analgesia outweighed the 
risk of producing an extradural haematoma. 
Continuous subarachnoid analgesia would have 
been an alternative method. Theoretically, this 
might carry less risk of bleeding but exposes the 
patient to an increased risk of post-dural puncture 
headache. 

Many of the typical facial features of Noonan’s 
syndrome suggest a difficult airway, and additionally 
our patient was pregnant with an increased risk of 
acid aspiration. Although she had an extradural 
catheter already in situ the block had worn off many 
hours previously, and it was felt that her cardiac 
status represented a contraindication to the dense 
block that would be required for surgery, especially 
given her refusal of invasive monitoring.!® For safe 
general anaesthesia tracheal intubation would be 
required. A fibreoptic technique was chosen using 
the oral route because of concerns about her abnor- 
mal nasal anatomy. Laryngoscopy after intubation 
was easy, providing a view of the whole glottis. This 
may influence subsequent anaesthetic management, 
although full assessment would be required at that 
time. A relatively high-dose opioid—nitrous oxide- 
oxygen technique was used initially as opioids have a 
relatively benign effect on myocardial contractility 
avoiding drug-induced myocardial depression. 

In summary, patients with Noonan’s syndrome 
present a multiplicity of challenges to the anaes- 
thetist, particularly with regard to cardiovascular and 
airway abnormalities. Their fertility and improving 
results from cardiac surgery in children imply an 
increasing number may present to anaesthetic 
departments requesting analgesia and anaesthesia in 
the peripartum period. To achieve a successful out- 
come for mother and baby, Noonan’s parturients 
must be detected early in pregnancy so that time is 
available to order appropriate investigations and 
formulate a suitable plan of action between 
obstetricians, midwives and anaesthetists. 
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Use of rocuronium in a pregnant patient with an open eye injury, 
receiving magnesium medication, for preterm labour 


R. R. GAISER AND E. H. SEEM 





Summary 


We present a case where rocuronium 80 mg (3 X 
EDgs) was used in a rapid sequence induction in a 
80-kg pregnant patient with an open eye injury. 
The patient was also receiving magnesium 2 g h“! 
i.v. for preterm labour. The expected duration for 
neuromuscular block of rocuronium in the absence 
of magnesium would be approximately 53 min; 
with infusion of magnesium, the duration of neuro- 
muscular block was prolonged four-fold (215 min). 
It is important to remember that magnesium 
potentiates the effects of all non-depolarizing 
neuromuscular blocking agents, including 
rocuronium. (Br. J. Anaesth. 1996; 77: 669-671) 


Key words 


Neuromuscular block, rocuronium. lons, magnesium. 
Complications, eye injury. 


Magnesium is used frequently in the USA both for 
pre-eclampsia as an anticonvulsant and for preterm 
labour. For the treatment of preterm labour, magne- 
sium inhibits myometrial activity, but the mecha- 
nism of its tocolytic effect is unknown!; presumably 
myometrial contractility is depressed by modulating 
calcium uptake, binding or distribution in smooth 
muscle cells.2 Serum concentrations of 4-8 mmol 
litre! are required. Maternal side effects include 
nausea, vomiting, ileus, visual blurring, diplopia, 
headaches and the potential for pulmonary oedema.? 
Magnesium also causes increased sensitivity to 
neuromuscular blocking agents.* We present the first 
report of magnesium prolonging the neuromuscular 
blocking effect of rocuronium. Rocuronium was 
chosen as this patient also had an open eye injury 
with the concern that suxamethonium increases 
intraocular pressure. 


Case report 


The patient was a 31-yr-old parturient with a 28- 
week gestation and an unremarkable prenatal course 
who presented for repair of a penetrating eye injury. 
The patient was involved in a motor vehicle accident 
in which she was an unrestrained passenger. She 
suffered temporary loss of consciousness, but pre- 
sented to the emergency room with a Glasgow coma 
scale of 15. Her injuries included laceration to the 


left forehead, corneal scleral laceration and pro- 
lapsed vitreal tissue of the left eye, and a left styloid 
fracture. Initial vital signs on presentation were: 
arterial pressure 140/88 mm Hg, heart rate 95 beat 
min7!, temperature 36.5 °C and ventilatory fre- 
quency 18 bpm. Her height was 162 cm, weight 80 
kg. She was placed in a cervical collar. 

A CT scan of the head and neck revealed a 
ruptured left globe with medial wall fracture. The 
view of the cervical spine was unable to exclude 
injury. Other laboratory values included haemo- 
globin concentration 12.3 g dl~!, packed cell volume 
36.1%, blood urea nitrogen concentration 7 mg 
dl-!, creatinine concentration 0.6 mg dl~}, pro- 
thrombin time 12.2 s, activated partial thrombo- 
plastin ime 28.3 s and fibrinogen concentration 358 
mg dl~!. Tocodynometry and continuous Doppler 
fetal heart tones were commenced to monitor 
uterine contractile activity and fetal heart rate, 
respectively. Fetal heart rate was 130-140 beat 
min`! with good long- and short-term variability. 
Uterine contractions were occurring every 3 min, for 
which she received a loading dose of magnesium 4 g, 
and a continuous infusion of 2 gh! was started. 

She was transferred to our hospital for operative 
management. Additional laboratory studies before 
induction of anaesthesia included a magnesium con- 
centration of 5.8 mmol litre™! (therapeutic range 
4-8 mmol litre7!). In the operating room, a 16- 
gauge i.v. catheter was inserted into her right fore- 
arm. ECG, end-tidal carbon dioxide, pulse 
oximetry, fetal heart rate and uterine contraction 
monitoring with a tocodynometer, and neuro- 
muscular block monitoring using a Neurotechnology 
peripheral nerve stimulator were commenced. 

The patient was premedicated with sodium 
bicitrate 30 ml orally and metoclopramide 10 mgi.v. 
After placement in left uterine displacement and 5 
min of preoxygenation with 100% oxygen, anaesthe- 
sia was induced with fentanyl 200 ug, thiopentone 
400 mg and rocuronium 80 mg (0.9 mg kg™!, 3 X 
ED,;). At 60 s, her train of four had disappeared and 
her trachea was intubated under direct laryngoscopy 
with a 7.0 tracheal tube. The patient did not cough 
during intubation and arterial pressure did not 
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increase. Her oxygen saturation decreased to 90% 
but returned to 100% after intubation. Anaesthesia 
was maintained with isoflurane in oxygen and 
fentanyl. 

Five minutes after induction, there was a decrease 
in short-term variability on the fetal heart rate 
monitor, with a heart rate of 140-150 beat min™!. 
We could not detect post-tetanic facilitation until 
110 min after induction and the first twitch in the 
train of four was detected 215 min after administra- 
tion of rocuronium. When surgery was completed 6 
h after induction, the patient had received a total of 
rocuronium 80 mg, fentanyl 450 ug and normal 
saline 1300 ml. The patient was transferred to the 
labour suite and was weaned from the magnesium 
infusion over the next 24-h period. The patient was 
discharged 6 days later with some return of vision in 
the left eye and no apparent adverse effects on the 
fetus. 


Discussion 


This case highlights an anaesthetic challenge of 
securing the airway in a pregnant patient with an 
open eye injury. In a pregnant trauma patient with a 
28-week gestation, aspiration is a high risk. Pain 
from injury delays gastric emptying. The enlarging 
uterus during pregnancy displaces the stomach, 
altering the competence of the gastro-oesophageal 
sphincter.” Hormonal changes delay gastric empty- 
ing,® while gastrin excreted by the placenta increases 
the acidity of the maternal stomach contents.” The 
usual means of securing the airway in such a patient 
would be an awake intubation or rapid sequence 
induction using an induction agent, suxamethonium 
and cricoid pressure. However, our patient also had 
an open eye injury. Securing the airway by awake 
intubation is associated with an increase in intra- 
ocular pressure via venous congestion of the orbital 
veins associated with straining or coughing.® 
Suxamethonium also has been shown to increase 
intraocular pressure? with one case report of extru- 
sion of vitreous from this increase.!° Although pre- 
treatment with a non-depolarizing neuromuscular 
blocker such as 3 mg of curare or vecuronium 1 mg 
has been advocated, this does not reliably prevent 
the increase.!! The risk of extrusion of intraocular 
contents in a patient with an open eye injury given 
suxamethonium is rare; however, we chose to per- 
form a rapid sequence induction using rocuronium 
as the neuromuscular blocking agent. 

Rocuronium is a new steroidal neuromuscular 
blocking drug related chemically to vecuronium. 
However, unlike vecuronium, it is less potent with a 
shorter time to onset.!? Given this shorter onset 
period, its use for rapid sequence induction has been 
investigated. Huizinga and colleagues demonstrated 
comparable intubating conditions with suxametho- 
nium 1.5 mg kg™!, at 60 and 90 s after administra- 
tion of rocuronium 0.6 mg kg! (2 X EDgs).!3 Tryba 
and colleagues found that similar intubating condi- 
tions could be obtained with rocuronium 0.6 mg 
kg~! or suxamethonium 1.5 mg kg7!, provided the 
dose was administered immediately before adminis- 
tration of thiopentone; the conditions were less 


British Journal of Anaesthesia 


optimal if administered immediately after thiopen- 
tone.'* Finally, Abouleish and colleagues investi- 
gated its use during Caesarean delivery. With a dose 
of 0.6 mg kg™!, intubating conditions were poor with 
a thiopentone dose of 4 mg kg™!; however, increas- 
ing the dose of thiopentone to 6 mg kg”! improved 
intubating conditions.!> If rapid securing of the 
airway in a patient with a contraindication to 
suxamethonium is necessary, rocuronium seems to 
be a good choice for neuromuscular block. 

Rocuronium has been shown not to increase 
intraocular pressure.!® Abouleish demonstrated no 
adverse effects on the neonate and pregnancy did not 
enhance its neuromuscular blocking properties. 
Given the gestational age of the fetus (second 
trimester), teratogenicity was not a concern. The 
dose chosen for our patient (0.9 mg kg~') was higher 
than the doses used in the above studies. By increas- 
ing the dose from 0.6 to 0.9 mg kg™! (2 X EDgs to 3 
Xx EDgs), the onset time decreased from 271 + 129s 
to 135 + 79 s with excellent intubating conditions at 
60 s. The duration to recovery of 25% of twitch 
increased from 27.3 + 8.2 min to 53.0 + 15.2 min.!” 
We felt that rapid securing of the airway was impor- 
tant in this patient, as became evident from the 
decrease in oxygen saturation pulse oximetry read- 
ing, and we were willing to tolerate the prolonged 
duration. Although administration of a priming dose 
has been shown to reduce onset time,!8 we were con- 
cerned as the patient was receiving magnesium 
which increases sensitivity to non-depolarizing 
neuromuscular blocking agents.!9 A priming dose 
may have been sufficient to result in profound 
weakness in an awake patient. 

Our patient was receiving concurrent magnesium 
therapy for preterm labour. Although the mecha- 
nism is unclear, magnesium has become the tradi- 
tional agent used for the treatment of preterm 
labour. Side effects of magnesium include pul- 
monary oedema, sedation and potentiation of 
neuromuscular block. Therapeutic plasma concen- 
trations are 4-8 mmol litre~!, Our patient’s magne- 
sium concentration at the time of induction was 5.8 
mmol litre~!, The mechanism of its blocking effects 
at the neuromuscular junction is suppression of 
acetylcholine release at the neuromuscular junction 
or decrease in the depolarizing action of acetyl- 
choline at the motor end-plate.2° The time to 
achieve post-tetanic facilitation in this patient was 
110 min and the time to achieve one twitch of a 
train of four was 215 min. Assuming that at 25% 
recovery of a twitch is when the first twitch of a train 
of four is perceptible, the duration was more than 
six times greater, supporting the contention that 
magnesium also prolongs the duration of action of 
rocuronium. Although isoflurane has also been 
shown to prolong the duration of rocuronium,”! this 
effect cannot account for the dramatic increase in 
this our patient. 

We were surprised by the obstetrician’s concern 
for the loss of short-term variability on the fetal trac- 
ing after induction. This phenomenon has been 
described previously”? and is attributed to the baby 
becoming anaesthetized. We do not feel that this can 
be attributed to rocuronium. i 


Rocuromum use during pregnancy 
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Isoflurane for sedation in a case of congenital myasthenia gravis 


C. McBETH AND T. G. L. WATKINS 





Summary 

We describe the use of isoflurane for the manage- 
ment of a 3-yr-old boy with congenital myasthenia 
gravis who required ventilation for pneumonia. 
While in the intensive care unit he was sedated 
with isoflurane for 5 days (81 MAC-h). This pro- 
vided a safe, easily controllable method of 
sedation which avoided the use of neuromuscular 
blocking agents and appeared to have no signifi- 
cant side effects during use. However, after it was 
stopped the patient developed a fine, self-limiting 
tremor which lasted for 2 days. Previous reports of 
paediatric patients sedated with isoflurane suggest 
that prolonged exposure may result in temporary 
dose-dependent neurological dysfunction, includ- 
ing hallucinations, ataxia and non-purposeful 
movements. (Br. J. Anaesth. 1996; 77: 672-674) 


Key words 
Anaesthetics volatile, isoflurane. Complications, myasthenia 
gravis. 


Myasthenia gravis is an acquired autoimmune dis- 
order which is caused by a decrease in functioning 
postsynaptic acetylcholine receptors at the neuro- 
muscular junction caused by their destruction or 
inactivation by circulating antibodies.!? The disease 
is characterized by muscle fatigue and weakness 
which is exacerbated by repeated use and which 
recovers partially with rest. It particularly affects 
ocular, pharyngeal and laryngeal muscles (bulbar 
muscles) but may also involve proximal and distal 
limb muscles and respiratory muscles.’ 4 

Congenital myasthenia is an extremely rare form 
of the disease which presents during the first few 
years of life and is usually of autosomal recessive 
inheritance.’ Anti-acetylcholine receptor antibodies 
are absent, and defective neuromuscular transmis- 
sion may be a result of a variety of different causes, 
including acetylcholinesterase deficiency, defective 
resynthesis or vesicular packaging of acetylcholine, 
or lack of acetylcholine receptors.>~’ Myasthenic 
patients are exquisitely sensitive to non-depolarizing 
neuromuscular blocking agents?39!° and use of 
these agents should generally be avoided.?!! 

Isoflurane has been used successfully to sedate 
paediatric patients in the intensive care unit. The low 
blood-gas solubility (blood-gas partition coefficient 
1.4) allows rapid change in the level of sedation and 


rapid awakening when sedation has been stopped. It 
does not appear to have significant adverse effects on 
cardiovascular, renal or hepatic function!*; however 
there have been some reports of temporary neuro- 
logical dysfunction after prolonged sedation with 
isoflurane. Three cases of peripheral neuropathy 
which resolved spontaneously have been described 
in adults.13 14 In one this was accompanied by flaccid 
paralysis of all four limbs which lasted for 3 months. 
In children, agitation, hallucinations and non- 
purposeful movements which resolved over 72 h 
have been seen after sedation with isoflurane.!5 16 We 
describe the use of isoflurane for sedation in a case of 
congenital myasthenia gravis. 


Case report 


A boy aged 2 yr 6 months, weighing 19.3 kg, first 
presented in January 1995 with a short history of 
choking on solids, dysarthria and partial ptosis of his 
right eyelid. His mother noted that he had suffered 
frequent falls. On examination, he had obvious 
ptosis which was partially compensated for by a head 
tilt. There was rapid resolution of the ptosis and 
dysarthria after administration of edrophonium 100 
ug kg-l iv. Serology was negative for anti-acetyl- 
choline receptor antibodies. A diagnosis of con- 
genital myasthenia gravis was made and oral 
pyridostigmine commenced at a dose of 1 mg kg™!, 
five times per day. 

He remained well until November 1995 when he 
developed a cough, pyrexia and vomiting, and as a 
result became increasingly weak because of failure to 
absorb oral pyridostigmine. He had a poor cough 
and was unable to clear secretions adequately. On 
examination, ventilatory frequency was 60 bpm, 
heart rate 140 beat min~! and oxygen saturation 
88% breathing air. On auscultation of the chest there 
were widespread coarse crepitations, particularly on 
the left side. His chest x-ray showed evidence of left- 
sided pneumonia with almost complete opacification 
of the left hemithorax, loss of volume and shift of the 
mediastinum to the left. He was commenced on 
antibiotic therapy, oxygen via a high-flow fixed- 
performance face mask and physiotherapy, but over 
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the course of the next few hours became increasingly 
tired and unable to maintain satisfactory oxygen 
saturation breathing 60% oxygen. He was admitted 
to the intensive care unit for ventilation. His trachea 
was intubated with a 5-mm nasal tracheal tube after 
inhalation induction with increasing concentrations 
of isoflurane in 100% oxygen. His lungs were venti- 
lated with 1.5% isoflurane in a mixture of oxygen 
and air via a circle system using a Roche 3100S 
ventilator. Total fresh gas flow was 2 litre min™!. 
End-tidal isoflurane concentration was not 
measured. The inspired isoflurane concentration 
(range 1-2.5%) was adjusted to maintain a sedation 
score of 4-5 on a six-point scale modified from 
Ramsay and colleagues,!’ and was increased inter- 
mittently to enable physiotherapy, suctioning and 
other procedures to be tolerated. 

Pneumonia was treated with cefotaxime 150 mg 
kg™! day! i.v., erythromycin 100 mg kg“! day~! i.v. 
and regular physiotherapy. Erythromycin was 
stopped the following day because of concern about 
potential interference with neuromuscular trans- 
mission in myasthenic patients.!® Nasogastric 
pyridostigmine 1 mg kg~!, 5 times per day, was 
continued throughout the illness. 

By day 5 in the intensive care unit his pneumonia 
had resolved and his clinical condition had stabi- 
lized. A total of 81 MAC-h of isoflurane!’ had been 
administered. At this stage, isoflurane was stopped 
and within 15 min the patient was awake and able to 
respond to commands. He opened his eyes fully, 
squeezed fingers to command with a strong grip and 
was able to lift his head off the pillow for a sustained 
length of time. After breathing 35% oxygen sponta- 
neously via the tracheal tube for 40 min, his arterial 
blood-gas tensions were satisfactory (pH 7.55, Pco, 
4.3 kPa, Po, 22 kPa, base excess + 6.5 mmol litre!" 
saturation 99%) and his trachea was extubated 
uneventfully. 

He remained in the intensive care unit breathing 
28% oxygen via a face mask for another 46 h during 
which time he was noted to have a fine tremor. This 
affected all limbs, was not worsened by intentional 
movement and disappeared on sleeping. His axillary 
temperature was 36.5 °C and his metabolic and 
electrolyte status were normal. The tremor did not 
require treatment and had disappeared by the time 
the patient returned to the paediatric ward 2 days 
later. He was discharged home after 1 week. 


Discussion 


Congenital myasthenia consists of several extremely 
rare genetically determined defects, manifest as vari- 
able muscle weakness from birth.?*7 It rarely pre- 
sents in the neonatal period but more commonly 
during the first 1-2 yr of life. Antibodies to the 
acetylcholine receptor cannot be demonstrated and a 
variety of pre- and postsynaptic defects have been 
described.>’ The course of the disease tends to be 
non-fluctuating and compatible with long survival. 
As the disease is not autoimmune in nature, steroids 
and immunosuppressants are ineffective and treat- 
ment consists primarily of anticholinesterases. 
Congenital myasthenia is not to be confused with 
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neonatal myasthenia which is seen in infants of 
myasthenic mothers and presents at birth. It is 
thought to be caused by the passage of anti- 
acetylcholine receptor antibodies across the 
placenta.” 

In our case there was no family history of myas- 
thenia gravis or consanguinity, and the patient’s 
sister, who was 1 yr older, showed no sign of disease. 
In addition, he was antibody-negative but responded 
to edrophonium, indicating a diagnosis of congenital 
myasthenia, although the actual structural or 
electrophysiological abnormality has not yet been 
defined. 

Management of patients with myasthenia gravis 
who require an anaesthetic or ventilation is problem- 
atic; not only does the disease itself lead to a decrease 
in functioning acetylcholine receptors so the 
response to both depolarizing and non-depolarizing 
neuromuscular blocking agents is abnormal,§-!0202! 
but drugs used to treat the disease also affect the 
response, and therefore interpretation is difficult. 
Anticholinesterases inhibit plasma cholinesterase???? 
and hence hydrolysis of suxamethonium.?*?° In 
contrast, inhibition of acetylcholinesterase by anti- 
cholinesterases may in theory increase the need for 
non-depolarizing neuromuscular blocking agents 
although in practice this has not been documented.?4 
As a result, different anaesthetic techniques are 
described which either aim to reduce the dose of 
neuromuscular blocking agents or avoid their use.!! 27 
In addition, the disease primarily affects bulbar mus- 
cles and those of respiration and therefore the 
patient’s ability to swallow, cough, maintain their 
own airway and breathe adequately is already com- 
promised and assessment of whether or not a 
patient’s trachea is ready to be extubated may be dif- 
ficult. Clinical assessment of the patient’s ability to 
sustain a head lift off the pillow, generate a negative 
inspiratory pressure of more than 25 cm H,O and 
spontaneously maintain a tidal volume of more than 
5 ml kg~! is useful, combined with arterial blood-gas 
analysis to ensure that oxygenation is adequate and 
Pco, does not exceed 6.6 kPa.!! 

In an attempt to avoid using opioids, neuro- 
muscular blockers or cumulative doses of sedatives, 
we sedated this patient with isoflurane. Myasthenic 
patients experience some depression of neuro- 
muscular function with isoflurane, but this does not 
appear to be clinically significant at concentrations 
of 1.5% or lower and recovery is rapid.?78 
Isoflurane has been used for sedation in both adult 
and paediatric intensive care units.!3293° The low 
blood-gas solubility and low lipid solubility allow the 
level of sedation to be titrated easily without drug 
accumulation so that patients wake up quickly when 
isoflurane is stopped.?° There do not appear to be 
significant cardiovascular or hepatic side effects,!? 15 
but concern has been voiced over the potential for 
nephrotoxicity. Although there have been reports of 
serum fluoride concentrations exceeding 50 pmol 
litre”! in patients requiring prolonged sedation with 
isoflurane, none has suggested isoflurane-induced 
renal dysfunction.3!34 Several reports have men- 
tioned the occurrence of neurological dysfunction 
after sedation with isoflurane. In adults, three cases 
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of peripheral neuropathy have been described.1314 
Two patients sedated with isoflurane for 151 and 
254 h developed peripheral neuropathies which 
lasted 4-12 months.!3 A third patient was sedated 
with 1.5% isoflurane for 9 days and developed a dis- 
tal sensory neuropathy on day 15 associated with 
decreased joint position and vibration sense which 
had disappeared 2 days later. At the same time, this 
patient developed flaccid paralysis of all four limbs, 
with absent reflexes. Management was supportive 
and recovery almost complete by 3 months.'4 

There have also been reports of neurological dys- 
function in children. In one report, five of 10 child- 
ren sedated with at least 70 MAC-h of isoflurane 
developed agitation and non-purposeful move- 
ments.!5 In another, 12 of 29 children developed 
ataxia, agitation, hallucinations and confusion after 
0.25-1.5% isoflurane for 24~76 h. These symptoms 
had disappeared spontaneously by 72 h.!6 The 
observations in both.of these reports are complicated 
by the fact that all children had also received opioids 
and benzodiazepines while in the intensive care unit, 
and therefore it is difficult to be certain that isoflu- 
rane was responsible for the symptoms. The mecha- 
nism by which the neurological abnormalities are 
caused has not yet been satisfactorily explained. !4 1633 
Our patient did not receive any other sedatives or 
hypnotics, however his underlying disease process 
may have been wholly or partly responsible for the 
tremor. 
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Orthotopic liver transplantation in two patients with hypertrophic 


obstructive cardiomyopathy 


I. D. HARLEY, E. F. JONES, G. Liu, P. R. MCCALL AND P. L. MCNICOL 


Summary 


Orthotopic liver transplantation (OLT) in patients 
with end-stage liver disease is a procedure associ- 
ated with high cardiac output, low systemic vascu- 
lar resistance (SVR), coagulopathy and the 
potential for significant blood loss. A feature of 
hypertrophic obstructive cardiomyopathy (HOCM) 
is left ventricular outflow tract obstruction which 
may be exacerbated by reduced SVR, reduced fill- 
ing pressures, tachycardia and positive inotropy. 
We report two cases of OLT in patients with HOCM. 
Our anaesthetic technique involved the use of 
halothane and vecuronium and avoidance of drugs 
causing tachycardia and positive inotropy. 
Management was aided by intraoperative trans- 
oesophageal echocardiography which showed 
that filling pressures poorly reflected end-diastolic 
volumes. Volume administration, vasoconstrictors 
and avoidance of inotropes and chronotropes 
reduced the outflow tract obstruction which was 
particularly severe in the reperfusion period. (Br. J. 
Anaesth. 1996; 77: 675-677) 
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transplantation. Complications, hypertrophic obstructive 
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Case reports 


CASE NO. 1 


The patient was a 46-yr-old male with end-stage 
alcoholic liver disease. He had portal hypertension 
with severe ascites, oesophageal varices and 
impaired renal function. Clotting function tests 
showed mild coagulopathy (international normal- 
ized ratio (INR) 1.5). Preoperative transoesophageal 
echocardiography (TOE) was performed to evaluate 
a murmur heard on physical examination. It showed 
asymmetrical septal hypertrophy, systolic anterior 
motion (SAM) of the mitral valve with normal mitral 
morphology, mild mitral regurgitation (MR) and left 
ventricular outflow tract (LVOT) obstruction, and a 
resting gradient 36 mm Hg (fig. 1) and thus a diag- 
nosis of hypertrophic obstructive cardiomyopathy 
(HOCM) was made. After nitrate provocation there 


was increased SAM, severe MR and an LVOT 
gradient of 64 mm Hg. 

Anaesthesia was induced with fentanyl 6 pg kg! 
and thiopentone 100 mg and maintained with 
fentanyl 3 wg kg! h7! and halothane in air and 
oxygen. Neuromuscular block was produced: with 
vecuronium. Monitoring included an oximetric pul- 
monary artery catheter and TOE. During liver resec- 
tion a baseline TOE was performed and fluid 
challenges were given to assess changes in left ven- 
tricular (LV) dimensions. Full cardiopulmonary 
bypass with heparin-bonded tubing was on standby. 

Haemodynamic variables at various times are 
shown in table 1. 

During the anhepatic stage the patient developed a 
low systemic vascular resistance index (SVRD and 
increased cardiac index (CD . Fibrinolysis was demon- 
strated by a decrease in euglobulin clot lysis time and 
fibrinogen concentration, and 7 litre of blood were lost 
over 120 min. An infusion of phenylephrine was com- 
menced and fluid was replaced according to LV 
dimensions on TOE rather than pulmonary capillary 
wedge pressure (PCWP). Veno-venous bypass 
(femoro-portal to axillary vein) was used electively 
during the anastomosis of the new liver. 

On reperfusion the patient developed severe 
reperfusion syndrome. He also developed a severe 
coagulopathy and another 15 litre of blood was lost 
in the first hour after reperfusion. Total intraopera- 
tive blood loss was 42 litre. Vasodilatation and blood 
loss were associated with an increase in the severity 
of the LVOT obstruction measured on TOE. TOE 
also showed a relatively empty LV with dynamic sys- 
tolic function (in spite of a PCWP of 30 mm Hg), 
increased SAM, severe LVOT obstruction (maxi- 
mum measured gradient 120 mm Hg) and severe 
MR. This was treated with aggressive volume 
replacement and infusion of phenylephrine. 
Inotropes were avoided. 

In the 3 h after reperfusion the degree of outflow 
obstruction reduced gradually as SVRI increased. 
His postoperative course was relatively uneventful 
and he was well 18 months after transplant. 
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Table 1 Haemodynamic variables at five times during operation. HI-5 = 5 min before reperfusion during the 
anhepatic phase, HI+5 = 5 min after reperfusion, 11+60 = 60 min after reperfusion, and I1+180 = 180 min after 





reperfusion 
Heart rate MAP CI SYRI PCWP 
Stage (beat min!) (mm Hg) (itre min`? m~?) (dyn s m`? cm73) (mm Hg) 
Patient 1 
Baseline 98 74 4.4 1239 10 
TH-5 86 57 5.3 840 12 
W5 86 49 6.8 460 20 
T+60 106 56 6.8 538 30 
+180 116 61 51 736 15 
Patient 2 
Baseline 95 68 8.4 560 16 
Il-5 114 76 9,7 530 13 
+5 115 69 12.0 346 23 
T+60 107 70 10.6 474 24 
T1+180 114 76 9.5 541 16 








Figure 1 Patient No. 1. Transoesophageal four-chamber view 
showing septal hypertrophy and systolic anterior motion of the 
mitral valve. LA = Left atrium, LV = left ventricle, RA = right 
atrium, RV = right ventricle, SAM = systolic anterior motion of 
the mitral valve. 


CASE NO. 2 


The patient was a 32-yr-old female with a 16-yr 
history of autoimmune chronic active hepatitis. She 
was jaundiced, markedly cushingoid and had severe 
hepato~pulmonary syndrome with cyanosis and 
clubbing. She was an insulin-dependent diabetic 
secondary to steroid administration. Her renal func- 
tion was normal and preoperative clotting tests 
showed mild coagulopathy (INR 2.0). She had a 
murmur but no symptoms of HOCM. Preoperative 
transthoracic echocardiography and TOE demon- 
strated severe concentric left ventricular hypertro- 
phy, normal mitral morphology and mild SAM 
associated with moderate MR and an LVOT 
gradient of 60 mm Hg without provocation. 
Anaesthesia was induced with thiopentone 250 
mg and fentanyl 8 pg kg”! and maintained with fen- 
tanyl 3 wg kg~! h“! and halothane in air and oxygen. 
Neuromuscular block was produced with vecuro- 
nium. Monitoring included TOE and an oximetric 
pulmonary artery catheter. After induction of anaes- 
thesia, derived cardiac indices showed a hyperdy- 
namic circulation (see table 1). However, TOE 
showed only mild to moderate SAM and MR and 
the LVOT gradient was only 12 mm Hg. Cardiac 





Figure 2 Patient No. 2. Transoesophageal modified four- 
chamber view showing small left ventricular cavity, severe 
systolic anterior motion of the mitral valve and almost complete 
obliteration of the left ventricular outflow tract (peak gradient 
120 mm Hg). This was accompanied by severe mitral 
regurgitation on colour flow Doppler (not shown). AV = Aortic 
valve. Other abbreviations as in figure 1. 


output was maintained during a 5-min trial of 
inferior vena cava (VC) occlusion and therefore a 
decision was made to perform the proximal anasto- 
mosis without bypass. The IVC was cross-clamped 
for 13 min in total. Later in the anhepatic stage, 
TOE showed mild SAM, mild MR but an increas- 
ingly hyperdynamic left ventricle with worsening 
LVOT obstruction. SVRI decreased from 900 to 
530 dyn s m? cm~°. An infusion of phenylephrine 
was therefore started and extra fluids were given in 
addition to replacement of minimal blood loss. 

With reperfusion SVRI decreased to 346 dyn s m? 
cm™~°, Transoesophageal echgcardiography showed 
development of marked SAM with severe MR and 
LV cavity obliteration during systole (fig. 2) The 
maximal LVOT gradient measured was 64 mm Hg. 
Multiple boluses and increasing rates of infusion of 
phenylephrine were administered. Washed donor 
red cells (600 ml) and Haemaccel 1 litre were 
infused in the first 30 min after reperfusion, despite 
minimal blood loss, in an attempt to increase ven- 
tricular volumes and reduce LV systolic obliteration 
as seen on TOE. PCWP increased to 24 mm Hg and 
CI increased to 10.61 min“! m=? but LV oblitera- 
tion and outflow tract obstruction changed little. 


Laver transplantation and HOCM 


Slowly over 2 h LVOT obstruction and MR and 
SAM resolved to levels similar to those in the pre- 
anhepatic stage. One hour after reperfusion an infu- 
sion of prostaglandin E, (PGE,) 10 pg h7! was 
started, slowly increasing to 30 ug h`! as the 
patient’s vasodilatation allowed. 

The patient’s postoperative course was compli- 
cated only by minor sepsis and transient pancyto- 
penia. She was well 1 yr after transplant and her 
hepato—pulmonary syndrome is resolving. 


Discussion 


Hypertrophic cardiomyopathy (HCM) is inappro- 
priate myocardial hypertrophy often involving the 
septum of a non-dilated left ventricle. HOCM is a 
subset of HCM in which the hypertrophy causes 
LVOT obstruction. It is an autosomal dominant 
condition with variable penetrance.! 

The features of HOCM are a hypercontractile left 
ventricle, diastolic dysfunction, a high ejection frac- 
tion and systolic anterior motion of the mitral valve 
with or without mitral regurgitation. The obstruc- 
tion is dynamic in that it changes depending on pre- 
load, afterload, sympathetic activity and posture. 

The symptoms of HOCM range from none to dys- 
pnoea, syncope, palpitations, chest pain and sudden 
death. Signs include a jerky pulse, fourth heart 
sound and an early to mid-systolic murmur increas- 
ing with a Valsalva manoeuvre. Diagnosis is usually 
confirmed by echocardiography. 

The problems of providing anaesthesia to a patient 
with HOCM are exacerbated in liver transplanta- 
tion. Patients with liver disease tend to have a low 
systemic vascular resistance and liver transplantation 
is associated with further vasodilatation, the poten- 
tial for significant blood loss and occasionally the 
need for inotropes around the time of reperfusion. 
All of these factors exacerbate the haemodynamic 
disturbances of HOCM, which benefits from high 
afterload and preload, a relatively low heart rate and 
negative inotropy. Diastolic function is markedly 
impaired in HOCM and delayed isovolumetric 
relaxation reduces early diastolic filling.23 There is 
an increased reliance on atrial contraction, diastolic 
filling pressures and adequate duration of diastolic 
filling.4 . 

We chose an anaesthetic technique that avoided 
drugs such as isoflurane and pancuronium which 
cause vasodilatation and tachycardia and instead 
used halothane and vecuronium. We used phenyl- 
ephrine for vasoconstriction as it has no inotropic or 
chronotropic effect. Our unit routinely administers 
PGE, to all liver transplant patients in the post- 
reperfusion period to increase hepatic blood flow 
and for its presumed cytoprotective effect. In case 
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No. 1 we were unable to begin PGE, infusion, a 
potent vasodilator, until the patient had returned to 
the ICU, because of his extreme peripheral vasodi- 
latation. In case No. 2 the patient tolerated only a 
very slow increase in the infusion rate to 30 wg h™! in 
theatre. 

Transoesophageal echocardiography played a very 
important role in the intraoperative management of 
both patients. The measured haemodynamics of 
high PCWP and low mean arterial pressure, 
especially in the post-reperfusion period, may have 
prompted the use of inotropic agents with their 
potentially deleterious effects. However, TOE 
demonstrated low ventricular volumes despite a high 
PCWP and management was therefore with addi- 
tional fluids and a direct acting vasopressor 
(phenylephrine). It has been shown during OLT that 
TOE has a better correlation with ventricular 
volumes than does PCWP.** In this case we 
found TOE to be the most useful guide to fluid 
management, especially in the post-reperfusion 
period. 
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Permissive hypercapnia and gas exchange in lungs with high Os/ Ot: a 


mathematical model 


C. J. JOYCE AND K. G. HICKLING 





Summary 


Low volume ventilation with permissive hypercap- 
nia is becoming widely used in the treatment of 
acute respiratory distress syndrome. A mathe- 
matical model was developed to examine the 
effects of hypoventilation on pulmonary gas 
exchange in lungs with a range of shunt fractions. 
Hypoventilation did not worsen gas exchange, 
provided the inspired oxygen concentration was 
high enough to maintain PAo, at an adequate level. 
In lungs with a high shunt fraction, some improve- 
ment in gas exchange may result, but these effects 
are small. A rightwards shift of the oxygen- 
haemoglobin dissociation curve induced by 
hypercapnia, is likely to be beneficial rather than 
detrimental in patients with acute respiratory dis- 
tress syndrome. This analysis was limited to the 
direct effects of hypoventilation in lungs with con- 
stant shunt fractions, and did not encompass a 
number of possible secondary effects such as 
changes in cardiac output with Paco,, changes in 
shunt fraction associated with a reduction in mean 
airway pressure and possible direct effects of 
hypercapnia on the pulmonary vasculature or 
airways. (Br. J. Anaesth. 1996; 77: 678-683) 


Key words 

Carbon dioxide, hypercapnia. Carbon dioxide, ventilatory 
response. Lung, shunting. Ventilation, hypoventilation. 
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Animal models have suggested that orthodox 
mechanical ventilation during acute respiratory dis- 
tress syndrome (ARDS), with high peak inspiratory 
pressures, may result in additional lung injury and 
possibly remote organ dysfunction. Low volume 
ventilation with permissive hypercapnia may avoid 
this ventilator-induced lung injury.! However, it has 
been suggested that the rightward shift of the 
oxygen—haemoglobin dissociation curve caused by 
hypercapnia may be detrimental in ARDS, as arter- 
ial oxygen content may be reduced more than 
venous oxygen unloading is facilitated.? A theoretical 
mathematical model was developed to investigate 
the effects of hypercapnia on pulmonary gas 
exchange in lungs with high levels of intrapulmonary 
shunt. 


Methods 


GENERAL DESCRIPTION 


The aim of the model was to describe the effect of 
hypoventilation on steady state pulmonary gas 
exchange in lungs with varying degrees of intrapul- 
monary shunt. The lung was modelled as consisting 
of two compartments (see fig. 1). One compartment 
was perfused by mixed venous blood and not venti- 
lated; the other compartment was both perfused and 
ventilated. It was assumed that the partial pressures 
of oxygen and carbon dioxide in blood leaving the 
ventilated lung unit had equilibrated with the lung 
unit, and that metabolic oxygen consumption and 
carbon dioxide production by the lung tissue were 
negligible. The peripheral tissues were modelled as a 
single compartment, with oxygen consumption and 
carbon dioxide production determined by the 
model. Tissue metabolism was modelled in two dif- 
ferent ways. In the “constant metabolism” version of 
the model, Vo, was set at 250 ml (STPD)/min and 
Vco, was set at 200 ml (STPD)/min. These values 
were maintained constant. In the “constant Po,” 
version, PŸo, was maintained constant as might 
occur when tissue utilization of oxygen is limited by 
oxygen delivery, and the respiratory quotient was 
maintained constant at 0.8. 

Pulmonary gas exchange was examined by calcu- 
lating alveolar, arterial and mixed venous partial 
pressures and contents of oxygen and carbon dioxide 
for a range of input variables. The input variables 
Fio» Paco,» Pso Ò and Os/Qt (and P¥o, in the con- 
stant P¥>, model) were specified and held constant 
during each set of calculations. In the model, Psp is 
defined as the partial pressure of oxygen necessary to 
50% saturate haemoglobin at pH 7.4, Pco, 5.33 kPa 
and 37 °C. 
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Figure 1 A model of the effect of hypercapnia on gas exchange. 


MATHEMATICAL ANALYSIS 


When the input variables were specified, there was 
a unique set of alveolar, arterial and mixed venous 
partial pressures and contents of oxygen and 
carbon dioxide that satisfied the constraints of a 
particular version of the model. Thus Pao, = f 
(Fiop Paco» Pso , Os/Ot). To simplify calcula- 
tions in the program, this was re-expressed as Fio, 
= g (Pao, Paco,» Pso Os Os/Ot). As the other vari- 
ables in this function are specified and held con- 
stant, this function can be solved for Pao, using the 
false position method.? This method uses a trial 
value of Pao, and calculates the corresponding 
value of Fio„ then uses this information to generate 
a better estimate of the Pao, corresponding to the 
desired value of Fig, with iteration until the 
desired precision is obtained (desired value of Fio, 
+ 0.00002 in this study). When the solution for 
Pao, is obtained, other values of interest (Cao 
Caco,» CYop CVco» P¥o, and P¥co, are readily cal- 
culated. Details of the model equations are in 
appendix 1. 

Both the constant metabolism model and the 
constant P¥o, model were used to study scenarios 
with P.) = 3.57 kPa, over a range of @ values from 
2.5 to 10 litre min~!, Paco, from 1.33 to 94.64 kPa, 
Figo, from 0.21 to 1.0 and Qs/Ot from 0.05 to 0.8. 
In the constant P¥o, model, a range of P¥o, values 
from 1.33 to 8.00 kPa were studied. In the constant 
metabolism model, a range of Ps, from 2.45 to 3.57 
kPa, and the effect of varying Q as a function of 
Paco, were studied (see appendix 2). The programs 
performing these analyses were written using 
Think Pascal (Symantec) and run on a Macintosh 
Centris. 
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Figure 2 Constant metabolism model: effects of Pago,. Input 
variables are Fio, = 0.6, Os/Ot = 0.5, Pa = 3.57, Ô = 5 litre 
min~, In this figure (and fig. 8) the range of Paco, is 0-50 kPa, 
while in all other figures only the clinical range of 0-20 kPa is 
shown. 
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Figure 3 Constant metabolism model: effect of Pago, and Fig, 
on Pao, C es in Pao, with Paco, for the constant metabolism 
model, for Os/ of 0.5. Each line of the diagram represents one 
Fio, Lines from top to bottom are for Fig, 1.0, 0.9, 0.8, 0.7, 0.6, 
0.5, 0.4, 0.3 and 0.2. Other input settings were Psy) = 3.57 kPa 
and Ò = 5 litre min’, 


Results 


CONSTANT METABOLISM MODEL 


The effect on oxygen carriage, of increasing Paco, 
when other input variables are held constant, is 
shown in figure 2. As Paco, increases, there is a 
linear decrease in PAo, caused by increasing PAco, 
This has minimal effect on Cc'g, (and hence Cao 
and Cvo,), until PAo, decreases below a threshol 

level and desaturation of haemoglobin in blood 
leaving the ventilated lung compartment begins. Up 
to this point, the rightward shift of the dissociation 
curve, in the presence of relatively constant Cao, and 
CVo,, produces an increase in Pao, and P¥o,. Beyond 
this point, Cc’o,, Cao, CVo, Pao, and Po, 
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Figure 4 Constant metabolism model: effect of Pago, and Os/Or 
on Pao. Changes in Pao, with Paco, for the constant metabolism 
model, for Fig, of 0.6. Each line on the diagram represents one 

Ot. Lines from top to bottom are for Os/Or 0.05, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6 and 0.7. Other input settings were Psy = 3.57 
kPa and Ġ = 5 litre min~!. In this figure the range of Pag, is 0-50 
kPa, while in all other figures 0-10 kPa is shown. 








104 
8 — 
1.0 
e kaa 
© 
a 
x 
e 
Ro aH 
| 0.2 
o7 | S eaa i 
0 5 10 15 20 
Paco, (kPa) 


Figure 5° Constant metabolism model: effect of Paco, and Flo, 
on P¥o,. Changes in Pvo, with Paco, for the constant metabolism 
model, for Öv of 0.5. Each line of the diagram represents one 
Fio, Lines from top to bottom are for Fio, 1.0, 0.9, 0.8, 0.7, 0.6, 
0.5, 0.4, 0.3 and 0.2. Other input settings were Ps 9 = 3.57 kPa 
and Ô = 5 litre min“! (as in fig. 3). 


decrease. The PAco, at which this threshold is 
reached varies with Fio, (figs 3 and 5). The pattern 
of change in Pao, as Paco, increases is different with 
low Os/ values (0.05 or 0.1) when Pao, decreases 
in a similar manner to PAo, (see fig. 4). With low 
values of Os/Or the reduction in dissolved oxygen in 
blood leaving the ventilated lung compartment more 
than offsets the effect on Pao, of the right shifted 
oxygen—haemoglobin dissociation curve, because the 
ventilated compartment represents most of the lung. 
With Os/Ot = 0, Pao, is identical to PAg,. 

Figures 5 and 6 show the changes in PVo, over a 
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Figure 6 Constant metabolism model: effect of Paco, and Os Or 
on P¥o,. Changes in P¥>, with Paco, for the constant metabolism 
model, for Fio, of 0.6. Each line on the diagram represents one 

. Lines from top to bottom are for Os/Or 0.05, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6 and 0.7. Other input settings were Psy = 3.57 
kPa and © = 5 litre min“! (as in fig. 4). 
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Figure 7 Constant metabolism model: effect on P¥o, of varying 
Ò with Paco,. Changes in PYo, with Paco, for the constant 
metabolism model. Other input settings were Psp = 3.57 kPa, 
Fio, = 0.6 and Os/Qt 0.5. 


range of Paco,. For all Os/Ot, P¥o, increases as 
Paco, increases, provided that Fig, is adequate to 
maintain PAo, above the threshold level for haemo- 
globin desaturation (fig. 6). If Fio, is not adequate, 
then the threshold level for haemoglobin desatura- 
tion is exceeded within the clinical range of Paco, 
and P¥o, decreases (fig. 5). 
A similar pattern of results was seen with Ps, values 
of 2.45 and 3.05 kPa. A lower Ps, resulted in lower 
and P¥o, at a given Paco, when the other yari- 
ables were held constant. With an Fio, of 0.6, Os/ Or of 
0.5 and Q of 5 litre min~, at any given Paco, in the 
range 0-20 kPa, the P¥o, result for P5 of 2.45 kPa was 
69-71% of the P¥o, result for a Ps of 3.57 kPa. 


Permissive hypercapnia and gas exchange 


Similar results were seen with Ò values of 2.5 and 
10 litre min™t?. A lower Q resulted in lower Pag , and 
P¥o, at a given Paco, when the other variables were 
held constant. When Ò was varied as a function of 
Paco, the pattern, was different (fig. 7). Relatively 
small changes in Ò (20% decrease in Ò for a doubl- 
ing in Paco,) virtually abolished any increase in P¥o, 
with increasing Paco, and marked decreases in P¥o, 
were seen within the range of Pago, used clinically 
during low volume ventilation with permissive 
hypercapnia (Paco, of 5.33-20 kPa). 

Hypocapnia consistently made gas exchange 
worse. In all the scenarios modelled, P¥o, 
decreased as Paco, decreased to less than 5.3 kPa. 
When the shunt fraction was high, Pao, also 
decreased (fig. 4). 
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Figure 8 Constant Pip, model: effects of Paco, Input variables 
are Fio, = 0.6, Os/Ot = 0.5, Psp = 3.57, Ô = 5 litre min™! (as in 
fig. 2) and PY, = 2.67. In this figure (and fig. 2) the range of 
Paco, is 0-50 kPa, while in all other figures only the clinical 
range of 0-20 kPa is shown. 
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Figure 9 Constant Po, model: effect of Paco, and Suen Voz. 
Changes in Po, with Pago, for the P¥o, model, for Os/Ot of 0.5. 
Each line of the diagram represents one Fio, Lines from top to 
bottom are for Fig, 1.0, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3 and 0.2. 
Other input settings were Pao = 3.57 kPa, Q = 5 litre min™! and 
Fo = 2.67. 
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Figure 10 Constant Po, model: effect of Paco, and Os/Or on 
Vo. Changes in Vo, with Paco, for the constant P¥,, model, for 
Fio, of 0.6. Each line on the dia represents one Or Lines 
from top to bottom are for Osi 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6 and 0.7. Other input settings were Psy = 3.57 kPa, Ò = 5 litre 
mini and PY, = 2.67. 


CONSTANT Ño, MODEL 


The effect on Vo, and oxygen carriage of increasing 
Paco, when other input variables are held constant is 
shown in figure 8. The increase in Paco, produced 
an increase in P¥¢o,. The model defines Fi, as con- 
stant, 80 CVo, decreases as the increasing P¥¢o, shifts 
the dissociation curve to the right. As Paco, 
increases, there is a linear decrease in PAo, caused by 
increasing PAco, This has minimal effect on Cc’o,, 
until PAo, decreases below a threshold level and 
desaturation of haemoglobin in blood leaving the 
ventilated lung compartment begins. Cao, is deter- 
mined by mixing of constant proportions of blood 
with Cc'o, and Cvo,. Up to the threshold point, 
Cc'o, is relatively constant. Thus as Cvo, decreases, 
Cao, also decreases but not to the same extent as 
Cvo,. The difference between Cao, and Cvo, widens 
and hence Vor increases. Another effect of the 
widening difference between Cao, and Cvo, as Paco, 
increases is that with similar increases in PCO, in 
both arterial and venous blood, and hence similar 
rightward shift of the two dissociation curves, the 
difference between Pao, and P¥o, also increases, and 
Pao, must increase as Pio is held constant. Beyond 
the threshold point, Voz, Pao, Cc'op Cag, and Pao, 
decrease. The pattern of change in Pao, as Paco, 
increases is different with low Or when Pao, 
decreases in a similar manner to PAo, 7 

Figures 9 and 10 show the changes in Vo, over a 
range of Paco, For all Ot, Voz increases as Paco, 
increases, provided that Fio, is adequate to maintain 
PAo, above the threshold level for haemoglobin 
desaturation (fig. 10). If Fio, is not adequate, then 
the threshold level for haemoglobin desaturation is 
exceeded within the clinical range of Paco, and Voz 
decreases (fig. 9). 

A similar pattern of results was seen with P¥o, set 
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at 1.33, 4.00 or 5.33 kPa, and with Ps, values of 2.45 
and 3.05 kPa. A lower P¥o, resulted in a higher Vo, 
when the other input variables were unchanged. The 
greatest improvement in Vo, with increasing Paco, 
occurred when P¥o, was high. With P¥o, of 1.33 kPa 
there was a minimal decrease in Yo, when Paco, 
increased to greater than 17 kPa. A lower Pso 
resulted in a lower VO, for any given Paco, As can 
be predicted from the equations of the model, any 
increase in © simply increased Yo, by the same 
factor. 

As with the constant metabolism model, hypo- 
capnia consistently made gas exchange worse. In all 
scenarios modelled, Vo, decreased as Paco, 
decreased to less than 5.3 kPa. 


Discussion 


It has been suggested that a rightward shift of the 
dissociation curve may be detrimental in ARDS, 
because reduction of arterial oxygen content may 
more than offset the amount by which venous 
oxygen unloading is facilitated. In a pig model of 
hypoxaemia caused by low inspired oxygen concen- 
tration, and hypercapnia produced by high inspired 
carbon dioxide concentration, arterial oxygen con- 
tent was increased and mortality reduced when 
acidosis was partially corrected by buffering. It was 
postulated that buffering had reduced the right shift 
of the dissociation curve thus improving pulmonary 
oxygen uptake.? In rats breathing air at reduced 
atmospheric pressure, survival was improved with a 
left-shifted oxygen dissociation curve. A theoretical 
study suggested that a left shift of the oxygen disso- 
ciation curve may improve exercise tolerance at high 
altitude, if diffusion limitation of oxygen uptake is 
present.> However, these studies examined the 
response to alteration in P; with hypoxaemia caused 
by low PAo, In this situation it is the low PAo, which 
limits oxygen uptake by pulmonary blood flow and 
determines Pag,. A right-shifted dissociation curve 
then results in decreased arterial oxygen content at 
this limited Pao, and is thus potentially detrimental. 
Hypercapnia has an additional detrimental effect in 
that it further decreases PAo, 

In contrast, when hypoxaemia results from intra- 
pulmonary shunt, Pao, in ventilated lung remains 
high even with moderately high Paco, provided that 
the inspired oxygen concentration is sufficiently 
high. Under these conditions, blood leaving the ven- 
tilated lung compartment is fully saturated, and arte- 
rial oxygen content is determined by the shunt 
fraction and venous oxygen content. The effect of a 
right-shifted dissociation curve is then to increase 
Pao, associated with this predetermined arterial 
oxygen content. If cardiac output and oxygen con- 
sumption do not change, then mixed venous oxygen 
content is unaltered and PVo, also increases. Our 
mathematical model confirms that in patients with 
pure intrapulmonary shunt causing hypoxaemia who 
are receiving a sufficiently high inspired oxygen con- 
centration to ensure full saturation of the pulmonary 
blood flow in the ventilated lung compartment, and 
with other variables remaining constant, acute 
hypercapnia should result in an increase in Pag, and 
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P¥o, with little change in arterial and mixed venous 
oxygen contents. If the increase in Po, allows 
greater oxygen uptake into hypoxic tissues, this 
could theoretically increase tissue oxygen utilization, 
and the model predicts that potentially important 
increases could result. Our model suggests that 
reversing the rightwards shift of the dissociation 
curve by buffering may be detrimental to gas 
exchange. 

In reality the situation is more complex, and 
several of the variables which were assumed to 
remain constant in this model may alter in patients 
with ARDS during low volume ventilation with per- 
missive hypercapnia. Alterations in cardiac output 
affect gas exchange. Acute hypercapnia depresses 
the contractility of isolated myocardium,® although 
this is compensated rapidly during sustained hyper- 
capnia, as a result of correction of intracellular 
acidosis.’ In vivo, decreased contractility is offset by 
increased sympathetic stimulation, and cardiac 
output increases. Recent studies of patients with 
ARDS have found that cardiac output increased in 
all patients during low volume ventilation with 
permissive hypercapnia.?! 

The shunt fraction may also be affected by several 
factors during low volume ventilation with permis- 
sive hypercapnia, including changes in mean airway 
pressure,!? changes in cardiac output!?!4 and direct 
or autonomically mediated effects on the pulmonary 
vasculature or the airways. 

Our model assumes that either oxygen consump- 
tion or carbon dioxide production is constant or 
limited by the lowest P¥o, at which tissues can 
extract oxygen, but it is likely that acute hypercapnia 
has important metabolic effects. The resulting intra- 
cellular acidosis alters the activity of several 
enzymes, for example phosphofructokinase. Con- 
versely, increased sympathetic activity and increased 
endogenous catecholamine concentrations may 
increase metabolic rate and VO,. 

Buffering may be detrimental to gas exchange by 
reversing the rightwards shift of the dissociation 
curve and by inhibiting the potentiation of hypoxic 
pulmonary vasoconstriction caused by acidosis.!5 
The metabolic compensation that occurs during 
prolonged hypercapnia shifts the curve to the left 
and worsens gas exchange. 

Several studies have demonstrated that in patients 
with ARDS, hypoxaemia appears to be predomi- 
nantly a result of intrapulmonary shunt,?!® and 
therefore the findings of this study should be applic- 
able to such patients. However, there is some vari- 
ability in the proportion of intrapulmonary shunt 
and VIO inequality between patients, and in those 
with a substantial proportion of low VIO regions the 
model is inaccurate. Another limitation of this study 
is that the Kelman subroutines used to calculate 
oxygen contents and tensions have been validated 
only up to a Pco, value of 20 kPa.!? While the results 
at higher partial pressures are inaccurate, the results 
are valid over the range of Paco, values used in 
clinical practice. 

The constant P¥o, model examines the situation 
where oxygen delivery to the tissues is inadequate, so 
that oxygen is extracted from the blood down to a 
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limiting level of P¥o,. Below a P¥o; value of 2.67 kPa 
tissue oxygenation may be inadequate for cellular 
function. Our data show the level of oxygen con- 
sumption that can be supported at this Po, value. 
Patients with ARDS and sepsis often have high 
oxygen consumption, and it has been suggested that 
even with normal values for oxygen delivery, oxygen 
uptake may be limited by its delivery to the tissues.}8 

Thus the physiological consequences and interac- 
tions after the reduction of ventilatory support and 
onset of hypercapnia are extremely complex, and 
may vary substantially between patients. Further 
studies of the effects of hypercapnia are needed. 
However, this study suggests that the effect of the 
right-shifted dissociation curve per se in patients 
with ARDS is likely to be beneficial rather than 
detrimental. 


Appendix 1 


MODEL EQUATIONS 

Procedure used for calculanng Flo, for a trial value of Pag, 

1. Caco, and Cao, are calculated from Paco, and the trial value of 
Pag, using West’s modifications of Kelman’s subroutines.!? 1%21 
2. In the “constant metabolism” version of the model 

Cvco and CYo, are calculated by 

Cvco, = Caco, +.(Pco, /Q) 

Cvor = Cag, ~ (Por 


In the “constant Pip,” version of the model 


As Cao,, Caco, and Po, are known, there is a unique set of 
Pico» C¥co, and Cvo, that will satisfy the constraint of the model 
that RQ = 0.8 
where RQ = (Cvco, — Caco,/(Cag, — C¥o,). Thus RQ = f 
(P¥co,), and P¥co, is solved by the false position method. Cvco, 
and Cy, are calculated from PYo, and PYco, using Kelman’s 
subroutines. 
3. The contents of carbon dioxide and oxygen in blood equili- 
brated with the ventilated compartment are calculated by Cc’g, = 
(Caco: ~ cor X OVONIA> ÖD 
Cc'o, = (Cag, ~ Cv, X OvON/ — Os/Or) 
4. Paco, and PAo, are calculated from Cc'co, and Cc'op using 
Kelman’s subroutines and the false position method. 
5. Fio is calculated by 
Fig, = (Pho: + (PAco/RQ)((PB ~ PH;0) + 

(Paco/RQ (1 - RQ) 
(This equation was derived by algebraic manipulation of the alve- 
olar gas equation). 

Constants used in these calculations were haemoglobin = 15 g 
di~!, packed cell volume = 0.45, base excess = 0 mmol litre7!, 
temperature = 37.0 °C, PB = 101.3 kPa, SVP mo) = 6.26 kPa, 
RQ = 0.8. 

Final calculations 

When the solution of Pao, for the specified value of Fig, has been 
found, then Cao» Caco, CYop CYco» CC'o» Ce’ co PAo, and 
Pago, are calculated as above in steps 1 to 4. P¥, and P¥co, are 


calculated from Cvo, and Cvco, using Kelman’s subroutines and 
the false position method. 


Appendix 2 
METHOD OF VARYING @ AS A FUNCTION OF Paco, 


The effect of varying © as a function of Paco, was investigated. 
Calculations of the constant metabolism model were followed, 
except that the Ò to be used with the other input variables was cal- 
culated from the Paco» by the equation 

Ò = 05.33 O dog, (Paco, 15.33)) 
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where 05.33 is cardiac output at Paco, = = 5.33 kPa and is set at 
5 litre min! This equation produces an ene in Ô by a factor 
of @ for each doubling of Paco, Thus 05.33 = 5 litre min7, 
010.66 = 50 litre min~!, and oan 32 = 63 i min~!, Values 
of @ examined were 0.8, 1.0 and 1.2. 
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Performance of vaporizers in circle systems [II] 


S. Brosnan*, B. ROYSTON AND D. WHITE 
Department of Anaesthetics, Northwick Park Hospital, Harrow 


When vaporizers are used within circle systems, the temperature 
within the vaporizer decreases as the agent evaporates. This 
reduces the output of the vaporizer and may be of clinical 
importance. 

We investigated this effect both on the bench and in theatre 
using a Komesaroff vaporizer, a copy of the Goldman into which 
a thermometer may be placed. All tests were conducted using 
isoflurane, the vaporizer being filled to the 30 ml level before each 
experiment. On the bench, gas flow rates of 4, 8 and 12 litre 
min`! were passed through the vaporizer and the changes in 
temperature of the isoflurane were recorded. The greatest 
decrease in temperature was seen with a flow rate of 12 litre 
min~!, the temperature decreasing from 20 to 0°C within 18 min 
with the vaporizer open at setting 3. 

In theatre, the vaporizer was attached on the inspiratory side of 
a Scania circle system. Isoflurane temperature was measured at 
1-min intervals using a thermistor and a record of the ambient 
temperatures at the start and finish of the case were made. 
Patients were anaesthetized with propofol and allowed to breathe 
spontaneously on a laryngeal mask airway. We found that the 
temperature in the vaporizer was related to both the vaporizer set- 
ting and the patient’s minute volume. Initially, on a high inspired 
isoflurane concentration, the temperature decreased quite quickly, 
but as the anaesthetic continued and the vaporizer setting was 
reduced, the temperature increased (fig. 1). Also shown are minor 
fluctuations in isoflurane temperature related to episodes where 
the patient’s minute volume increased in response to surgical 
stimulus and decreased after administration of i.v. opioids. 

The maximum reduction in temperature can be calculated, 
using the Antoine equation, to produce a maximum reduction in 
isoflurane concentration of 48%. This effect is not found to be a 
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Figure 1 Change in isoflurane temperature for a typical 
anaesthetic. 


problem in clinical practice owing to the previously described 
self-regulating properties of this system, ! 
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Pharmacodynamics of Org 9487: onset and recovery 
characteristics of single and three incremental bolus doses 


K. G. Minis*, J. M. Scott*, C. J. R. PARKER, AND J. M. 
HUNTER 


University Department of Anaesthesia, Liverpool 


The need for a non-depolarizing neuromuscular blocking agent 
with onset and recovery characteristics similar to suxamethonium 
is recognized. Early reversal of residual block using an anti- 
cholinesterase would be an attractive feature of such an agent; it 
would be useful if attempts at tracheal intubation failed. Org 
9487, the 16-N-allyl-B-propionate analogue of vecuronium, is a 
new aminosteroid neuromuscular blocking agent.! We compared 
recovery from profound block using neostigmine or edrophonium, 
after either a single bolus dose or a bolus plus three maintenance 
doses of Org 9487. 

Twenty-four patients, ASA I-II, were recruited to the study. 
They were allocated randomly to one of four groups: Groups la 
and Ib received neostigmine 0.05 mg kg, la after a single bolus 
of Org 9487 and Ib after three maintenance doses; Groups 2a 
and 2b were similarly reversed with edrophonium 1.0 mg kg”. 
Patients received lorazepam 2—4 mg orally, 2 h before opera- 
tion. After induction of anaesthesia with midazolam 0.05-0.1 
mg kg@!, fentanyl 1-3 pg ke! and thiopentone 4-6 mg kg", 
anaesthesia was maintained with nitrous oxide 70% in oxygen 
and incremental doses of thiopentone and fentanyl. The 
mechanical response of the adductor pollicis to train-of-four 
stimulation of the ulnar nerve was recorded using the 
Myograph 2000. A stabilization period of 3 min was achieved 
before administration of Org 9487, 1.5 mg kg (1.5 X EDgg). 
Tracheal intubation was performed after 60 s. The anti- 
cholinesterase was administered in Groups la and 2a after a 
further 60 s. Groups lb and 2b received three further doses of 
Org 9487 0.5 mg kg! when T1/T0 had recovered to 25%. The 
anticholinesterase was given 2 min after the third maintenance 
dose. The recovery times after administration of the anti- 
cholinesterase in the four groups were compared using the 
Mann-Whitney two-tailed U test. 

The mean (SD) lag time in the 24 patients was 34 (8.0) s, and 
the mean time to maximum block was 75 (33) s. The mean (SD) 
time to T1/TO = 25% in Groups Ib and 2b was 17.6 (4.4) min. 
The mean (SD) recovery times in the four groups after the anti- 
cholinesterase are given in table 1. 

Rapid antagonism of profound block induced by Org 9487 1.5 
mg kg” cannot be obtained using either neostigmine or edro- 
phonium. 7 


Key words 
Neuromuscular block, Org 9487. Pharmacodynamics. 
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Table 1 Recovery times (sD) (s). (*P<0.05 compared with 1a in 
same group; fP<0.05 compared with 1b) 


Group 1: Neostigmine Group 2: Edrophonium 


a (1=7) b (1=5) a (n=5) b (n=7) 
25% T1/T0 8.5 (5.1) 2.8 (0.4)* 6.4 (3.2) 1.0 (0.5)*+ 
75% T1/T0 19,9 (13.9) 7.2 (1.9)* 18.6 (9.6) 18.0 (12.3)t 
T4/T1=0.7 21.8 (9.0) 19.5 (6.3) 23.6 (9.3) 39.0 (7.7) *t 
T4/T1=0.8 26.1 (11.2) 24.3 (8.4) 29.5 (13.3) 51.2 (7.6)*t 
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Effect of theophylline and forskolin on human respiratory 
cilia beat frequency in vitro 


M. ALEXANDER~-WILLIAMS AND T.A. BEDFORD 
University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


Mucociliary clearance represents an important protective mecha- 
nism of the upper and lower respiratory tracts. The transport of 
mucus is dependent on the cilia beat frequency (CBF) and coor- 
dination, and the composition of the mucus layer. Previous 
studies have shown that both theophylline and aminophylline 
increase mucus transport rate in vivo.!? However, the exact site 
and mechanism of their action are unclear. Both drugs potentiate 
the cyclic AMP system which could affect both CBF, mucus pro- 
duction or both. We have investigated the effect of theophylline 
and forskolin (a direct adenylate cyclase activator) on the beat fre- 
quency of human respiratory cilia in vitro. 

CBF was measured using the transmitted light technique in a 
previously described perfusion system.? Nasal turbinates from 15 
patients who had undergone turbinectomy for tissue hypertrophy 
were used as the source of ciliated epithelium. Ciliated discs, 4 
mm in diameter, cut from the turbinates were divided into four 
groups. Group 1 was exposed to theophylline 100 pg ml and 
group 2 exposed to forskolin 100 pg mi~}, Groups 3 and 4 acted 
as matched controls. The ciliated discs were mounted in paired 
perfusion chambers at 37°C and connected to a reservoir contain- 
ing Hanks’ balanced salt solution. The samples were perfused for 
30 min before a baseline reading of CBF was made (130). One 
chamber was then connected to a reservoir containing the drug 
solution and measurements repeated after 60 min (190). The 
investigator was not aware of which chamber received the drug 
solution, 

The results are shown in table 2. 


Table 2 Mean cilia beat frequency (sD) (Hz). (**P=0.008 
(increased compared with control) ` 


Time 


(min) Control Theophylline Control Forskolin 
30 12.16 (2.83) 11.02 (3.62) 


90 11.33 (2.8) 11.58 (3.76) 


13.23 (3.23) 11.64 (3.39) 
12.98 (2.72) 14.71 (2.86)** 


Nine pairs of ciliated discs were used for the theophylline study. 
There was no significant change in CBF compared with control. 
Six pairs of discs were used for the forskolin study. Forskolin 100 
pg ml”! significantly increased CBF compared with control. 
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Effect of carbon dioxide on cerebral autoregulation as 
assessed by the transient hyperaemic response test 


G. CaviLt*, E. J. SIMPSON*, R. P. MAHAJAN 
University Departments of Anaesthesia and of Physiology and 
Pharmacology, Queen’s Medical Centre, Nottingham 


We have developed a theoretical model for the quantitative assess- 
ment of cerebral autoregulation (CA) using the transient hyper- 
aemic response (THR) seen in the middle cerebral artery (MCA) 
blood flow velocity (FV) after release of a brief compression of the 
common carotid artery (CCA).! The aim of this study was to use 
this model to assess the effects of carbon dioxide on CA. 

Seven healthy volunteers were studied in the supine position. A 
continuous record of cerebral blood FV in the left MCA using 
transcranial Doppler ultrasonography and of end-tidal carbon 
dioxide (PE'co,) at the mouth was established. Each volunteer 
was subjected to three left CCA compressions of 10-s duration for 
the baseline measurements followed by measurements made 
while breathing via a rebreathing circuit to achieve Pe'co, of 
approximately 1 kPa and then 2 kPa above baseline, and finally 
while voluntarily hyperventilating to PE'co, of approximately 1 
kPa and then 2 kPa below baseline. Mean arterial pressure (MAP) 
was recorded non-invasively before each CCA compression. 
Time-averaged mean velocities from the maximal FV traces of the 
following MCA pulse waves were analysed: the pulse wave just 
preceding compression (F1); the first pulse wave after compres- 
sion (F2); and the first pulse wave after release of compression 
(F3). The expected value of F3 was calculated as F3=FI X 
MAP/P2 (where P2 stands for arterial pressure in the MCA 
immediately after compression of CCA, and is estimated as MAP 
X F2/F1). The ratio of observed F3 to expected F3 was taken as 
a measure of strength of autoregulation (SA).! A total of 97 THR 
tests were analysed; the correlation between SA and Pk’ co, in the 
pooled data is shown in figure 2. 
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Figure2 PE'co, and SA are expressed as multiples of baseline 
mean for each subject. 


Our results demonstrate a significant negative correlation 
between SA and P8'co, (7?=0.72; P<0.001). These findings sub- 
stantiate previous claims that the autoregulatory response of 
cerebral vessels is attenuated during hypercapnia. In addition, we 
have shown that this response can be exaggerated during 
hypocapnia when assessed by THR test. 
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Comparison of the effect of intrathecal and extradural 
fentanyl! on gastric emptying in labour 


M. C. KELLY*, U. A. CARABINE, D. A. HILL AND R. K 
MIRAKHUR 

Department of Anaesthetics, The Queen’s University of Belfast and 
The Royal Group Hospitals Trust 


Extradurally administered opioid drugs improve analgesia in 
labour but have disadvantages such as nausea, vomiting and 
delayed gastric emptying.'? Intrathecal opioids are becoming 
popular but their effect on gastric emptying is unknown. This 
study was designed to assess the effect on gastric emptying of fen- 
tanyl given intrathecally, or extradurally in standard clinical doses. 

One hundred and five women with uncomplicated pregnancies 
and in active labour were included in the study with their 
informed consent and approval of the research Ethics Committee. 
All had been fasted for at least 3 h and had received no systemic 
analgesia. Patients were allocated randomly to one of three 
groups. Group S received fentanyl 25 ug and bupivacaine 2.5 mg 
intrathecally, Group E 10 ml bupivacaine 0.25% and fentanyl 50 
pg extradurally and Group C 10 ml of 0.375% bupivacaine 
extradurally. A baseline blood sample was taken 15 min later and 
paracetamol 1.5 g given with 100 ml water. 

Blood samples were taken at intervals over the next 3 h and 
analysed for paracetamol concentrations using the HPLC 
method. Patients received extradural boluses of 0.25% bupiva- 
caine on request. Pain was assessed using visual analogue scores 
(VAS). Maximum paracetamol concentration (Cpmax), and areas 
under the paracetamol concentration time curve (AUC) at 90 and 
120 min were compared using ANOVA. Kruskal-Wallis test was 
used to compare the time to maximum concentration (sCpmax) 
and VAS. A P value of <0.05 was considered significant. 

There were no demographic differences between groups. 
Cpmax in Group S was significantly lower than group E, and 
AUC and AUC z significantly smaller in S than in groups C 
and E (table 3). Median (range) tCpmax values were 120 
(15-180), 82.5 (15-180) and 90 (15~180) min in groups S, E and 
C respectively (P<0.05). These results indicate delayed gastric 
emptying in the group given intrathecal fentanyl compared with 
the other two groups. The VAS scores were similar except at 30 
min when the scores were significantly lower, reflecting better 
analgesia, in Group S. Group S also required significantly less 
bupivacaine. 


Table 3 Paracetamol absorption (mean (sD)).(*P<0.05 
compared with Group E; t P < 0.05 compared with Groups C 
and E) 


Group S Group E Group C 
Cpmax (pg mi~!) 13.4 (8.82)* 17.9 (8.06) 15.0 (6.22) 
(n=34) (n=34) (n=33) 
AUC (ug ml! min-!) 430 (491)t 736 (504) 672 (453) 
(n=34) (n=35) (n=33) 
AUC ya (ug ml~! min=") 649 (592)$ 1062 (627) 1053 (616) 
(n=33) (n=35) (n=37) 
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Effects of alpha,-adrenoceptor agonists on gastric 
emptying and gastrointestinal transit in the rat 


T. Asai*, M. D. VICKERS, W. W. MAPLESON AND I. POWER 
Department of Anaesthetics and Intensive Care Medicine, University 
of Wales College of Medicine, Cardiff, and Department of 
Anaesthesia and Pain Management, University of Sydney, RNSH, 
St Leonards, Australia 


Opioids markedly delay both gastric emptying and intestinal 
transit; however, the effect of alpha, agonists, adjuncts to anaesthet- 
ics, on gastric emptying is unclear. We studied the effect of two such 
agonists on gastric emptying and gastrointestinal transit in the rat. 

Six to 10 male Wistar rats (200-250 g) were used for most 
doses of each substance. Hither clonidine (0.001—1 mg kg™!), 
dexmedetomidine (0.0001-0.1 mg kg™!: donated by Orion- 
Farmos Pharmaceuticals), morphine (0.1~30 mg kg™?) or saline 
was injected i.p. At 30 min radiolabelled saline 1 ml was infused 
into the stomach. At 1 h, the animal was killed, the gastrointesti- 
nal tract was removed and the small intestine was divided into 10 
equal segments. The radioactivity in the stomach and each seg- 
ment of the intestine was counted, and gastric emptying and gas- 
trointestinal transit were calculated. Gastrointestinal transit was 
assessed using the “geometric centre” (the centre of gravity) (= 
(CiSi)/ Ci, where Ci = count in segment Si).! In another group of 
rats, either yohimbine, naloxone or saline was injected with an 
agonist. The Mann-Whitney U test was used for comparison of 
substances or combinations of substances. The ED, and the 95% 
confidence limits (CL) were determined using logistic regression 
of inhibition, with respect to saline, of gastric emptying and of 
geometric centre on log dose and the Fieller equation in the sta- 
tistical package GLIM (Generalized Linear Interactive Modelling). 

Dexmedetomidine 0.1 mg kg™! caused strong sedation and 
apparent respiratory depression; therefore, this dose was given in 
only three rats. Clonidine significantly inhibited gastric emptying 
(P = 0.001) but the inhibitory effect was weak (95% CL for dif- 
ference from saline: 8.2 and 34.9% at the maximum dose of 
clonidine, 1 mg kg~!). Dexmedetomidine also significantly but 
weakly inhibited the emptying (P < 0.05; 95% CLs for difference 
from saline: 3.4 and 15.4% at the next-to-maximum dose, 0.03 
mg kg~!). However, both clonidine and dexmedetomidine 
strongly inhibited gastrointestinal transit (table 4). In contrast, 
morphine inhibited gastric emptying and gastrointestinal transit 
to a similar degree. Yohimbine significantly antagonized the 
inhibitory effects of both clonidine and dexmedetomidine (P < 
0.05). In contrast, naloxone, which significantly antagonized the 
effect of morphine (P < 0.01), did not antagonize the effect of 
either of these agonists. 


Table 4 EDs (mg kg™!) of clonidine, dexmedetomidine and 
morphine on gastric emptying and gastrointestinal transit (with 
95% CL). Only lower 95% CL are shown when values are out- 
side the range of doses used 


Gastric emptying Gastrointestinal transit 
Clonidine (n=41) — (4.6, —) 


Dexmedetomidine (1=30) — (4.3, —) 
Morphine (n=52) 2.8 (2.1, 3.8) 


0.080 (0.049, 0.13) 
0.039 (0.027, 0.065) 
1.2 (0.87, 1.7) 


Alpha,-adrenoceptor agonists dose-dependently inhibit gas- 
trointestinal transit through the alpha, adrenoceptor; however, 
they only weakly inhibit gastric emptying. 
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Caesarean section; efficacy of morphine patient-controlled 
anaesthesia vs ketorolac infusion 


M. A. BEWLAY AND A. S. LAURENCE 
Department of Anaesthetics, The Royal Preston Hospital, Preston 


Patient-controlled analgesia (PCA) with morphine can have dis- 
advantages of drowsiness, dizziness, nausea and vomiting, which 
are particularly unwanted after Caesarean section. Ketorolac is 
known to be effective for pain relief especially in combination with 
opioids.! It is usually given by i.m. bolus doses. 

Forty-one consenting patients, ASA I or II, presenting for elec- 
tive Caesarean section under spinal anaesthesia were given raniti- 
dine before operation on the night before and morning of 
operation. I.v. infusion was commenced and a spinal performed 
with a dose of 0. 5% heavy bupivacaine as chosen by the anaes- 
thetist. Towards the end of the operation all patients were given 
10 mg morphine and 10 mg ketorolac i.v. Each patient was then 
allocated to one of two groups. 

The morphine group received a PCA pump containing mor- 
phine 60 mg + cyclizine 100 mg in 60 ml saline. Bolus i.v. doses 
of 1 mg with a lockout of 5 min were set with no background infu- 
sion. Ketorolac 30 mg i.m. 8-hourly was prescribed for escape 
analgesia. 

The ketorolac group received a PCA pump with ketorolac 90 
mg in 60 ml. This was run at a rate of 2.55 mg h™!, with bolus 
dose of 0.15 mg, and lockout of 10 min was used to help blind the 
study (60 mg over 24 h with 30 mg available for boluses giving a 
maximum of 90 mg in 24 h). Cyclimorph 10 i.m. 3-hourly was 
prescribed as escape analgesia. Both groups were prescribed 
prochlorperazine 12.5 mg 8-hourly. 

The pumps were continued until the morning after operation. 
Routine postoperative observations were made by the midwives, 
together with pain scores (l=none, 2=mild, 3=moderate, 
4=severe), nausea/vomiting (1-4), and sedation (1-4). All 
patients were reviewed 24 h after operation and asked to give a 
satisfaction score of 1 (awful) to 5 (excellent) (table 5). 


Table 5 Pain and satisfaction scores. (NS=not significant; 
MW=Mann-Whimey; KW=Kruskall—Wallis) 


Morphine Ketorolac 

Number of patients 21 20 
Total pain events 1, 2 208/230 NS 191/218 
Total pain events 3, 4 22/230 KW 27/218 
Av. drug dose (mg) (range) 49 (24-71) 56 (30-71) 
No. of escape doses 4 in 3 pts 10 in 8 pts 
Satisfaction score 

3,4,5 20/21 NS 17/20 

1,2 1/21 MW 3/20 


Nausea and vomiting scores, and sedation scores were surpris- 
ingly similar in both groups. The total number of unsatisfactory 
(score 3 or 4) pain score events was not significantly different 
between groups, nor were the pain scores significantly different 
at any time interval postoperatively (Kruskall-Wallis). The final 
satisfaction score was also not significantly different between the 
groups. 

Patients for Caesarean section have less pain than those for 
upper abdominal surgery and, in addition, have a positive psycho- 
logical factor. Consequently the requirement for analgesia is less. 
We have shown that a ketorolac infusion plus i.m. Cyclimorph for 
escape analgesia provides comparable pain relief (with less opioid 
use) with conventional morphine PCA. (We feel that better 
education regarding the need for adequate escape analgesia could 
improve the success of the technique.) 
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Aspirin and the bleeding time 


J. R. SONKSEN* AND K. L. KONG 

Department of Anaesthesia, City Hospital, Birmingham and 
Department of Anaesthesia and Intensive Care, Umversity of 
Birmingham 


Aspirin is known to ımpair primary haemostasis by inhibiting 
platelet aggregation and thus prolonging the bleeding time. The 
ingestion of aspirin within 7-10 days is a relative contraindication 
to the siting of an extradural catheter, unless the bleeding time is 
shown to be less than 10 min.! The prolongation of the bleeding 
time in response to aspirin is variable, with 15-20 % of the adult 
population being hyper-responders.2 The present study was 
designed to determine how the prolongation of the bleeding time, 
induced by low dose aspirin, changes over the first 48 h of discon- 
tinuing therapy. 

Forty-eight adult ASA I volunteers were recruited from the staff 
of the City Hospital. After informed consent volunteers were 
entered into the randomized, double-blind, placebo-controlled 
trial, and received a 7-day course of either once daily low dose 
aspirin (75 mg or 300 mg), or placebo. A baseline bleeding time 
was performed on each volunteer before therapy and again 2, 9, 
24 and 48 h after the last trial tablet. The main outcome measure 
was the bleeding time at 48 h (table 6). 


Table 6 Mean (SD) bleeding times (s) during the 48 h after 
stopping aspirin. (BT = bleeding time) 





Group Baseline BT Peak BT 48-h BT 
75 mg 274 (67) 437 (145) 323 (83) 
300 mg 229 (57) 479 (301) 313 (127) 
Placebo 253 (60) 234 (70) 233 (88) 


The mean prolongation of the bleeding time caused by 75 mg and 
300 mg of aspirin was 162 and 246 s respectively. In all there were 
six hyper-responders. Their mean prolongation was 504 s. At 48 h 
the bleeding times were prolonged by 49 and 64 s respectively in the 
75-mg and 300-mg groups. The mean bleeding time for the hyper- 
responders at this time was 72 s above baseline. In each of these 
groups the bleeding time at 48 h was significantly different from their 
respective baseline values (P<0.05; paired t-test). However, the 
bleeding time in all volunteers at 48 h was well below the 10-min 
limit and, importantly, the time course of effect was similar whatever 
the dose, and whatever the magnitude of response we saw. 

For healthy volunteers, the bleeding time 48 h after stopping a 
7-day course of low dose aspirin is within the normal range, and 
close to their baseline values. 
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Pharmacokinetics of atracurium after paediatric 
orthotopic liver transplantation 
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Atracurium besylate is widely used by infusion in adult intensive 
care practice, but there is little information about its kinetics and 
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safety in paediatric intensive care. This study was conducted in 
children after orthotopic liver transplantation (OLT), as a suitable 
model for critically ill children. 

Ten children (five male) were studied after OLT on return to 
the ICU. The mean (range) age was 36 (7~78) months, and 
weight 6-24.2 kg. One child died in the ICU, and one had chronic 
renal impairment not requiring dialysis. Atrracurium was started in 
theatre at induction of anaesthesia, and adjusted in the ICU 
according to clinical need. Neuromuscular block was measured 
using accelerometry (TOFguard) and TOF ratio or count. 
Arterial plasma samples for atracurium and metabolites taken 
before, every 12 h during, and at frequent intervals after, the infu- 
sion; were processed and stored using standard methods; and 
analysed by HPLC. Results are given as means (range). 

The mean maximum infusion rate during steady state condi- 
tions was 1.44 (0.48-3.13) mg kg~! h7!, and the duration of infu- 
sion 36.9 (22.5-98.4) h. Tachyphylaxis was not observed. 
Atracurium 7, was 18.8 (12-32.3) min, similar to critically ill 
adults! and paediatric surgical patients. CL,, was 13.9 (7.9-20.3) 
ml min`! kg™!, and Vp 390 (124-551) ml kg~!, both higher than 
in adults after successful OLT.? Laudanosine Cmax was 1190 
(400-1890) ng mi~ 2? and Typ 3.9 (1.1-6.7) h. Renal clearance 
was 1.3 (0.1-5.8) ml min`? kg7!, and increased with urine flow, 
but there was no relationship with serum creatinine. Steady state 
conditions could not be obtained for calculation of laudanosine 
CL,,. EEG spikes were identified for one child only; the corre- 
sponding laudanosine Cmax was 720 ng ml~!. Monoquaternary 
alcohol Cmax was 986 (330-1770) ng mi~, and Tip 42.9 
(30-57.7) h. Mean recovery time to a TOF ratio >0.75 was 23.6 
(12-27) min. 

Atracurium is an effective and safe neuromuscular blocking 
agent in this population. Laudanosine clearance is normal given 
satisfactory graft function. 
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Effect of remifentanil on the auditory evoked response and 
haemodynamic changes after intubation and surgical 
incision 


R. R. MCGREGOR*, R. SHARPE*, C. THORNTON AND D. E. F. 
NEWTON 

Academic Department of Anaesthesia, St Mary’s Hospital Medical 
School, Northwick Park Hospital, Harrow 


The ability of remifentanil to suppress the cortical and autonomic 
effects of intubation and incision was investigated. We examined 
the effect of remifentanil in combination with either propofol or 
isoflurane on the auditory evoked response (AER) and haemody- 
namic variables. The amplitude of the early cortical AER wave 
(Pa) has been shown to be a sensitive monitor of depth of anaes- 
thesia,! increasing in amplitude following laryngoscopy/intuba- 
tion?? and surgical incision. 

Twelve patients undergoing hernia repair or varicose vein 
surgery were randomized to receive either an inhaled anaesthetic 
using isoflurane or a total i.v. technique using propofol. In both 
cases this was accompanied by an infusion of remifentanil. 
Anaesthesia was induced with remifentanil 1 pg kg™? and propo- 
fol (mean 80 mg). Neuromuscular block was achieved with 
atracurium (0.6 mg kg~!) before intubation. In both groups the 
patients’ lungs were ventilated with an oxygen/air mixture. 
Remifentanil was administered as a continuous infusion of 0.5 ug 
kg! min“! reducing to 0.25 yg kg™! min7! 5 min after intuba- 
tion. Propofol was infused at 9 mg kg™! h~! reducing to 6 mg kg! 
h`! after 10 min. Isoflurane concentration was maintained at 
0.6% end-tidal. The AER, systolic pressure, diastolic pressure 
and heart rate were measured before and after intubation and 
incision to determine any changes in the cortical or autonomic 
response to these stresses. 
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The effects of intubation and incision on the AER and haemo- 
dynamic variables were not statistically significantly different 
between the remifentanil/propofol or remifentanil/isoflurane 
group. When the data for the two anaesthetic combinations were 
pooled the only significant effects were increases in the diastolic 
pressure and heart rate immediately after intubation (table 7). 
However, these were no longer seen 5 min after intubation. There 
were no cardiovascular responses to incision. There were no 
significant changes in the AER after intubation or incision. 


Table 7 Mean (95% CI) of haemodynamic variables (7=12). 
(*Post vs pre-intubation, P=0.035. }Post us pre-intubation, 
P=0.014) 


SBP (mm Hg) DBP (mmHg) HR (mm Hg) 
Pre-intubation 91 (82-100) 49 (43-55) 61 (56-65) 
Post-intubation 103 (93-112) 58 (52-64)* 69 (64-73)} 
Pre-incision 98 (88-107) 56 (50-62) 60 (55-65) 
Post-incision 96 (87-105) 58 (55-65) 62 (57-67) 





In previous studies increases in Pa of 36%, 53% and 60% 73 
were seen after laryngoscopy/intubation. An increase of 29% 
would be detected at the 5% level of significance (assuming a 
power of 80%) in this study. These results indicate that the potent 
opioid remifentanil in combination with either propofol (6 mg 
kg7! h7}) or isoflurane (0.6% end-tidal cone) can obrund the 
autonomic and early cortical effects of intubation and incision. 
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Effect of propofol on the electrocorticogram in patients 
undergoing cortical resection 


D. L. K. Cnvu*, P. B. Hewitt, C. E. POLKEY* AND C. BINNIE* 
UMDS Department of Anaesthetics, Guy’s Hospital, London and 
Academic Neurosciences Unit, King’s College School of Medicine & 
Dentistry, London 


It has been claimed that propofol can cause epileptic seizures 
despite contradictory evidence that it reduces the clinical effect of 
electroconvulsion therapy in psychiatry! and has anticonvulsant 
properties.? The aim of this study was to compare the effects of 
clinical doses of propofol with thiopentone on epileptiform activ- 
ity on the electrocorticogram (ECoG) in epileptic patients under- 
going cortical resection. 

Fifteen patients with longstanding epilepsy were premedicated 
with papaveretum 0.2-0.3 mg kg™! and hyoscine 0.4-0.6 ug kg7!. 
Anaesthesia was induced with i.v. thiopentone 3-7 mg ke™!. 
Neuromuscular block was produced with atracurium 0.5-0.6 mg 
kg! and maintained using an infusion of 0.3-0.5 mg kg"! h7}. The 
lungs were ventilated with 0.5-2% isoflurane in a mixture of 70% 
nitrous oxide and oxygen. The systolic blood pressure was main- 
tained >100 mm Hg and mean blood pressure >60 mm Hg by 
adjustment of inspired isofturane concentration and i.v. fluid 
administration. End-tidal carbon dioxide was 3.5-4.5 kPa and 
nasopharyngeal temperature 36.8-37.4°C. The drugs were admin- 
istered in a crossover fashion before cortical resection; thiopentone 
25 mg or propofol 20 mg was given i.v. every 30 s to a maximum of 
5 mg kg! or until burst suppression. The ECoG was recorded 
throughout the administration and 10 min thereafter. After return 
of baseline ECoG, the crossover administration was performed. 
‘The recordings were assessed by a neuroelectrophysiologist (C.B.). 
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Activation of the ECoG was defined as either an increase of 
spike waves from baseline > 3 per 10 s or extension which was 
defined as the development of spike waves in more than one new 
site. All ECoG became isoelectric in patients who were given 
propofol at or below 1 mg kg™!, while thiopentone administration 
up to 2.5 mg kg™! produced burst suppression (table 8). 


Table 8 Effect of propofol and thiopentone on activation and 
extension of spike waves in EcoG (No. of patients) 


Activation No activation Extension No extension 


Propofol 10 5 6 9 
Thiopentone 12 3 5 10 


Propofol and thiopentone both produced activation and had 
similar effects on the ECoG regarding topography and type of dis- 
charge. Propofol in the dose employed produced burst suppression 
more rapidly than thiopentone. Propofol did not cause more epilep- 
tiform activity than thiopentone did in epileptic patients undergoing 
cortical resection. Propofol uniformly induced isoelectic ECoG 
recording at 1 mg kg™! or less, that is a subclinical dose for induction 
of anaesthesia. Propofol can be used as an alternative to thiopentone 
for activation of the EcoG before cortical resection, but the bolus 
doses administered should be smaller than those used in this study.? 
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Comparison of the effects of halothane and isoflurane on 
the electroencephalogram of the horse 


C. B. JOHNSON*® AND P. M. TAYLOR 
Department of Clinical Veterinary Medicine, University of 
Cambridge, Cambridge 


In humans, halothane and isoflurane have both been shown to reduce 
median (F50) and spectral edge (SE95) frequency of the EEG and to 
abolish middle latency auditory evoked potentials (MLAEP). Despite 
these similar effects, most of the changes seen with isoflurane occur at 
concentrations below MAC, while progressive changes can be seen 
with halothane at concentrations up to approximately 2 MAC.! The 
EEG effects of these agents in the horse appear to be similar to those 
in humans,? but changes in F50, SE95 and MLAEP have not been 
directly compared. The aim of this study was to compare the EEG 
effects of isoflurane and halothane in the horse. 

Eight healthy Welsh Mountain ponies weighing between 270 
and 325 kg were anaesthetized on two separate occasions using i.v. 
thiopentone 10 mg kg~! without premedication. At least 2 weeks 
was allowed between subsequent anaesthetics in the same animal. 
On one occasion anaesthesia was maintained using halothane in 
oxygen and on the other isoflurane in oxygen. IPPV was adjusted 
to keep end-tidal carbon dioxide between 5.3 and 5.9 kPa. Arterial 
pressure was monitored using a cannula placed in the right carotid 
artery which had previously been raised to a subcutaneous posi- 
tion. End-tidal anaesthetic agent concentration was monitored 
using a piezoelectric agent monitor (Kontron agent monitor 7860). 

After 60 min of anaesthesia the end-tidal halothane or isoflurane 
concentrations were adjusted to 0.8% or 1.2% respectively corre- 
- sponding to just below MAC for each agent. When the end-tidal 
concentration had been stable for 10 min, 15 min of single channel 
EEG were recorded using a dedicated preamplifier with a built-in 
auditory stimulus generator (Alert system, Medelec). F50, SE95 and 
MLAEP were calculated from the EEG for sequential 1-min epochs. 
The second differential of the MLAEP (DD) was calculated in order 
to facilitate comparison. The recording process was repeated for 
1.0% and 1.2% halothane and 1.5% and 1.8% isoflurane corre- 
sponding to approximately 1.25 and 1.5 MAC. Normocarbia and 
the absence of hypoxaemia were confirmed from arterial blood gas 
samples taken at the beginning and end of each recording period. 
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There was a statistically significant reduction in SE95 at each 
subsequent end-tidal halothane concentration from 13.9 (2.6) Hz 
(mean (SD)) at 0.8% to 11.9 (1.1) Hzat 1.2%. In addition, the DD 
at 1.2% halothane (21 (6.5)) was significantly less than that at 
0.8% halothane (27.6 (11.4)). The only statistically significant dif- 
ference in the isoflurane data was an increase in SE95 from 10.2 
(1.5) Hz at 1.5% to 10.8 (1.6) Hz at 1.8%. The value at 1.2% was 
intermediate. There was a progressive increase in the incidence of 
burst suppression with increasing isoflurane concentration. No 
burst suppression was seen during halothane anaesthesia. The 
values of SE95, F50 and DD seen at all three isoflurane concen- 
trations were similar to those seen at 1.2% halothane. 

The EEG effects of halothane and isoflurane appear to occur at 
different concentrations of these agents in terms of multiples of 
MAC. 
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Topographic distribution of the bispectral index 


J. D. HALL* AND G. G. LOCKWOOD 
Department of Anaesthesia, Hammersmith Hospital, London 


The bispectral index (BIS) is a single numeric variable derived 
from a raw EEG signal. It is derived using an algorithm utilizing 
both linear and non-linear data and can therefore reflect changes 
in the phase, power and frequency of the EEG. The BIS is depen- 
dent upon the depth of anaesthesia and the degree of surgical 
stimulus. It has been used to predict movement at incision! and 
may be useful to detect awareness. Published studies have used 
lead arrangements (montages) which include electrodes within 
the hairline. These inhibit its introduction into clinical practice, 
but more convenient montages have not been validated and the 
BIS may be montage dependent. 

We have compared a clinically convenient bifrontal montage 
with a frontocentral montage for security of lead placement, 
impedance, signal quality and BIS values. Electrodes were placed 
at F,, Fp,, Fg, C3, C4 and mastoid. When F; and Fs lay inside the 
hairline, the electrodes were placed slightly medially. Frontal and 
mastoid sites were degreased with isopropanol, abraded with 
Nuprep (D.O. Weaver & Co., USA) and paediatric Ag/AgCl self- 
adhesive ECG electrodes (NiKo Medical Products) applied. The 
scalp was abraded with NuPrep and silver dome electrodes 
applied using Ten 20 (D.O.W) adhesive paste. The BIS and a 
signal quality index (SQI) were computed by an A-1000 EEG 
(Aspect Medical, USA) from the F,-Fp, and F,-Fp, pairs and 
from the F,-C, and F,-C, pairs. Anaesthesia was not controlled. 

Data were collected by computer every 15 s. The median SQI 
for each montage was calculated for each patient. The BIS for the 
two montages, excluding data associated with SQI<75%, were 
correlated. A manual note was made when an electrode needed 
replacement. The electrode impedances were recorded by the 
computer whenever an impedance check was requested during 
the case, commonly when resiting an electrode. The last imped- 
ance value only from such an episode was used in the analysis. 

Results are presented from 10 patients undergoing a variety of 
surgical procedures. The reliability of electrode replacement is 
summarized in table 9. The median SQI of the two montages 
were not significantly different. Excluding periods of poor signal 


Table 9 Reliability of electrode placement 





Electrode F, Fp, Fa Cy Cy, 





No. of replacements 
needed 0 4 0 9 11 
Median impedance (Q) 2050 2200 3500 1500 3800 
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quality, the correlation coefficient between the BIS calculated 
from the frontal and the frontocentral montages was 0.75. 

We conclude that a frontal montage provides a more convenient 
and secure EEG, but the BIS from the two sites may not be 
equivalent. 
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Assessment of frequency of audit of pain in day-case surgery 


P. D. Naison*, Z. P. KHAN AND M. WEISz* 
Department of Anaesthesia, St Mary’s Hospital, London 


Pain is a potent cause of patient dissatisfaction and is the single most 
important factor in the delay in returning to normal activity after day- 
case surgery.! In the USA, many day surgery units routinely contact 
patients by telephone to assess recovery after discharge.? The objec- 
tive of this study was to determine the incidence of assessment and 
audit of postoperative pain in day-case patients in the UK. 

Fifty schedule one hospitals, from the document “Recognition 
of hospital posts under the FRCA regulations”, were chosen at 
random. A telephone interview was conducted with a senior reg- 
istrar or consultant anaesthetist involved with day-case anaes- 
thesia in the selected hospital. It was possible to obtain completed 
questionnaires from all 50 hospitals. 

All the hospitals performed day case surgery, although only 42 
(84%) had separate day-care facilities. There was a consultant anaes- 
thetist in charge of day-case anaesthesia in 26 (52%) of the hospitals, 
although only one of these had no separate day-care facilities. 

Some method of assessing pain was used in 32 (64%) of the 
hospitals before discharge, though the majority of these (17) used 
an informal, bedside assessment. Of the units which used a formal 
type of in-hospital assessment, most (12) used a pain score out of 
4 or 10. The other units (3) used a visual analogue score (VAS). 
By contrast, 36 (72%) of the hospitals did not routinely assess 
postoperative pain after discharge from hospital. Of the minority 
that did, most (7) phoned the patients at home on the night of 
surgery, while some (4) asked the patients to fill in a questionnaire 
and the others (3) had a nurse visit the patients at home. 

Of the 50 hospitals, audit of postoperative pain was performed 
in 20 (40%) of the units before discharge, and in 23 (46%) of the 
units once the patients had returned home. 

Those hospitals with a consultant responsible for day-case 
anaesthesia were more likely to perform audit, both in-hospital 
(17) and after discharge (15), than those units with no designated 
consultant (corresponding figures 3 and 8 respectively). 

Audit is the means by which we can assess the incidence of pain 
after day-case surgery and then close the loop by improving clinical 
practice in order to reduce the incidence of this complication. 
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Respiratory depression following morphine and alfentanil 
in combination 
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Patient-controlled analgesia could be improved if rapid onset 
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analgesia followed the bolus administration but with a morphine- 
like duration of action. The equipotent dose ratio of morphine to 
alfentanil has been quoted as 10-15:1.! 

Thirty consenting ASA I and II patients, aged 19-71 presenting 
for body surface surgery were studied in three groups of 10. All 
were anaesthetized with propofol, laryngeal mask and sponta- 
neous respiration with isoflurane through a Lack circuit. Fresh gas 
flow was adequate to ensure there was no rebreathing. 

All patients were routinely monitored in addition to end-tidal 
carbon dioxide (Datex Capnomac Ultima), computed minute 
volume (CMV) and respiratory rate (Mercury Computing 
Spirometer CS7) recording onto chart recorders. When stable 
respiration was established, patients were given an i.v. bolus of 
morphine 2 mg, alfentand 0.2 mg or a mixture of both, via a 
syringe driver over 1 min. Recording was continued for a further 
15 min after which anaesthesia was deepened before surgery. 

Mean age (55.9, 46.6, 49.6 yr), weight (74.5, 75.1, 83.1 kg), and 
sex distribution was similar in all groups. After drug administration, 
there was a slow reduction in CMV in the morphine group which 
had reached a plateau by the end of the recording, whereas the 
alfentanil group showed a rapid decrease, maximal at 2 min, there- 
after returning towards baseline. The combination group also 
showed a rapid decrease maximal at 2.5 min, thereafter similar to 
the morphine group (fig. 3). Mean end-tidal carbon dioxide rose by 
4 mm Hg at 12 min, 5 mm Hg at 5 min and 6 mm Hg at 12 min, 
respectively for the three groups, and respiration rate decreased by 
2 bpm at 12 min, 6 bpm at 3 minutes and 7 bpm at 5 min. 


A Drug 
administration 


















Time (min) 
0 12 3 4 5 6 7 8 § 10 11 12 13 14 

10 

> 20 

= 

(8) 

£ 30 

i] 

a 

@ 40 

Tae 

8 50 è Alfentanil 

x a Morphine 
so a Combination 
70 


Figure 3 Mean percentage change in computed minute volume 
(CMV) and range. 


Although the maximal carbon dioxide increase in the combina- 
tion group was higher, the maximal changes in respiration rate 
and CMV were not markedly greater in the combination group 
than with alfentanil alone. The delivery of the drugs over 1 min 
was to simulate patient-controlled analgesia (PCA) administra- 
tion. Our morphine dose was twice the commonly used PCA 
bolus to emphasize the respiratory effects. The objective of rapid 
analgesic effect? (implied by respiratory changes) without over- 
shoot would have been better achieved with a lesser alfentanil 
ratio, although we cannot directly relate our findings to the awake 
patient. 


Key words 
Analgesics opioid, alfentanil. Analgesia, patient-controjled. 


Acknowledgement 


We thank Dr P.W. Duncan who facilitated funding for the 
research fellowships from NHS sources 


References 
1. Lehmann KA. Advances in Pain Research and Therapy 1991; 


18: 481-506. 
2. Black TE, Kay B, Healy TE]. Anaesthesia 1984; 39: 546-548. 


Proceedings of the Anaesthetic Research Society 


Thoracic extradural infusions for pain after thoracotomy: 
are fentanyl-bupivacaine mixtures better than fentanyl 
alone? 


S. V. Manon’, P. D. BERRY*, S. THOMAS, K. MILis*, M. 
JACKSON*, A. SOORAE*, S. H. PENNEFATHER* AND G. N. RUSSELL* 
Department of Anaesthesia, The Cardiothoracic Centre, Liverpool 


Thoracic fentanyl extradural analgesia has been shown to provide 
better postoperative lung function and shorter hospital stay than 
i.v. fentanyl and lumbar fentanyl extradural analgesia for patients 
after thoracotomy.! The quality of fentanyl extradural analgesia 
may be improved by the addition of low dose bupivacaine 
although the benefits or otherwise of this technique remain 
unclear. 

A randomized double-blind clinical trial was conducted on 106 
patients scheduled for resection of lung tissue via thoracotomy. 
Preoperatively, patients had an extradural catheter inserted at the 
T5-6 or T6~7 intervertebral space and received a test dose of 3 ml 
0.5% bupivacaine with 1 in 200 000 adrenaline. All patients 
received general anaesthesia for their procedures. The study 
extradural solution contained 0, 0.1 or 0.2% bupivacaine’in com- 
bination with fentanyl 10 pg ml~!. Intraoperative analgesia was 
provided by a 5-10-ml bolus of extradural solution delivered 
before surgical incision followed by an infusion of between 5 and 
10 ml h`? according to clinical requirements. Postoperatively, 
infusion rates were adjusted and boluses given according to anal- 
gesic requirements and occurrence of side effects. Analgesic ade- 
quacy at rest and during movement was assessed at 2, 4, 8, 16 and 
24 h. All patients received continuous invasive haemodynamic 
monitoring in an HDU environment for up to 24 h with variables 
archived at 5-min intervals. Any episodes of respiratory depres- 
sion, nausea, neurological deficit and pruritus were recorded. 
Analgesic efficacy was assessed using visual analogue scores 
(VAS), an observer/verbal ranking scale (OVRS) and by the total 
extradural solution used. 

After patient exclusion, 95 sets of data were available for analy- 
sis. An analysis of outcome variables was performed for each time 
point using the Kruskal-Wallis analysis of variance. A P value of 
<0.1 prompted pairwise exploration using the Wilcoxon rank sum 
test. There was a difference in the pain scores at the 2-h (first) 
measurement time only with higher pain scores in the fentanyl 
alone group (table 10). Otherwise, there were no between-group 
differences in pain scores or in the total amounts of extradural 
solution used. There were no between-group differences in the 
number of episodes of hypotension or in the number of interven- 
tions for hypotension. However, the use of intraoperative vaso- 
pressor and the incidence of neurological complications were 
significantly higher in the 0.2% bupivacaine group. We conclude 
that in the early postoperative period, the addition of bupivacaine 
0.1% improves fentanyl thoracic extradural analgesia without 
increasing the incidence of side effects. 


Table 10 P values for differences in pain scores at 2 h 
(F= fentanyl alone; FB1 = fentanyl and bupivacaine 0.1%; _ 
FB2 = fentanyl and bupivacaine 0.2%) 


F us FBI F vs FB2 FB1 os FB 
VAS 0.03 0.08 0.6 
VAS with cough 0.01 0.02 0.88 
OVRS 0.07 0.03 0.55 


Key words 
Analgesic techniques, extradural. Analgesics opioid, fen- 
tanyl. 
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Propofol protects rat hepatocytes against an oxidant stress 


V. U. NAVAPURKAR®, D. K. MENON AND J. G. JONES 
University Department of Anaesthesia, Addenbrooke’s Hospital, 
Cambridge, and Peterborough District Hospital 


Propofol (2, 6-diisopropylphenol) is an i.v. anaesthetic agent with 
antioxidant properties.! Using rat hepatocyte suspensions we inves- 
tigated whether pretreatment with propofol protected nucleated 
cells against an oxidant stress. The oxidant used was AAPH (2,2’- 
azobis (2-amidinopropane) dihydrochloride). This is a water-solu- 
ble free radical generator which produces maximal cell death in rat 
hepatocytes when used in a 50 mmol litre“! concentration.” 

Healthy, adult male Sprague-Dawley rats were killed and hepa- 
tocyte suspensions (2% 10° cells ml~!) prepared using the two-step 
collagenase perfusion technique. The initial percentage of viable 
hepatocytes was measured using the Trypan blue exclusion test. 
Hepatocyte suspensions (3 mI) were incubated and oxygenated in 
a shaking waterbath at 37°C with propofol (5 ug ml~!) plus AAPH 
(50 mmol litre7!) (n = 7), AAPH (50 mmol litre~!) alone or, in a 
separate experiment, with 10% Intralipid (0.5 p1 ml~}) plus AAPH 
(50 mmol litre7!) ( = 6). Each experiment had untreated control 
suspensions. Viabilities were measured again at 1, 2 and 3h. 

Control cells showed a decrease in viability with time. The addi- 
tion of AAPH reduced the viability compared with control at all 
time points (P<0.0001). Pretreatment with propofol significantly 
reduced this effect at 1 h (P=0.0013) but no effect was observed 
with Intralipid pretreatment at any of the time points (fig. 4). 
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Figure 4 Survival of isolated rat hepatocytes with time in 
different treatment groups (see text). Bars indicate SEM. 


Clinically relevant concentrations of propofol protect rat hepato- 
cytes from an oxidant stress. To our knowledge this has not been 
demonstrated in nucleated cells before. Propofol may exert its effect 
in the cell membrane by limiting oxidant mediated lipid peroxida- 
tion although other intracellular mechanisms may also be involved. 
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Anaesthetics i.v., propofol. 
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Effects of post-injury MK-801 on behaviour and 
neuropeptides in the spinal cord dorsal horn of the 
mononeuropathic rat 
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In the mononeuropathic rat, loose ligation of the sciatic nerve 
causes loss of the neuropeptides substance P (SP) and calcitonin 
gene-related peptide (CGRP) in laminae 1-2,! and an increase in 
neuropeptide Y (NPY) in laminae 34? of the ipsilateral dorsal 
horn. Only the increase in NPY has been shown to correlate with 
the hyperalgesia that develops in this model,? and pre-emptive 
administration of MK-801 can delay both the development of 
hyperalgesia and inhibit the increase in laminae 3—4 NPY.? In this 
study we have investigated the effect of post-injury MK-801, 
administered after the mechanical hyperalgesia is established, 
upon behaviour and neuropeptide expression in the spinal cord 
dorsal horn. 

Sciatic nerve ligation or sham operation was performed under 
isoflurane anaesthesia and animals were allowed to recover for up 
to 55 days. Animals received MK-801 0.3 mg kg~! (MK group) 
or equivalent volumes of saline (saline group) by s.c. injection on 
days 28-34 after operation. Paw withdrawal thresholds to 
mechanical stimulus were quantified at 14, 35 and 55 day time 
points, after which the animals were killed and quantitative pep- 
tide fluorescent immunohistochemistry was used to analyse the 
L45 spinal cord. Data were analysed by ANOVA with 
Bonferroni-Dunn correction and are expressed as mean (SEM). 

Ligated animals were hyperalgesic when compared with shams 
at 14 days and hyperalgesia persisted unchanged in the saline 
group to 55 days. MK-801 reduced hyperalgesia at 35 days 
(P=0.015), but by 55 days the hyperalgesia scores in MK-801 
treated animals were indistinguishable from the saline group. 

Ligated animals showed a significant loss (25-35%) of laminae 
1-2 SP and CGRP at 35 and 55 days compared with shams. MK- 
801 had no significant effect upon CGRP at any time point. MK- 
801 attenuated the loss of SP at 35 days (P=0.048) but had no 
effect at 55 days. Ligated animals showed ipsilateral increases in 
laminae 3—4 NPY of 172.3 (24.9)%, 97.1 (11.2)% and 78.3 
(8.0)% at 14, 35 and 55 days respectively; these increases were 
highly significant when compared with equivalent shams. MK- 
801 treatment attenuated the laminae 3-4 increase in NPY (50.3 
(12.9)%) at 35 days when compared with saline group (P=0.03); 
attenuation was more marked at 55 days (14.4 + 4.4% increase: 
P<0.0001 vs ligated saline group) and laminae 3-4 NPY at this 
time point did not differ from equivalent MK-group shams. 

Therefore, post-injury treatment with MK-801 has only 
transient effects upon hyperalgesia and neuropeptides SP and 
CGRP, but has long-lasting effects upon the novel NPY expres- 
sion in laminae 3—4 of the ipsilateral dorsal horn. While laminae 
3—4 NPY correlated with hyperalgesia at 35 days in the MK- 
group as previously observed with pre-emptive MK-801,? no cor- 
relation was evident at 55 days after ligation. This suggests that 
persistent elevation of laminae 3—4 NPY is not essential to the 
maintenance of pain behaviour in this model of neuropathic pain. 
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Effect of combining tramadol with piroxicam for analgesia 
after total hip replacement 


S. ECKERSALL*, D. BOSE* AND F. DORMAN* 
Department of Anaesthesia, Lister Hospital, Stevenage 


Tramadol! has been compared favourably with standard opioids for 
the control of postoperative pain.! The purpose of this study was 
to see whether combining the NSAID piroxicam with tramadol for 
postoperative analgesia after total hip replacement would reduce 
both the amount of tramadol needed to provide analgesia and the 
incidence of nausea and vomiting associated with tramadol. 
Thirty ASA I-I] patients scheduled for total hip replacement 
were randomized to receive either a 20-mg piroxicam melt (group 
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A) or a placebo (group B) orally preoperatively. Anaesthesia was 
induced with fentanyl (1-2 pg kg~}) and propofol (1-2 mg kg™!). 
The airway was controlled with a laryngeal mask for spontaneous 
ventilation or tracheal tube for controlled ventilation (intubated 
with 0.5 mg kg™! vecuronium). After induction, the patients 
received a subarachnoid injection of 12.5 mg of hyperbaric bupi- 
vacaine 0.5% at the level of L3—4. Anaesthesia was maintained 
with a mixture of 60% nitrous oxide and 40% oxygen with 
0.1-1.5% isoflurane. In recovery, the patients were connected to 
a PCA device containing tramadol 500 mg . Pain was assessed 
hourly using a verbal rating scale (1-5) and the dose of tramadol 
used was noted. Patients were allowed to receive 10 mg of mor- 
phine i.m. if their pain score was 3 or greater. The occurrence of 
nausea and vomiting and the use of morphine were also recorded. 
The groups were comparable for age, sex and weight. Data were 
analysed using Student’s ¢-test and chi-square analysis. The mean 
dose of tramadol used by 12 and 18 h was significantly less in group 
A than group B. The number of patients requiring supplemental 
morphine and those complaining of nausea and vomiting were also 
significantly less in group A. Table 11 shows the results. 


Table 11 Doses of tramadol (mg) (SEM) used to control 
pain.(*P < 0.05 compared with group A (Student’s t-test); 
+P < 0.01 compared with group A (chi-square test); 

TEP < 0.05 compared with group A (chi-square test)) 





Group A (n=15) Group B (n=15) 

Mean dose used by 6 h 182.6 (20.07) 203.3 (29.2) 
Mean dose used by 12 h 278.5 (22.8) 361.3 (23.2)* 
Mean dose used by 18 h 372.3 (30.2) 454.6 (18.7)** 
No. requiring supplemental 

morphine 1 10H 
No. complaining of nausea 

(vomiting) 3 (0) 9 (DF 


Combining tramadol and piroxicam appears to reduce the dose 
of tramadol needed to provide postoperative analgesia and the 
incidence of nausea and vomiting. 


Kəy words 
Pain, postoperative. Analgesics, tramadol. Analgesics non- 
opioid, piroxicam. Surgery, total hip replacement. 
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Ambulatory extradural analgesia in labour reduces risk of 
Caesarean section 


A. E. May* anD C. D. ELTON 
Department of Anaesthesia, Leicester Royal infirmary, Leicester 


Extradural analgesia in labour with plain solutions of bupivacaine 
results in unwanted motor block precluding ambulation. Such 
extradurals have been associated with an increased incidence of 
Caesarean section.! It has been suggested that maintenance of the 
upright posture in labour is advantageous.? A combined spinal 
extradural (CSE) technique has been described? which delivers 
acceptable analgesia while maintaining ability to ambulate in 
labour. We describe preliminary results of work in progress to 
assess the benefits of maintaining mobility in labour. 

Informed consent was obtained from 67 women who were ran- 
domly allocated to two groups. 

In group | a lumbar extradural catheter was sited. A test dose of 
50 mg of lignocaine in 2.5 ml was followed by 25 mg bupivacaine 
in 10 ml. When pain returned further extradural doses of 25 mg of 
bupivacaine were administered as required 

In group 2 a Sprotte spinal needle (24-gauge, 120 mm) was 
inserted through a 16-gauge Tuohy extradural needle. Bupi- 
vacaine 2.5 mg and fentanyl 25 ug were injected into the cerebro- 
spinal fluid. An extradural catheter was then threaded. Extradural 
doses of 20 pg of fentanyl and 10 mg of bupivacaine in 10 ml were 
administered when pain returned. 
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Half hourly pain scores, arterial pressure and mobilization were 
recorded throughout subsequent labour and delivery. Mode of 
delivery was recorded at follow up. 

The two groups were comparable for age, parity and pain score. 
No patient in group 1 was able to ambulate whereas all patients in 
group 2 walked at some time in labour. 

There was a significant increase in Caesarean section rate in 
patients in group 1 (plain bupivacaine group); chi-square 
test=3.89; P<0.05 (table 12). 

This study suggests that CSE is associated with a lower risk 
of Caesarean section than a conventional extradural technique. 
However, further studies need to be performed to confirm 
these findings and allow more detailed assessment of the tech- 
nique. 


Table 12 Results. (CSE=combined spinal extradural technique) 


Vaginal delivery 
Group (spontaneous or instrumental) Caesarean section 
Group 1 26 11 
Group 2 (CSE) 27 3 
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An explanatory model for postoperative vomiting after 
gynaecological surgery 


A. SABRINE*, J. Morris* AND M.C. BELLAMY 
Department of Anaesthesia, St James’s University Hospttal, Leeds 


Postoperative nausea and vomiting (PONV) is a common event in 
gynaecology patients. Identifying in advance those most likely to 
vomit should allow targeting of treatment to increase safety and 
effectiveness. We have therefore studied pre- and intraoperative 
factors potentially predictive of postoperative vomiting. 

We have collected data 48 h after operation on patients under- 
going major gynaecological surgery. Information was obtained 
by review of case notes, prescription sheets and direct patient 
questioning. Postoperative vomiting (PV) and nausea were 
graded as present or absent; subjective questions regarding 
severity of symptoms were not asked. A number of potential cor- 
relates of outcome were considered: age, weight, preoperative 
arterial pressure, history of PV, open or laparoscopic procedure, 
presence of a nasogastric tube, use of nitrous oxide, use of 
total i.v. (propofol) anaesthesia, maximum change in arterial 
pressure, intraoperative fluid administration, perioperative 
antiemetic, administration of ondansetron, duration of surgery, 
cumulative morphine dose, presence or absence of droperidol 
added to morphine in the patient-controlled analgesia system 
(PCAS). Logistic regression analysis was applied to suggest 
predictors of PV. 

We recorded data for 103 patients; 31% (22.1-39.9%, 95% 
confidence interval) suffered from PV. Nausea was found to 
be too imprecise and too common an end point (64% 
(54.7~-73.3%)) and so was not analysed further. We suspected 
an interaction between ondansetron administration and PCAS 
droperidol; a compound variable was derived (Anaes) which 
was a significant predictor and improved the accuracy of the 
model: 

Logit (p) = 8.45 (if open surgery) — 8.9724 + 1.8853 (pmh of 
PV) — 2.2436 (droperidol in PCAS) + 2. 0343 (anaes) — 1. 95 (if 
NG tube) — 1.59 (if ondansetron) 

The overall accuracy of the model was 77.55% (P<0.0001) 

We have described pre- and intraoperative factors correlating 
with postoperative vomiting after major gynaecological surgery. 
Interestingly, antiemetics, nitrous oxide and total dose of 
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morphine seem not to be significant prognostic indicators. 
These may become significant in a larger data set. In our model 
the most significant factors in predicting vomiting appeared to 
be a history of PV and use of droperidol in the PCAS. An odds 
ratio calculation could be performed for each case according to 
our equation. Patients could thus be predicted as “will not 
vomit” or “don’t know” (4% (0-9%) ws 40% (23-57%) risk of 
PV), and “high risk” patients targeted with specific antiemetic 
therapy. A favourable odds ratio would suggest a very low risk 
of vomiting and so antiemetics could be withheld saving money 
and avoiding potential drug side-effects. 


Key words 
Nausea, postoperative. 
ondansetron. 
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Laryngeal mask airway is associated with reflux in the 
Hthotomy position 


C. McCrory* AND A. J. MCSHANE 
Department of Anaesthesia and Intensive Care, St Vincent’s 
Hospital, Dublin 


The introduction of the laryngeal mask airway (LMA) to anaes- 
thetic practice has reduced the use of face masks and tracheal 
tubes. The LMA may increase the incidence of gastro- 
oesophageal reflux,? and lower oesophageal sphincter tone poten- 
tiating regurgitation.? We investigated both the incidence of 
regurgitation associated with use of the LMA during general 
anaesthesia, and whether the LMA protected the larynx if regur- 
gitation occurred. 

Hospital Ethics Committee and patient consent were 
obtained. Twenty patients were included and a standardized 
anaesthetic technique employed. Two pH electrodes, one in 
the upper oesophagus, 20 cm from the anterior nares and 
one passed down the LMA, exiting at the aperture portion of 
the LMA and being fixed there, were connected to a 
Digitrapper which continuously recorded pH. A pH drop to <4 
was defined as reflux. After induction of anaesthesia the 
oesophageal electrode was inserted followed by the LMA 
with electrode. The pH was recorded for the duration of the 
procedure. 

Oesophageal reflux occurred in 12 patients (60%) and the 
LMA electrode detected reflux in four of these cases. These four 
patients were in lithotomy position and experienced multiple 
refluxes (>2). Three further patients were in lithotomy and all 
experienced oesophageal reflux. Five supine patients refluxed, 
three being multiple (table 13). No reflux occurred in the first 5 
min of monitoring. 


Table 13 Reflux characteristics of the supine and lithotomy 
positions 


Reflux 
Oesophageal anterior Multiple 
No. reflux to LMA reflux 
Supine 13 5 0 4 
Lithotomy 7 7 4 5 


Use of the LMA is associated with a high incidence of reflux. 
Used in the lithotomy position it was found always to cause reflux 
and in addition refluxed material was found anterior to the LMA 
in four out of seven patients increasing the risk of aspiration. 
Regurgitated material passing anterior to the LMA may cause 
aspiration, and this study suggests there is a risk of aspiration in 
20% of cases where the LMA is used. 


Keywords 
Equipment, laryngeal mask. Complications, regurgitation. 


References 


1. Owens TM, Robertson P, Twomey C, Doyle M, McDonald 
N, McShane AJ. Anaesthesia and Analgesia 1995; 80:980-984. 

2. Rabey PG, Murphy PJ, Langton JA, Barker P, Rowbotham 
DJ. British Journal of Anaesthesia 1992; 69:346-348. 


694P 


Effects of 5-hydroxytryptamine on the partially curarized 
rat phrenic nerve diaphragm preparation 


A. T. HINDLE AND P. M. HOPKINS 
Academic Unit of Anaesthesia, General Infirmary at Leeds 


5-Hydroxytryptamine has significant effects on the skeletal 
neuromuscular junction. Previous studies have demonstrated that 
5-HT causes facilitatory and depressant effects upon the twitch 
responses of skeletal muscle in a number of animal models when 
stimulated at resting rates of stimulation.! ? These studies utilized 
millimolar concentrations of 5-HT. Micromolar concentrations 
have been shown to facilitate twitch responses after a tetanus, but 
not at resting rates of stimulation in the indirectly stimulated 
diaphragm.? We decided to evaluate the potential modulatory 
effects of low concentrations of 5-HT on the rat hemidiaphragm 
at resting rates of stimulation in a partially curarized preparation. 

Phrenic nerve diaphragm preparations were removed from male 
Wistar rats and suspended in an 18-ml tissue bath containing Krebs 
Henseleit solution, maintained at a temperature of 37°C and oxy- 
genated with oxygen/carbon dioxide mixture (95%/5%) throughout 
the experiment. Both hemidiaphragms were pretensioned to 4 g rest- 
ing tension and indirectly stimulated with supramaximal square 
wave pulses using a 2-ms delay between pulses, a 0.5-ms pulse width 
and 0.3 Hz rate of stimulation. After an equilibration period, D- 
tubocurarine was added cumulatively in stepwise increments until 
all twitch responses were abolished. The concentration which pro- 
duced 50% block of the twitch response was calculated (ECs). The 
preparation was exposed to a wash cycle and allowed to re-equili- 
brate. The ECs» of tubocurarine was added to both hemidiaphragms 
until a stable twitch response was attained (control twitch height). 5- 
HT was then added in the following concentrations (0, 12.5, 25, 50, 
100, 200 and 400 nmol litre~') allowing the twitch responses to 
stabilize between each concentration. Equivalent volumes of a con- 
trol solution (Krebs) were added to the contralateral hemidiaphragm 
which acted as a time-matched concurrent control. The twitch 
response to 5-HT was expressed as a ratio over the control twitch 
height. The ratios were plotted against time and the area under the 
curve (AUC) calculated. The AUCs for test and control hemid?+ 
aphragms were compared by paired t-test analysis accepting a 5% 
significance level. The mean AUC for test (3327 mm?) and control 
(4102 mm*) were significantly different (P = 0.003) (fig. 5). 
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Figure 5 Effects of 5-HT on partially curarized hemidiaphragm. 
Data points consist of mean and SEM and represent depression in 
twitch height with increasing concentration of 5- HT (”=7). 


We have shown that the addition of low concentrations of 5-HT 
to the indirectly stimulated rat diaphragm preparation causes a 
depression in twitch height. This is the first demonstration that 5- 
HT potentiates the action of curare in an în vitro model and gives 
further evidence of the neuromodulatory role of 5-HT at the 
neuromuscular junction. Further studies are required to identify 
the site of action of 5-HT. 


Key words 
Serotonin, 5-hydroxytryptamine. Rat. Muscle, skeletal, 
diaphragm. 


British Journal of Anaesthesia 
References 


1. Teerapong P, Harvey AL. Scandinavian Journal of 
Pharmacology 1979; 57: 329-334. 

2. Dretchen K, Shanheim MM, Lang JP. European Journal of 
Pharmacology 1972; 18: 121. 

3. Hindle AT, Hopkins PM. Bnush Journal of Anaesthesia 1994; 
74: 483P. 


Bispectral index is a state-specific measure of cortical 
arousal 


I. K. Drrver*, B. J. WATSON*, D. K. MENON, S. K- 
AGGARWAL* AND J. G. JONES 

University Department of Anaesthesia, Addenbrooke’s NHS Trust, 
Cambridge 


The bispectral index (BIS) has been developed by Aspect 
Medical Systems as a monitor of the hypnotic state of the 
brain in patients receiving anaesthetic and sedative drugs. BIS 
has been shown to correlate with responsiveness under sedation 
and anaesthesia with a variety of agents.'? This study 
was designed to investigate whether BIS might provide 
useful information about cortical arousal in other brain 
states. 

We monitored BIS (channels 1 and 2) in three groups of 
subjects. Group A were patients receiving general anaesthesia for 
routine surgery (n = 6), Group B were sleeping volunteers (n = 6) 
and Group C were unsedated subjects recovering from severe 
head injury (n = 5). Unprocessed EEG was used to confirm sleep. 
After a period of baseline measurement, we observed the response 
of BIS to an auditory stimulus, followed by a noxious stimulus 
(pharyngeal stimulation), in groups A and C. In group B, only 
the response to an auditory stimulus was monitored. Data 
were analysed using paired and unpaired Student’s t-test as 
appropriate. 

The “awake” BIS was lower in group C (46.0 (5.7), mean (sp)) 
when compared with the other two groups (93.6 (1.5) and 92.8 
(1.4) in groups A and B respectively, P <0.01). There was a 
significant reduction in BIS after induction of anaesthesia in 
group A (P < 0.01) and with the onset of natural sleep in group B 
(P < 0.02). There was no significant difference between the three 
groups with respect to the minimum BIS (see fig. 6). The BIS in 
group A, was unaffected by the auditory stimulus and increased 
minimally after the noxious stimulus. Volunteers in group B were 
woken by the auditory stimulus with rapid return of BIS to 
pre-sleep levels. The response to stimulus in group C was 
inconsistent and set against a background of greater spontaneous 
baseline variability. 
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Figure 6 Minimum bispectral index (mean (sp) recorded vs 
group. 


Our results demonstrate that a low BIS may occur with sleep, 
anaesthesia and head injury. While BIS demonstrates potential as 
a measure of cortical arousal in a variety of brain states, values 
should only be interpreted with adequate knowledge of the 
clinical context. 
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Effects of i.v. anaesthetics and lipid solutions on 
polymorphonuclear leucocyte chemotaxis in vitro 


M. LEUWERI, J. HEINE*, D. SCHEINICHEN*, K. JAEGER*, S. 
PIEPENBROCK*, AND A. EMMENDORFFER* 

Department of Anaesthesiology, Hannover Medical School and 
Department of Immunobiology Fraunhofer Institute, Hannover 
Germany 


Anaesthetic agents may impair the chemotaxis of polymorphonu- 
clear cells.!? In the present study we investigated the effects of 
propofol, thiopentone, methohexitone, midazolam and etomidate 
in a propylene glycol (Hypnomidate) and a lipid preparation 
(Etomidat-Lipuro) on N-formyl-methionyl-leucylphenylalanine 
(FMLP)-induced chemotaxis. Additionally, the lipid carriers of 
propofol (Intralipid 10%) and of Etomidat-Lipuro (Lipofundin- 
MCT 20%) were tested. 

After Ethics Committee approval heparinized peripheral blood 
was drawn from 30 healthy blood donors. Chemotaxis test was 
performed as described elsewhere.? Briefly, the heparinized blood 
was mixed with HES (2:1) to enforce sedimentation of erythro- 
cytes. After 30-min incubation the leucocyte-enriched super- 
natant was harvested and washed twice with phosphate-buffered 
saline (10 min, 250 g, 4°C). The remaining erythrocytes were 
lysed by using equal volumes of 0.83% ammonium chloride solu- 
tion. After an additional washing, cells were counted and adjusted 
to 108 mi7! neutrophil granulocytes. For each tested drug 1 ml of 
the remaining cell suspension was incubated with the respective 
anaesthetic or 10-fold anaesthetic plasma concentration. 
Additionally, the Intralipid quantities (0.6 and 6 ul mi~!) which 
are carrying the anaesthetic and 10-fold anaesthetic propofol con- 
centration and the same quantities of Lipofundin were studied. 
Random and chemotactic locomotion of the neutrophils in an 
agarose assay towards a gradient of FMLP (2107? mol litre!) 
was investigated after a 3-h period of migration. After fixation and 
staining the migration towards FMLP and in the opposite direc- 
tion was measured. The difference of the distances was consid- 
ered to be specific migration. Student’s t-test was applied for the 
evaluation of differences. 

Specific migration was decreased by thiopentone at both con- 
centrations (400 pg ml~! : 0.13 (0.31); 40 pg ml~!: 1.21 (0.34)) 
and by propofol at the 10-fold anaesthetic concentration (60 pg 
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mi~! : 1.19 (0.38)). No statistically significant effects on chemo- 
taxis were caused by the other i.v. anaesthetics and the lipid solu- 
tions (fig. 7). 

These results show that thiobarbiturales in contrast with oxy- 
barbiturates cause a marked concentration-related inhibition of 
polymorphonuclear cell chemotaxis. The inhibition of migration 
by propofol in the 10-fold anaesthetic concentration may not be 
due to its lipid carrier Intralipid whose corresponding concentra- 
tion had no effect. Also, equivalent quantities of Lipofundin 
MCTYLCT did not suppress chemotactic migration. Neither the 
propylene glycol nor the lipid preparation of etomidate influenced 
polymorphonuclear cell chemotaxis. 


Key words 
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S-100 concentrations during hypothermic and 
normothermic cardiopulmonary bypass 


D. Harris*, F. Gao, J. Witson*, S. SAPSED-BYRNE*, P. 
SMITH* AND K. TAYLOR* 

Departments of Anaesthesia and Cardiothoracic Surgery, 
Hammersmith Hospital, London 


The new assay for B B, and a B units of S-100 (Sangtec 100, 
Sangtec Medical) is a specific marker of glial cell damage, and is 
raised in patients with major neurological damage. Cardio- 
pulmonary bypass (CPB) is associated with neuropsychometric 
damage in up to 80% of patients. CPB used to be performed at 
hypothermia (32°C), but oxygen saturation in the jugular bulb 
decreases during rewarming indicating possible cerebral ischaemia. 
Recently normothermic CPB (37°C) has been proposed to avoid 
the problems of rewarming, but this removes the known protective 
effect of hypothermia against brain damage after ischaemia. It is not 
yet established whether normothermic CPB improves or worsens 
cerebral outcome compared with hypothermia; serum Sangtec 100 
could be useful in assessing the cerebral effects of CPB. We com- 
pared the concentrations of S-100 in 15 patients randomized to 
normothermic (7) and hypothermic (8) CPB. Eight samples were 
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Figure 7 Results expressed as the mean distances (mm (SEM)) covered by polymorphonuclear cells during specific migration in the 
presence of the tested drugs in comparison with the control. (*P<0.05.) 
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Figure 8 Sangtec 100 concentrations (mean (1 sD)) after 
cardiac surgery. 


collected from the central venous catheter before incision, before 
bypass, after 30 min CPB, before the end of CPB, 10 min , 60 min 
and 8 h after CPB, and + 1 day after operation. Samples were spun 
and the serum frozen for later analysis. Results are shown in figure 
8, and statistical comparisons were made by t-tests. 

S-100 concentrations were increased after rewarming (1.88 ug 
ml™!, P = 0.003) and 10 min after bypass (1.93 pg ml~'), and 
returned to baseline by 1 day after the operation. Sangtec 100 
levels were significantly lower at CPB + 10 min (P = 0.052) and 
returned to baseline 1 h after CPB. 

We conclude that CPB produces an increase in S-100 indicat- 
ing possible mild cerebral damage, but this returns to normal 1 h 
after the operation. Normothermic bypass produced a smaller 
increase in S-100 than hypothermic CPB, but we need to 
establish whether these small, transient increases in S-100 are 
associated with significant neuropsychometric damage. 


Key words 
Heart, cardiopulmonary bypass. Nerve, tissue. Protein, S- 
100. Blood. 


Comparative effects of halothane, isoflurane and 
pentobarbitone on calcium currents in identified 
molluscan neurons 


T. J. Morris*, P. M. HOPKINS AND W. WINLOW 
Departments of Physiology and Anaesthesia, University of Leeds 


Anaesthetics have been shown to depress calcium currents in 
pedal I cluster neurons of the pond snail Lymnaea stagnalis.! Here 
we show the comparative effects of halothane, isoflurane and the 
barbiturate pentobarbitone on barium currents recorded from 
identified neurons in the whole brain of Lymnaea stagnalis using 
the two electrode voltage clamp technique. 

Snail brains were prepared in snail saline as described previ- 
ously.? The external solution was then switched to one containing 
the following (mmol litre™!): tetraethylammonium, 30; 4- 
aminopyridine, 10, Mg%, 1.5; Cs*, 2; Ba?*, 10; Na*, 6.5; Br”, 30; 
Cl, 23; pyruvate, 10; glucose, 5; adjusted to pH 7.8, and allowed 
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Figure 9 The normalized of peak current amplitudes are plotted 
against relative drug concentration: Isoflurane and halothane are 
at 1, 2 and 4% and pentobarbitone at 200, 400 and 800 pmol 
litre™!. n = 6 for halothane. n = 7 for isoflurane and n = 5 for 
pentobarbitone. 


to equilibrate for 15 min. Neurons, known as light yellow cells and 
lying on the ventral surface of the right parietal ganglion, were 
impaled with two separate microelectrodes filled with (mmol 
lite“): KCl, 2500; EGTA (ethyleneglycol- bis(B-amino-ethyl 
ether) N,N’-tetra-acetic acid), 500; adenosine triphosphate, 10; 
titrated to pH 7.7. Tip resistances for both current and voltage 
electrode were between 8 and 10 MQ. Inward-going currents 
were elicited from a holding potential of —70 mV with stepped 
depolarizations between —50 and + 48 mV in 7-mV steps. 
Current amplitude was measured at 15 ms (near to the peak) to 
determine the current voltage relationship. Currents were seen to 
activate at about ~40 mV, reached a peak at —15 mV and then 
showed only slight deactivation over the pulse duration of 100 ms. 

Figure 9 shows a suppression of peak current both by the anaes- 
thetics and the barbiturate. Linear regressions fitted through each 
data plot have 7? values of >0.99, indicating a negative propor- 
tional relationship between drug concentration and current and 
suggesting a possible common pharmacological mechanism. Of 
the anaesthetics, halothane shows the greatest suppression of 
current for a given concentration. This mirrors the potency of 
halothane relative to isoflurane in clinical use. 


Key words 
Calcium, currents. Model, mollusc. Anaesthetics volatile. 
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Volumetric analysis of aeration in the lungs 
during general anaesthesia 


Sir,—I read with interest the article by Reber and colleagues on 
volumetric analysis of aeration in the lungs during general anaes- 
thesia.! This is a study of radiographic density of the lung, using 
data consisting of picture elements (pixels) sized 0.9 X 0.9 X 4mm. 
The density of the tissue in the pixel varies with the amount of air 
it contains, and the authors interpret these changes in two ways. 

First, they use density to assess the degree of expansion of the 
lung tissue in terms of aeration. Second, they use changes in 
density during the breathing cycle to estimate regional ventilation. 
I would agree that the less dense the lung, the better aerated it is 
likely to be, because air causes less attenuation than lung tissue (or 
blood, which here seems to have been assumed to remain a con- 
stant fraction of the tissue). Air causes attenuation, in the scale 
used, of — 1000 units, whereas collapsed atelectatic lung causes a 
much greater attenuation of —100 to +100 units. The authors 
argue that the distribution of pixel density indicates the distribu- 
tion of poorly aerated and atelectatic lung. They suggest that the 
amount of lung tissue in an atelectatic area is four to five times 
greater than in a normally expanded part of the lung. This implies 
that by expansion with four times that volume of air, one 
atelectatic pixel would become five pixels with a normal radio- 
graphic density, as the radiographic density of air is very small 
compared with that of lung tissue. We are left uncertain as to how 
much air needs to be added to “poorly expanded” lung tissue to 
convert it into tissue with “reduced aeration” or “normal aeration”, 
although these quantities would be useful for relating the current 
measures to previous data obtained with other methods. 

This knowledge is of particular importance when it comes to 
drawing conclusions on “distribution of ventilation”, as the 
authors have done in their subjects both during spontaneous 
breathing and mechanical ventilation. Here it is useful to 
remember how earlier studies of regional ventilation were per- 
formed, as this may help to elucidate some of the findings in the 
study of Reber and co-workers. Regional ventilation, measured 
with radioactive xenon, is usually expressed as ventilation in pro- 
portion to the volume of that region at total lung capacity (TLC);? 
this is done because at TLC the alveoli are nearly equal in size 
throughout the lung, and therefore expression of regional volumes 
and regional ventilation as a proportion of volume at TLC 
becomes equivalent to expressing these values in terms of “per 
alveolus”. This is more useful than expressing ventilation or lung 
volume in terms of lung tissue at other states of inflation. If infla- 
tion of each part is unequal, then the amount of lung tissue pre- 
sent in each unit volume (in the present case, pixel volume) 
depends on the amount of distension of the lung that is being con- 
sidered. Indeed, it is intuitively obvious that erroneous conclu- 
sions could result if regional ventilation were based on any other 
lung volume than the volume at TLC. Consider 100 ml of col- 
lapsed lung tissue which is distended by 100 ml of air. It would 
then have a volume of 200 ml, and if its regional ventilation were 
expressed as a percentage of the original tissue volume, it would 
have received 100% ventilation. However, this volume of 
atelectatic tissue can probably be fully expanded to a volume of 
approximately 1000 ml and hence if regional ventilation is 
expressed as a proportion of the volume of tissue at TLC, this 
ventilation would be 10%. There may be an analogous effect, of 
an inappropriate denominator, when radiographic density is used 
as a measure of aeration. This may explain some of the results 
when Reber and co-workers have “assumed a gas distribution in 
proportion to the attenuation changes” that they observed 
between inspiration and expiration. There may be a relationship 
but it is most unlikely to be a direct linear proportion between 
density change and regional ventilation. 

They report that the radiographic density of the gravitationally 
upper parts of the lung is less than the density of the lower parts, 
in subjects at functional residual capacity. Setting aside the dis- 
tinct possibility that the gradient could also be affected by a grav- 
itationally determined gradient of pulmonary capillary distension, 
this observation would be expected from many previous measure- 
ments made with the isotope technique (for a succinct review, see 


Milic-Emili?). This gradient of density means that the lower pixels 
contain more alveoli than the upper ones. The article also reports 
that the lower pixels show a greater change in radiographic density 
than the upper ones, with a tidal volume inspiration. From an 
assumption that gas distribution is proportional to attenuation, 
the authors concluded that “distribution of ventilation” to the 
dependent regions is two times greater than that to the upper 
regions. I think that this conclusion is likely to be incorrect. First, 
as argued above, a change in density from —780 to —840 
(approximate changes in the topmost slice) could well represent 
just as much, or even more, air/alveolus, as a change in density 
from —570 to —720. The proportional change could perhaps be 
better expressed as the change relative to the density difference 
from fully distended lung (say —900 units). If this were con- 
sidered, then the topmost density change would be from (—900) 
— (—780) at FRC to (—900) — (—840) at end-inspiration. This 
gives a fractional change of density of (—60)/(—120) in the top- 
most level and (—180)/(—330) for the lowest level, and would 
lead to the conclusion that ventilation was relatively equal from 
top to bottom. However, this argument depends on the density 
value taken to represent fully distended tissue and ignores blood 
contribution to density. 

Second, the inference of a vertically uniform distribution of 
ventilation agrees with findings in subjects breathing spon- 
taneously with normal inspiratory flow rates, where the vertical 
distribution of ventilation in the lung depends not only on regional 
compliance but also on differences in airway resistance.3 + A 
vertical discrepancy in ventilation distribution, such as Reber and 
colleagues conclude from their data, is only found in sitting sub- 
jects in very artificial circumstances when slow manoeuvres are 
undertaken so that airway resistance differences are minimized. 
Reber and co-workers did not report tidal volumes, 
inspiratory duration or ventilatory frequencies of their subjects so 
the mean inspiratory flow rates cannot be estimated, although 
these are clearly relevant. 

A similar argument should probably be applied to the data 
obtained in subjects undergoing artificial ventilation which would 
result in the conclusion that ventilation is distributed preferen- 
tially to the upper regions. However, comparison of the data in 
subjects breathing spontaneously with those whose lungs were 
ventilated artificially indicates a further difficulty in the use of 
radiographic density to indicate aeration alone. The tidal volumes 
of the patients breathing spontaneously are unlikely to have been 
greater than those of the patients undergoing ventilation with 
volumes of 8 ml kg~!. What is remarkable is that the change in 
mean lung density caused by mechanical ventilation (54 units) 
was smaller than the density change during spontaneous breath- 
ing (131 units), although tidal volume was probably less with 
spontaneous breathing. A factor that could explain this difference 
is a change in the volume of blood in the lungs during the 10-s 
breath-hold at end-inspiration necessary for the scan. This change 
in blood volume in the tissue may well not be uniform from the 
top to the bottom of the lung. This underlines the fact that factors 
other than ventilation can affect radiographic density, and this 
could affect the comparison of measurements made during spon- 
taneous breathing with those made during mechanical ventilation. 

Until these questions and uncertainties regarding the propor- 
tional relationship of radiographic density and aeration are 
addressed, I suggest that the inferences from CT studies should 
be limited to qualitative assessment of aeration, and that the 
expression “ventilation distribution” is not used. 

G. B. DRUMMOND 
Département d’Anésthesie 
Hopital Henri Mondor 
Creteil, France 
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Sir,—In his letter, Dr Drummond discusses some important 
aspects of the measurement of ventilation distribution. We agree 
that the calculation of ventilation “per alveolus” offers the advan- 
tage of taking into consideration the increasing amount of lung 
tissue, and thus of alveoli, down the lung. 

One approach for depicting ventilation per alveolus is to calcu- 
late the gas/tissue ratio of a pixel, assuming that the amount of 
tissue in a pixel reflects the number, or size, of alveoli. In this 
approach, it can be seen that the difference in ventilation per 
alveolus of upper and lower lung regions is smaller than per pixel. 
Using a somewhat different approach, Dr Drummond has also 
shown this difference and he also pointed out that a shift of blood, 
either within the lung or in and out of the lung during the breath- 
ing cycle, further complicates the analysis. We thus agree with Dr 
Drummond on these aspects of ventilation calculations. However, 
relating ventilation to each alveolus is only one way of presenting 
the results. Ventilation can also be related to the topography of the 
lung and, for example, to the distribution of atelectasis. In a 
ventilation—perfusion scan for assessing pulmonary emboli, 
ventilation is related to pixels, or volume elements, as is the case 
in our study. These considerations taken together prompted us to 
present data that have been minimally manipulated. 

The amount of gas within a particular pixel of a CT scan can be 
estimated from the attenuation value of that pixel. This implies 
that what is not gas is tissue with a certain attenuation value, 
therefore the measured attenuation is the weighted mean of gas 
and tissue. In our study, we used the standard scale of Hounsfield 
units where air has the value of — 1000 Hounsfield units (HU) and 
water 0 HU. We have considered that lung tissue corresponds to 


scan. The changes in attenuation value can be measured in a par- 
ticular pixel or in a region made up by a number of pixels. 
Therefore, the change in its gas content can be calculated, which 
correlates to ventilation. This is what we have done. Our data are 
consistent with those of Rehder, Sessler and Rodarte who used an 
isotope technique in awake and subsequently anaesthetized sub- 
jects.! Even though we agree with Dr Drummond that calcula- 
tions can be made differently, we consider our conclusion, that 
ventilation distribution is affected by anaesthesia and mechanical 
ventilation, with an increase in ventilation to non-dependent 
regions, is correct. 
A. REBER 
G. HEDENSTIERNA 
Department of Anaesthesia 
University of Basle/Kantonsspital 
Basle, Switzerland 
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Failed intubation during obstetric 
anaesthesia 


Sir,—Hawthrone and colleagues reported an increase in the 
incidence of failed tracheal intubation, during Caesarean section 
under general anaesthesia in their unit, from 1 in 300 in 1984 to 1 
in 250 in 1994.1 As no national data are available they asked if this 
reflected a national trend. Since mid-1986, data on obstetric 
anaesthesia have been collected by hospitals in the South West 
Thames Region, We too have seen a decrease in the use of general 
anaesthesia for Caesarean section from 66.1% (range 
39.8-81.9%) in 1987 to 22.9% (8.8-37.5%) ın 1995. The 
number of general anaesthetics for Caesarean section decreased 
from 2198 in 1987 to 1320 in 1995. There has been a progressive 
increase in the incidence of failed intubation, to 1 in 173 in 1994 
and 1 in 165 in 1995. Last year in the six units which performed 
less than 100 Caesarean sections under general anaesthesia, the 
incidence of failed intubation was 1 in 130; in the seven units that 
performed more than 100, the incidence was 1 in 188. 
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Our experience in South West Thames suggests that it is likely 
that there has been an increase nationally in the incidence of failed 
tracheal intubation during Caesarean section under general 
anaesthesia and that one probable cause is anaesthetists’ 
decreased exposure to obstetric general anaesthesia. In the 
recently published Confidential Enquiries into Maternal Deaths 
in the United Kingdom 1991-1993, all direct deaths associated 
with anaesthesia for Caesarean section involved the use of general 
anaesthesia.? Any increase in the incidence of failed tracheal 
intubation during Caesarean section under general anaesthesia 
should be a cause for great concern. 

J. G. JENKINS 

Department of Anaesthesia 

Royal Surrey County Hospital 

Guildford 
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The intensive care unit cost of surviving and 
dying 


Sir,—The recent editorial by Bion and Strunin! introducing the 
issue on multiple organ failure stated that it costs twice as much to 
die in an intensive care unit as it does to survive, quoting a refer- 
ence from 1986.? This is true when examining costs of all patients 
admitted to intensive care. In 1995 our intensive care unit cost 
was an average of £1997 to manage a patient who survived to 
leave our hospital, but more than twice this at £4116 to treat a 
patient who eventually died. The median APACHE II score for 
these patients was 15 (range 1-48). 

When analysis of patient sub-groups is undertaken, however, a 
different picture emerges. We looked at the costs of treating a 


group of our most critically ill patients, namely patients referred 
from the specialties of renal medicine and renal transplant. In this 
sub-group (median APACHE II score 27 (range 14-48)) the 
costs, during the same period, of treating those who survived and 
those who went on to die were similar (£4225 and £4708, 
respectively). 

Thus, the quoted 2:1 ratio in cost of treating survivors and non- 
survivors may be misleading as the overall cost of a survivor 
depends on the relatively larger number of less ill patients 
managed in intensive care who have a good chance of survival. 


H. THOMPSON 

P. SPIERS 
Department of Anaesthesia 
Leicester General Hospital NHS Trust 
Leicester 
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Sir,—We are happy that Drs Thompson and Spiers agree that 
overall it costs at least twice as much to generate a non-survivor as 
it does a survivor from intensive care. For example, a 14-month 
study of 3600 ICU patients at Guy’s Hospital showed that 15% of 
that population died, consuming 37% of the ICU budget in the 
process.! Of course, sub-group analysis generates exceptions to 
this rule, and in the article? which we quoted in our editorial, the 
authors showed this for patients undergoing elective surgery. 
These variations are of interest, but they do not alter our main 
theme, that death in intensive care is doubly wasteful of both lives 
and resources. It makes sense, therefore, to concentrate on pre- 
vention of multiple organ failure which was one of the main 
themes of the July postgraduate issue of the journal. 
J. BION 
Intenstve Care Society 
L. STRUNIN 
Postgraduate Editor 
British Journal of Anaesthesia 
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Aortic stent surgery 


Sir,—We wish to comment on two points made in the letter of 
Baranowski and Adiseshiah on aortic stent surgery.! They noted, 
and appeared to accept, a mortality of 10% and put forward as a 
benefit of the stent procedure the fact that “the patient’s trachea 
can usually be extubated early....”. 

Our own published experience of conventional elective 
abdominal aortic surgery using a combined general- 
extradural anaesthetic technique is that hospital mortality is 
well below 5%, with the trachea of virtually all patients being 
extubated immediately after surgery.? We believe that most 
centres consider a mortality rate of more than 5% 
unacceptable, and we support the view of Thompson and 
Greiff that the stent technique should be introduced with 
great caution.’ In addition, fully informed consent must be 
obtained for all new procedures, even if they are offered to 
patients in whom the standard technique is considered high 
tisk. Until the rate of conversion to an open procedure 
(current 35%) is reduced significantly, the stent operation 
should not be offered to patients who are not considered fit 
for conventional surgery. 


J. A. W. WILDSMITH 
University of Dundee 
Dundee 

J. H. MCCLURE 
Royal Infirmary of Edinburgh 
Edinburgh 


1. Baranowski AP, Adiseshiah M. Aortic stent surgery. British 
Journal of Anaesthesia 1996; 76: 882-883. 

2. Mutirangura P, Stonebridge PA, Clason AK, McClure JH, 
Wildsmith JAW, Nolan B, Ruckley CV, Jenkins AM. 10-year 
review of non-ruptured aortic aneurysms. Brinsh Journal of 
Surgery 1989; 76: 1251-1254. 

3. Thompson MM, Greiff J. Aortic stent surgery. British Journal 
of Anaesthesia 1996; 76: 883. 


Sir,—We agree fully with the comments of Wildsmith and 
McClure that a mortality rate of 10% is unacceptable and that 
is why we felt moved to write our letter on reading the first 
publication by Greiff, Thompson and Langham.) In that 
original report they did not indicate clearly the risks. We also 
agree that patients should give fully informed consent. It is for 
that reason that the consent in our hospital is obtained by 
consultant staff. 

A recent audit of our mortality rates for open elective surgery 
using general-extradural anaesthetic techniques and early 
extubation indicated our mortality to be approximately 1%. 
We feel that it is inappropriate to increase the mortality risk in 
these patients by subjecting them to a stent procedure with a 
35% conversion rate and 10% mortality risk. However, in 
common with many centres, we receive referrals where the 
local team has not been prepared to undertake an open opera- 
tion as the surgical risks have been considered too great. In 
these patients we feel that there is an advantage to the closed 
technique with the mortality probably being less than that after 
the open approach in this specific group. We have had several 
such patients only spending a night on the high dependency 
unit as opposed to the predicted several days. A controlled 
study examining different techniques and risk groups needs to 
be carried out. 

A. P. BARANOWSKI 

M. ADISESHIAH 
UCL Hospitals 
London 
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A complication of intra-arterial shunting 
during carotid endarterectomy 


Sir, —A 68-yr old male ex-smoker presented after one episode of 
amarosis fugax affecting his right eye and lasting a few minutes. 
Resolution was complete and there was no residual neurological 
deficit. Doppler studies showed a 75% luminal obstruction in the 
right internal carotid and 65% in the left, and he was scheduled 
for right carotid endarterectomy. 

In the anaesthetic room, a Fioswitch 20-gauge (Ohmeda) 
arterial cannula was inserted in the right radial artery, after failed 
cannulation of the left, for continuous monitoring of arterial 
pressure. A typical arterial pressure trace was displayed on the 
monitor. General anaesthesia was induced with fentanyl, 
etomidate and atracurium, and maintained with isoflurane and 
70% nitrous oxide in oxygen. 

When dissection of the carotid artery was complete, 
arteriotomy was performed and a Pruitt balloon shunt inserted. 
Immediately, the arterial pressure trace became attenuated and 
the reading changed from 130/70 to 75/65 mm Hg, Flushing 
the cannula had no effect and free aspiration of blood was 
possible. Withdrawing the shunt restored a normal arterial 
pressure trace. It was concluded that the caudal end of the 
shunt was lying at the junction of the innominate and 
subclavian arteries and causing significant obstruction to flow 
of the latter (see fig. 1). 

In addition to making the arterial pressure reading unreliable, 
this could have had a significant impact on cerebral blood flow 
because the right vertebral artery is a branch of the subclavian. 
During carotid endarterectomy this further reduction in circle 
of Willis supply may be crucial. On the left, the subclavian 
and common carotid arteries have separate aortic origins, and 
vertebral artery blood flow could not be compromised in a similar 
manner. 

We suggest that the right radial pulse or pressure should be 
monitored when a right carotid shunt is placed, so that subclavian 
occlusion can be detected. 


M. W. DYER 

F. A. MILLAR 
Department of Anaesthesia 
Ninewells Hospital and Medical School 
Dundee 
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Figure 1 Diagrammatic illustration of the obstruction to flow of 
the subclavian artery as the caudal end of the shunt was lying at 
the junction of the innominate and subclavian arteries. 
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Transoesophageal echocardiography in 
anaesthesia and intensive care 


Sir,—The delay in appearance of an editorial on transoesophageal 
echocardiography (TOE) in British anaesthesia literature! reflects 
the slow uptake of this tool by British anaesthetists compared with 
our colleagues on the continent or across the Atlantic. 

TOE represents a large initial cost forcing consideration of its 
benefits, especially in our health system where its use does not allow 
immediate remuneration (as in the USA). The plethora of uses and 
undefined benefits to outcome has generated an impression of an 
expensive toy for the boys. It is now clear that its use can be largely 
subgrouped into a monitoring role or a diagnostic role. As anaes- 
thetists we have concentrated initially on its monitoring role, espe- 
cially in relation to regional wall motion abnormalities signifying 
ischaemia. Unfortunately, the “dancing doughnut”, as the short 
axis monitoring view has been derogatorily termed, has not added 
significantly to other monitors available and certainly in non-car- 
diac surgery has not justified its expense. It is not known if the addi- 
tion of colour kinesis will significantly improve its usefulness. 
Although many variables may be derived from Doppler data, 
including cardiac output and left atrial pressures, calculation is 
usually too cumbersome to allow routine use. However, for the first 
time TOE allows us to directly assess the volume status of the left 
ventricle? compared with previous indirect estimates of LV filling 
from pressure data. In addition, with concomitant pressure data 
TOE can also provide a load-independent measure of contractility. 

In contrast, its diagnostic role is now well established in 
cardiology. That this can translate to the operating room, intensive 
care of emergency room has now been well documented. In inten- 
sive caret 5 and the emergency room,® 7 TOE represents a portable 
easily accessible diagnostic tool. In the operating room we should 
differentiate between cardiothoracic surgery and other types of 
surgery. Despite its potential the routine use of TOE in non-cardio- 
thoracic surgery has not been justified except possibly as a volume 
monitor where extensive blood loss is expected or in the diagnosis of 
hypotension. In cardiothoracic surgery the diagnostic role of TOE 
has come into its own. While its monitoring role in routine coronary 
artery surgery is debatable, its diagnostic role in complex valve,® pae- 
diatric cardiothoracic surgery? and artificial device implantation)? 
can contribute significantly to surgical success. In addition, scanning 
of the aorta for atheroma plaques!! and left ventricle for residual air 
pockets!? has proved useful. After operation, its use can quickly dif- 
ferentiate between the main causes of hypotension and is invaluable 
in assessing postoperative deterioration. 13 

This diagnostic role in the intraoperative period is having a real 
impact on the work of cardiac anaesthetists.!4 For the first time the 
results of a surgical technique are being reviewed by anaesthetists 
and subsequent decisions based on them, including the need to go 
back on bypass and modify the surgery. Where these decisions are 
to be made, there is no doubt that the level of competence is hard 
to maintain for the occasional cardiac anaesthetist, who may lack 
credibility in dealing with surgeons and physicians who spend their 
time solely in a cardiac centre. This may drive us towards dedi- 
cated full-time cardiac anaesthetists, at least where complex proce- 
dures are undertaken. Indeed, some centres in the USA do not 
appoint cardiac anaesthetists unless they are competent in TOE. 

Why then has the uptake of TOE been so slow to date in the 
UK? First, the enormous initial capital expense has been difficult 
to access. Second, there remains a fear of technological obsoles- 
cence, with many developments in the pipeline, including colour 
kinesis, three-dimensional reconstruction and real-time, three- 
dimensional views. In fact, in the 5 yr since the first editorial 
quoted by Townend and Hutton,! technology has moved from 
single plane probes to Doppler capability, biplane probes and now 
multiplane probes with automatic border detection capabilities. 
Third, an investment of time and training is required before com- 
petence is acquired and quality assurance is acceptable, Fourth, 

„its role has not been defined. To these ends, the Society of 
Cardiovascular Anesthesiologists and American Society of 
Anesthesiologists have recently published guidelines! on 
perioperative TOE training and use. 

In summary, the impact of intraoperative TOE on non- 
cardiothoracic surgery is yet to be defined. In cardiothoracic 
anaesthesia, its use is here to stay. 

S. J. GEORGE 
Department of Anaesthesia 
St George’s Hospital 
London 
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Haemodilution induces a hypercoagulable 
state 


Sir,—Ruttmann, James and Viljoen! have described the effects of 
haemodilution on in vitro coagulation using the TEG, and among 
their conclusions suggested that 20% dilution with isotonic saline 
increases absolute clot strength, while at the same dilution with 
Haemaccel (3.5% polygeline solution) clot strength is unaltered. 
We have recently published similar work,? but with a range of 
dilutions (15, 30, 45, 60 and 75%). We found that both the size 
(clot weight) and strength (using maximal amplitude on the 
TEG) of clots formed im vitro were reduced considerably with 
increasing dilutions of both Haemaccel and Gelofusine (4% suc- 
cinylated gelatin) compared with the same dilutions with saline or 
Ringer’s solution. Scanning electron microscopy of these clots 


Correspondence 


showed a reduction in cross-linkage with the colloids compared 
with dilution with saline, or controls from undiluted blood. This 
could be explained by an effect on fibronectin, as other workers 
have shown that gelatin binds to fibronectin? and that infusion of 
these fluids decreases plasma concentrations of fibronectin.* 
Although Ruttmann, James and Viljoen emphasized that their 
study did not examine greater or lesser degrees of dilution, our 
findings raise concern where large volumes of these fluids are 
given to patients requiring full haemostatic competence, and we 
endorse his suggestion that in vivo studies using the TEG should 
take place in patients receiving different fluid regimens. 
S. N. MARDEL 
F. M, SAUNDERS 
North Staffordshire Trauma Centre 
North Staffordshire Hospitals Trust 
L. D. OLLERENSHAW 
Department of Haematology 
North Staffordshire Hospitals Trust 
D. T. BADDELEY 
Pharmacy Department 
Royal Cornwall Hospitals Trust (Treltske) 
Truro 
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Sir,—Mardel and colleagues? reported on a study comparing 
the effects of various dilutions of blood with crystalloid with 
those with colloid. They found some inhibition of clot matura- 
tion, as measured by clot strength, in the colloid group and 
attributed this effect to the binding of fibronectin to the gelatin 
molecule. In this respect their results are in agreement with our 
findings.” 

However, we are confused by the assertion that “scanning 
electron microscopy of these clots showed a reduction in cross- 
linkage with the colloids compared with dilution with saline, or 
controls from undiluted blood”. Careful reading of the report of 
Mardel and colleagues shows that their controls were diluted with 
saline or Ringer’s lactate. Nowhere do they mention an undiluted 
control. 

It is our contention that haemodilution with crystalloid is not 
inert but activates some aspects of coagulation in an as yet 
undefined manner. It is therefore difficult to interpret coagulation 
studies in which haemodilution with crystalloid is used as a 
control as these do not necessarily show that gelatin haemodilu- 
tion per se causes reduced clot strength compared with the native 
condition. 


T. G. RUTTMAN 

M. F. M. JAMES 

J. F. VILJOEN 
Department of Anaesthesia 
‘University of Cape Town 
South Africia 
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British Journal of Anaesthesia 1996; 77: 312-316. 


The first author of the article is S. Al Ramadhani and not S. A. L. Ramadhani as published. Also, Dr 


Ramadhani’s qualification is FFARCSI and not FRCA. 


.We apologize for this confusion. 
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Clinical Anaesthesia. A. R. AITKENHEAD AND R. M. JONES 
(editors). Published by Churchill Livingstone, Edinburgh. 
Pp. 780; indexed; illustrated. Price £85.00. 


Professors Aitkenhead and Jones, those indefatigable editors, have 
produced a new, short textbook of clinical anaesthesia. They 
argue in the preface that most textbooks have grown too large and 
have become too expensive, as they attempt to cover all aspects of 
the relevant basic sciences and clinical practice. The present text 
aims to provide a concise account of clinical anaesthesia in the 
1990s and is intended for an international readership. Twenty- 
three of the 41 authors are from the UK, 10 from USA, seven 
from Europe. and one from Australia. Among the authors are 
many with an international reputation: Booij, Breivik, Coriat, 
Cunningham, Fitch, Frost, Hug, Lindahl, Pollard, Reiz, 
Runciman, Sear and White, together with young co-authors who 
may well join this group in the future. The editors had a laudable 
aim and were able to recruit good authors, so does it work in 
practice? 

The book contains 30 chapters and only 15 of these are devoted 
to anaesthesia for specific surgical areas, such as cardiac surgery 
and paediatric surgery. The other chapters cover topics such as 
preoperative assessment, monitoring, postoperative pain relief, 
safety, and audit and quality assurance. The last, short chapter by 
Lunn on “the quest for quality — how to keep up to date” is an 
idiosyncratic, but highly successful, way to finish. Most chapters 
are extensively referenced, and in some instances this is excessive. 
The prize for “referencitis” goes to Breivik and Bogod who found 
it necessary to use 277 references in a chapter on obstetric analge- 
sia and anaesthesia. This is followed closely by the 264 references 
cited in a 10-page chapter on cardiopulmonary resuscitation. The 
ease of access to the anaesthetic literature does nothing to help 
find quality among quantity. 

A few chapters are strangely unconvincing. A chapter that 
covers one of my major, clinical commitments gave an excellent 
review of the underlying physiological problems, but was of no 
value in dealing with common intra- and postoperative difficul- 
ties. I was left with the strong impression that the distinguished 
authors were lacking in recent, practical experience. 

The space devoted to certain anaesthetic problems fails to 
reflect their current, clinical importance. Laparoscopic cholecys- 
tectomy is dealt with in half a page, which is slightly more than 
pancreatic surgery, but at least hepatic surgery merits two pages. 
Key areas of anaesthetic practice, such as anaphylaxis, are also 
dealt with in two pages, however the index helped in finding other 
relevant information about this topic. Do not rely on the index to 
help you learn about MH; the pages indicated will refer you to a 
discussion on training devices and anaesthetic simulators! 

Overall, the book 1s competently produced with few errors and 
is priced competitively. I do not think that it quite hits the target. 
Nevertheless, the idea is thoroughly sound and I urge the editors 
and authors to persevere — promising but must improve. 

G. M. Hall 


Peripheral Nerve Blockade. C. A. PINNOCK, H. B. J. FISCHER AND 
R. P. Jones. Published by Churchill Livingstone, Edinburgh. 
Pp. 174; indexed; illustrated. Price £29.50. 


There is growing interest in the application of peripheral nerve 
blocks for an increasing variety of surgical procedures. This book 
sets out to be very much a comprehensive, practical manual 
serving both trainee and experienced practitioner alike. The text is 
clear and concise, and the layout facilitates rapid access to the 
relevant information with great emphasis placed on the excellent 
line drawings. It is clear to any regional anaesthesia enthusiast that 
the authors themselves have considerable practical experience in 
this field, allowing them to give practical guidance in addition to 
highlighting areas of controversy as and when they occur within 
the text. 

The first short section deals with the essentials of principles and 
practice, concentrating on benefits, methods and hazards, while 
the second section deals with the applied anatomy of the various 
operative sites and the possible surgical indications. Section three 


deals with the nerve blocks themselves. I assessed the aims of this 
section by Jooking first for a few specific “useful” blocks for day- 
case surgery or the medically compromised patient and was not 
disappointed. Field block for mesh inguinal hernia repair, 
inguinal canal block, arthroscopy block, ophthalmology blocks 
and even the sustentaculum tali block for those particularly 
compromised vascular patients, are all well covered. 

‘The major nerve blocks of upper and lower limb are also well 
described as one would expect, although the technique of axillary 
block outlined is very much one of many. Techniques for using 
the nerve stimulator at this or the mid-humoral level could pos- 
sibly have been included, although this may not have reflected the 
authors’ own personal expertise. For the experienced practitioner 
itis always useful to have a handy reminder of blocks at the elbow 
and wrist in case one day one might need to supplement! The line 
drawings are particularly useful in this section. A short discussion 
on evolving catheter techniques outlines further possibilities for a 
variety of blocks with a view to postoperative pain relief, and there 
is comprehensive coverage of head and neck blocks. 

While no substitute for practical tuition, overall this is an excel- 
lent addition to the recent publications on regional anaesthesia. 
As I had hoped, this book points out the major contribution of 
peripheral blocks in the management of postoperative pain but 
still concentrates on the art of regional anaesthesia as the sole 
technique for surgical intervention and not as a hit or miss sup- 
plement to general anaesthesia. It would clearly be invaluable to 
examination candidates but its concise and practical layout and 
size suggest that its prime location should not be the library book- 
shelf but the duty room of any (or every) theatre suite. I can think 
of few better for this purpose. 


D. M. Coventry 


Clinical Intensive Care. K. HILLMAN AND G. BisHop. Published by 
Cambridge University Press, Cambridge. Pp. 835; indexed; 
illustrated. Price £35.00. 


Intensive care medicine is changing very rapidly; there are 
changes occurring constantly in response to good science in addi- 
tion to fashion and politics. Therefore, much that is written will be 
out of date by the time the book is published. 

Of the 32 chapters of this book, the first third cover mainly 
general concepts. The authors lose their way here, inaccurate 
generalities occur and detailed dogmas that I disagree with appear 
often. Resuscitation procedures and specific antibiotic guidelines 
are not helpful. In particular when the guidelines differ from 
the European Resuscitation Council guidelines this could be 
disastrous for trainees preparing for examinations. I disagree with 
statements on nutrition, fluid balance, the stated importance of 
fluid restriction in ARDS and the importance of peripheral 
oedema as a problem. 

The second part of the book examining particular organ 
systems and clinical problems was much better. The chapters on 
thoracic trauma, intracranial disasters and acute renal failure were 
very clear, readable and succinct. There are some very good 
axioms, and also some good tables and diagrams. Bold checklists 
covering some common situations are well conceived. 

In its present form the book falls between two stools; as a refer- 
ence text it would need further expansion and authority but it 
misses the mark as a handbook for trainees, and inaccuracies, 
repetition and unnecessary detail swamp the good material. 

W. Russell 


A Practical Approach to Pain Management. M. LEFKOWITZ AND A. 
H. Lesovrrs (editors). Published by Little, Brown and Co., 
Boston. Pp. 310; indexed; illustrated. Price £29.50. 


This volume of some 310 pages attempts to cover the whole 
aspect of pain management using the “cook book” type of presen- 
tation. Consequently, because of the need for brevity, each word 
needs to be selected with extreme care such that each imparts the 
maximum information while taking up the minimum of space. In 
such a situation, to try and cover the whole of pain management 
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requires extreme care on the part of the authors and utter 
ruthlessness on the part of the editors. Unfortunately, this volume 
suffers from a lack of direction and control from the latter to the 
former and, therefore, ends up as an uneven and somewhat 
uninteresting compilation. 

The book is divided into two parts: therapeutic and diagnostic 
approaches and pain syndromes. The former is subdivided into 
six parts dealing with acute pain, pharmacological management, 
regional techniques, psychological approaches, physical tech- 
niques and other approaches to chronic pain management. The 
latter deals with many major areas of pain, including that due to 
cancer, low back and phantom limb, pain in children, herpes 
zoster and post-herpetic neuralgia, to mention but five of 16. 

The book aims to provide the busy single specialty provider 
with a detailed and in depth review of the significant clinical 
practice approaches in pain management. On the other hand the 
editors write that it is not intended as a comprehensive textbook, 
rather it is a “how to” handbook written in outlined format. There 
does appear to be a hint of confusion here. 

There are 46 contributing authors, nearly all of whom work in 
the eastern USA, thereby giving this tome a distinctive flavour. 
None the less, they have a good attempt at answering the editors’ 
demands. However, as would be expected, there are both omis- 
sions and commissions. There is a plethora of words, too many of 
which are space wasters and do not contribute to the education of 
the reader. The illustrations are mediocre, basic and unnecessary 
taking up page space that could have been better used for good 
flow charts, diagrams, etc. The chapters are variable, not only in 
content, but also in length, references and value. 

For a 1996 first edition, there is insufficient modern contempo- 
rary thought and therapy. Surprisingly, no mention is made of 
NMDA and substance P antagonists, bradykinin, dorsal root 
ganglion injections and Harkensen’s technique, whereas cocaine, 
benzocaine and several other virtually obsolete agents feature, in 
some cases, with marked prominence. 

Many of the tables of drugs can be obtained elsewhere and have 
been produced better in that situation. Also, precise descriptions 
of techniques are unnecessary in such a book and yet they appear, 
sometimes with embarrassing detail that can be better obtained 
from the specialist manuals that are all too rarely referenced. 

Even at £29.50, this is not a book that one could encourage 
trainees to buy, but rather to peruse in the library and then place 
back on the shelf before moving on to what will inevitably be a 
better text 

K. Budd 


Cardiac Arrest. The Science and Practice of Resuscitation Medicine. 
N. A. Parapis, H. R HALPERIN AND R. M. Nowak (editors). 
Published by Williams and Wilkins, Pp. 981; indexed; 
illustrated. Price £125.00. 


This major work on the science and art of resuscitation medicine 
is unique in that it not only reviews the literature past and present, 
but also provides a reasoned description of the current state of the 
art and a look to the future. The is a multi-author text, drawing its 
writings from over 90 authors in 53 chapters. Most of the authors 
are from North America and are well known in the field of resus- 
citation. All of the authors have obviously been well briefed as to 
their task by the three named editors of the book and there is little 
repetition in the text. 

The first section describes the history and epidemiology of 
sudden death. It is interesting that the authors of both these 
chapters sum up by reflecting on the lack of information available 
on the true physiology and pharmacology of this science. This 
leads neatly on to the second section where there are chapters on 
basic science. Most of this section reviews cell death and reperfu- 
sion. It also includes a fascinating section on the methodology of 
cardiopulmonary resuscitation research and provides many of the 
basic facts of how to carry out this form of research using modern 
scientific instrumentation. 

Section three continues the global ischaemia and reperfusion 
story with seven chapters on pathophysiology and aetiology. In 
this section there are three detailed individual chapters on the 
aetiology, electrophysiology and mechanics of ventricular fibrilla- 
tion, pulseless electrical activity and bradyasystolic states. 
Together they help to clear a path through the established jungle 
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of anecdotal medicine associated with resuscitation. Section four 
deals with the therapy of sudden death and although the 17 
chapters discuss all the relevant aspects of therapy, they are 
heavily biased towards the North American procedures and say 
little, if anything, about other national procedures. 

Section five, special circumstances, has chapters on neonatal 
and paediatric resuscitation, the elderly patient, asphyxial, 
haemorrhagic, hypovolaemic, hypothermic and toxicological 
sudden death. It also deals with cardiac arrest during anaesthesia 
and in pregnancy, in the drowned and in the electrocuted patient. 
This is one of the best sections in the book as the authors have 
managed to assimilate and digest a wide range of publications and 
viewpoints and bring them together into a well-reasoned argu- 
ment on the therapy of these rarer resuscitation scenarios. Section 
six has six chapters on post resuscitation disease. It includes a 
chapter on post-resuscitation prognostication and the declaration 
of brain death. It highlights the difficulties found at the sharp end 
of clinical practice of deciding when to stop resuscitation and how 
to deal with the initial resuscitation success which subsequently 
turns into the long-term intensive care patient. Its arguments are 
useful to those who have to battle against colleagues who declare 
all resuscitation events as failures despite their aetiological 
background. 

The final section and chapter deals with the future and develop- 
ment of informational guidelines for practising and reporting 
resuscitation events. It points out that despite there being a single 
foundation of published research, national bodies have produced 
different regimens, often depending on internal political pres- 
sures. An international body does exist to rectify this matter and 
this chapter formulates the basic strategy on which this body is 
now formulating international recommendations on resuscitation. 

The book is extremely well written, referenced and indexed. It 
is illustrated appropriately and each illustration is fully referenced. 
If I must have one criticism it is, as stated above, that it is biased 
heavily to the science and art based around the North American 
regimens. This may account for the complete lack of any reference 
to the use of the laryngeal mask airway in resuscitation. It is harder 
to explain the inclusion of only one and one half columns on 
automated external defibrillation as this is one of the foremost 
developments in this field; it may reflect how rapidly resuscitation 
has moved forward during the time of compiling and publishing 
this text. 

This is a must for everyone interested in or researching resusci- 
tation. Although its price is high, this can be justified as it is one of 
the most complete reference sources on resuscitation in the 
current published literature. In fact, it has hardly sat on my library 
shelf as I find myself constantly referring to it for both references 
and comments. I highly recommend this book. 

D. A. Zideman 


Core Curnculum for Professional Education in Pain, 2nd Edn. H. L. 
FIELDs (editor). Published by LASP Press, Washington. Pp. 
123; indexed. Price $25.00. 


This is the second edition of Curriculum for Education tn Pain; the 
first addition apperared in 1991. The document was developed by 
a task force of international specialists from a broad discipline 
base in pain management, including neurology, oncology, 
rehabilitation medicine, psychiatry, rheumatology and the basic 
sciences. It is aimed for use as a reference for other curricula for 
designing training programmes and as a basis for rationalizing and 
planning patient services. 

The curriculum is divided into chapters, each covering 
various topics from the pharmacology of pain transmission and 
pain measurement, through to specific disease states, including 
low back pain, myofascial pain and cancer pain. Its format con- 
sists of headings and lists of relevant areas in each topic. There 
is a helpful chapter on designing, reporting and interpreting 
clinical trials in the management of pain, and a good, up-to-date 
bibliography. 

The book is an improvement on the first edition and takes 
account of the brisk pace of expansion of the knowledge base in 
the field of pain research in recent years. It is a useful publication 
for those responsible for designing training programmes and 
patient services in pain management. 

M. E. Bone 
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EDITORIAL I 


Ether anaesthesia comes to London. December 1846 


In October of this year, 1996, the sesquicentenary 
of the first successful public demonstration of ether 
anaesthesia by William Thomas Green Morton was 
celebrated in Boston, in appropriate style. It is rare 
for any discovery to be attributable to only one 
individual and the very different roles of Crawford 
Long, Horace Wells and Charles T. Jackson have 
been well aired over many years. Morton, neverthe- 
less, was the figure of the day. Described by Jacob 
Bigelow as “not a human of much cultivation or 
science”, one can easily conjure a picture of a rela- 
tively humble journeyman dentist arriving by invi- 
tation at the Massachusetts General Hospital for a 
demonstration that, in the light of previous failure 
by others, might not attract a totally confident 
assembly. Dr Barbara Duncum! quotes from N.P. 
Rice’s Trials of a Public Benefactor published in 
1859: 

“He (Morton) had taken the precaution to 
request Mr Frost to accompany him, to conduce in 
some way to his relief, in case of failure and act as a 
voucher as regards his statements of what he had 
already accomplished. At this moment his mind 
was in one great whirl of doubts and conflicting 
emotions.” 

Morton was ambitious but he was also brave. 

In Britain, news of ether anaesthesia did not 
arrive until the penultimate week of the year. 
Against today’s sophisticated communications the 
use of Francis Boott as an intermediary between 
Jacob Bigelow and Robert Liston, by this time a 
leading surgeon of London, seems unusual. Yet 
Boott acted effectively and swiftly. Not only did 
Liston operate successfully under ether anaesthesia 
within the space of 5 days but Boott’s association 
with James Robinson, a leading London dentist, 
led to Robinson’s successful demonstration on 
December 19, the Saturday before Liston’s suc- 
cessful operation on the following Monday. It is 
customary to note the “Dumfries claim” in which 
the news was brought to Scotland, faster than to 
London, by a local doctor who had travelled from 
Boston to Dumfries via Liverpool. Sadly the out- 
come, whatever is was, adds nothing to either 
science or medicine as the public announcement 
was some 20 years delayed and there is no trace of 
the patient! 

Before the year ended, John Snow who became 
the leading figure in the development of ether 
anaesthesia had attended one of Robinson’s admin- 
istrations. James Young Simpson, the Professor of 
Midwifery at Edinburgh, had journeyed in the 


Christmas holiday period to London, probably to 
visit Liston, for the specific purpose of learning 
about ether anaesthesia. Simpson took the news 
north and, with the shared interest of several of 
his contemporaries at Edinburgh, became an 
immediate enthusiast for anaesthesia and moved 
quickly, if controversially, to the use of ether for the 
relief of the pain of difficult labour. 

By today’s standards it seems quite remarkable 
that Robinson, and soon Snow, appeared so rapidly 
and effectively in print on their contributions and 
perceptions in respect of the new discovery. While 
the unfortunate Morton’s star was soon in decline 
as he struggled unsuccessfully to assert his owner- 
ship of, and explore a patent for, ether, John Snow 
was the man in the right place at the right time to 
develop the scientific basis of anaesthesia which he 
did to superb effect. There can be little doubt that 
the explanation for this zeal and success lay not 
only in Snow’s rather puritanical character but 
equally his strong motivation to ensure that as a 
doctor in 19th century England he was equipped 
with the highest academic qualifications. In time 
for the sesquicentenary of ether anaesthesia, Dr 
David Shephard, from Prince Edward Island, 
Canada, has produced a new biography of John 
Snow which, although populist in places, provides 
an excellent resource on an important medical 
pioneer.? 

Of the British pioneers, Robinson, Snow and 
Simpson, it is notable that all three were leaders in 
their profession and would have enjoyed such a 
position even if they had made no contribution to 
anaesthesia. At a time when dentistry could offer 
very little in the way of control of the quality of 
practice, Robinson enjoyed the highest reputation 
as a practitioner, with a distinguished clientele 
which included Prince Albert The Prince Consort. 
Indeed it is interesting to consider that Albert’s 
contact with Robinson would have been at least one 
reliable source of intelligence about anaesthesia 
which ultimately led to'chloroform analgesia being 
sought by Queen Victoria from John Snow in 1853 
and again in 1857, although on the second occasion 
either the Queen was early or Snow was late. He 
arrived to find Prince Albert administering the 
chloroform! 

Snow as a respected practitioner in Soho and as 
an enthusiastic participant of medical and scien- 
tific societies is, or should be, remembered for his 
study and recognition of putrid water as the source 
of cholera several years before Pasteur. Similarly, 
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Simpson advocated “hospitalism” based on the 
recognition that a fever developed after injury was 
often less serious outside compared with inside a 
hospital. He, too, was several years ahead of 
Lister, with strongly expressed views on how 
hospitals should be designed (and regularly 
destroyed and rebuilt); all this in addition to his 
laying the foundations of gynaecological practice 
and his distinction as an antiquarian. Perhaps it 
was because of these polyglot characteristics 
among the pioneers that the “science” of anaes- 
thesia in Britain was subject to stewardship of a 
high order, and the general acceptance of the 
clinical use of anaesthesia, although occasionally 
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the subject of controversy, was remarkably trouble 
free. 
A. A. SPENCE 
Department of Anaesthesia 
University of Edinburgh 
Edinburgh Royal Infirmary 
Edinburgh EH3 9Y 
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EDITORIAL Ii 


Is it always necessary to antagonize residual neuromuscular block? 
Do children differ from adults? 


Use of an anticholinesterase at the end of surgery, to 
antagonize residual neuromuscular block induced by 
a non-depolarizing drug, is commonplace; it is easy 
to forget that such drugs were not always given 
routinely. When the clinical use of “Intocostrin” (a 
biologically standardized extract of curare) was first 
described in 25 patients by Griffith and Johnson in 
1942, it was only recommended that an ampoule of 
the antidote, prostigmine, be readily available’; there 
was no mention of administering the antagonist. 
Indeed, it is difficult to determine how anti- 
cholinesterases came into regular use.? Neostigmine 
was noted only to be given “seldomly” by Prescott 
and colleagues in 1946, in doses of up to 5 mg, 
even though these workers were using tubocurarine 
0.4 mg kg™! for abdominal surgery.? Undoubtedly, 
failure to use an anticholinesterase was a factor in the 
morbidity associated with the use of small doses of 
non-depolarizing neuromuscular blocking drugs in 
patients breathing spontaneously, and a reason why 
such techniques fell into disrepute in the early 
1950s.4 Unfounded fears of neostigmine causing 
cardiac arrest were probably a reason for its omis- 
sion.> With the increasing use of larger doses of 
tubocurarine or pancuronium and controlled venti- 
lation many, although not all, clinicians began to 
administer neostigmine 5 mg to adults.°° Large 
doses of anticholinesterase were used in children at 
this time: neostigmine 0.08 mg kg™! was given to 
antagonize tubocurarine in neonates, who were 
thought to need an even higher dose than adults to 
obtain reliable recovery.’ 

With the advent of the intermediate-acting non- 
depolarizing agents, atracurium and vecuronium, 
the need for such high doses of anticholinesterase 
was questioned.’ Clinicians soon realized that 
recovery from these agents was more rapid than with 
tubocurarine or pancuronium. The greater clearance 
of the newer drugs from plasma, and hence a more 
rapid decrease in relaxant concentration at the post- 
synaptic nicotinic receptor allowed, on some occa- 
sions, for the omission of an anticholinesterase. This 
has some benefits; nausea and vomiting may be less 
common in patients who are not given neostigmine 
after the use of a non-depolarizing drug.? Any detri- 
mental effect of neostigmine on a newly created gut 
anastomosis can also be avoided.}° 

But careful monitoring of neuromuscular block is 
always necessary if anticholinesterases are not used. 
It is well recognized that even the clinicians most 
experienced in using monitoring techniques cannot 
detect decrement of the train-of-four twitch 
response by visual or tactile means, when the fourth 
twitch of the train has recovered to more than 40% 
of the first.!! It is essential therefore for all anaes- 
thetists to quantify the train-of-four ratio if they are 
considering not using an anticholinesterase. Double 
burst stimulation, which consists of two or three 
bursts of 50 Hz tetanus, 750 ms apart, is thought to 


be more useful in detecting fade by visual or tactile 
means than the train-of-four response, although the 
differences are marginal.!? In addition, it is now 
thought that 80% recovery of the train-of-four ratio 
T4/T1 (and not 70% as first described!3), is a more 
reliable indicator of adequate recovery if electromyo- 
graphic monitoring is used.'4 This degree of sponta- 
neous recovery may take much longer than is 
appreciated, even with atracurium or vecuronium. 
For example, the average time to spontaneous 
recovery of T1/T0 to 95% after atracurium 0.5 mg 
kg"! is 68 min.!° But it is probable that with 
atracurium and vecuronium, neostigmine 2.5 mg in 
adults is an unnecessarily large dose to antagonize 
residual block, if greater than 20% recovery of 
TI/TO has already occurred.!¢!7 Doses of neo- 
stigmine 1.25 mg are almost as effective. Even 
neostigmine 0.625 mg accelerates recovery after 
atracurium, although not after vecuronium. !7 

The introduction of mivacurium, which is meta- 
bolized by plasma cholinesterase, again raised the 
question of whether or not it was always essential to 
antagonize residual block. Neostigmine, although 
not edrophonium, was known to inhibit plasma 
cholinesterase activity,!8!9 and it was therefore 
postulated that neostigmine may potentiate mivac- 
urium-induced neuromuscular block. There has 
been little evidence of such an effect, although 
neostigmine would only seem to speed recovery from 
mivacurium-induced block by a few minutes.?! The 
mean time for spontaneous recovery of T1/T0O from 
25 to 75% (the recovery index) after a constant 
infusion of mivacurium is 7.7 min; if neostigmine 35 
ug kg™! is administered at 20% recovery of T1/T0, 
the recovery index is only reduced to 4.7 min. 
However, a few minutes add up to a long time if 10 
laparoscopies are performed on a half-day list! 

Plasma cholinesterase activity is greater in child- 
ren than in adults and this is thought to explain the 
more rapid spontaneous recovery from mivacurium- 
induced neuromuscular block in the young.?*?3 
Whether mivacurium is given as a single bolus dose 
or by constant infusion in children, the benefit of 
using an anticholinesterase to speed recovery is 
questionable (if neuromuscular monitoring is being 
used), and edrophonium is a more appropriate agent 
than neostigmine to antagonize any residual block.** 

The longer-acting, non-depolarizing agents which 
are cleared more slowly from plasma have, of neces- 
sity, been antagonized routinely. But in children, 
Fisher and colleagues demonstrated that the 
dose-response curve for neostigmine, although not 
edrophonium, used to antagonize residual block 
from tubocurarine, was shifted to the left of that in 
adults,?> 6 for the first time disputing the belief that 
larger doses of anticholinesterase were needed in the 
younger age group. As the distribution volumes and 
distribution half-lives of neostigmine and edropho- 
nium are similar in all age groups, these differences 
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cannot be explained easily by a pharmacokinetic 
mechanism.?>26 It was postulated that local differ- 
ences at the neuromuscular junction in children, 
such as the number of nicotinic receptors, amount of 
acetylcholine reserve or acetylcholinesterase activity, 
may be the causes of the lower dose requirements for 
anticholinesterases in paediatric patients.2® In addi- 
tion, a more rapid circulation time in children speeds 
both delivery of anticholinesterase to the neuro- 
muscular junction, hastening’ onset of effect, and 
also increases its rate of removal, shortening the 
duration of action. There is evidence, however, that 
it is the more rapid removal of the relaxant from the 
neuromuscular junction that is responsible for the 
more rapid recovery from block in children.*4 
Antagonism of neuromuscular block induced by 
pancuronium or doxacurium may be achieved with 
relatively smaller doses of neostigmine or edropho- 
nium in children than in adults.2”7 Recovery rates 
from both blockers were similar in this study but in 
children, only half the weight-related dose of 
neostigmine or edrophonium used in adults was 
needed to produce the same effect. In an older study 
of recovery from pancuronium-induced neuro- 
muscular block in children and adults, recovery of 
T1/TO was found to be faster after large doses of 
edrophonium (1.43 mg kg~!) than after a large dose 
of neostigmine (0.071 mg kg™!) in all ages of child- 
ren.28 Whichever anticholinesterase was used, 
recovery was more rapid in children than in adults. 
In this issue, recovery from rocuronium-induced 
neuromuscular block is reported in children and in 
adults during isoflurane anaesthesia, using varying 
doses of neostigmine.?9 Small doses of neostigmine 
after rocuronium 0.6 mg kg™! have a more marked 
effect in children aged 2-10 yr; for example, 5 ug 
kg“! produced as rapid a recovery of T4/T1 to 0.7 in 
children as neostigmine 50 ug kg! in adults. These 
findings are impressive and, if substantiated, could 
alter paediatric anaesthetic practice significantly. 
Unlike mivacurium,?43° spontaneous recovery in 
children and adults after rocuronium was at least 
twice as long as that induced by neostigmine 50 pg 
kg-!. In children aged 1-5 yr during halothane 
anaesthesia, spontaneous recovery of T4/T1 to 0.75 
after rocuronium 0.6 mg kg™! had previously been 
shown to occur in a mean time of 41.9 min, which is 
a shorter time than in adults.3! Of note is the wide 
range of recovery of T4/T1 to 0.75 (26.5-57.7 min). 
Such wide variation with the aminosteroid neuro- 
muscular blocking agents is an indication for always 
using at least a small dose of anticholinesterase when 
these drugs are administered. It has been suggested, 
in an interim report, that recovery from rocuronium- 
induced neuromuscular block is slower in young 
children aged 1—4 yr than in older children aged 
5-10 yr during halothane  anaesthesia.?? 
Neostigmine administered at 25% recovery of 
TI/TO again halved the recovery index (25-75% 
T1/T0) in both age groups. Further work is 
necessary on the pharmacokinetics and pharmaco- 
dynamics of rocuronium in children of all ages. 
Nevertheless, it is becoming clear that, after 
administering the newer neuromuscular blocking 
agents, anaesthetists should again question if they 
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are using too much neostigmine. If neuromuscular 
block is being monitored, and recovery is established 
(e.g. all four twitches of the train-of-four response 
are present), neostigmine 2.5 mg may be unneces- 
sary in an adult who has received atracurium or 
mivacurium. Neostigmine 1.25 mg may be prefer- 
able. Decreasing the dose of the anticholinesterase 
may reduce its side effects. In children, smaller doses 
of anticholinesterase are necessary, even after using 
the aminosteroid neuromuscular blocking drugs, 
and especially with mivacurium, when they may not 
be needed at all! 
J. M. HUNTER 

University Department of Anaesthesia 

Royal Liverpool University Hospital 

Liverpool L69 3BX 
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Dose-response relationships for neostigmine antagonism of 
rocuronium-induced neuromuscular block in children and adults 


M. ABDULATIF, H. MowaFl, A. AL-GHAMDI AND M. EL-SANABARY 


Summary 


Dose-response relationships for the antagonism 
of intermediate-acting neuromuscular blocking 
agents have not been evaluated previously in 
children. We have examined the dose-response 
relationships for neostigmine antagonism of 90% 
rocuronium-induced neuromuscular block in 
children and adults, during nitrous oxide-1 MAC 
of isoflurane anaesthesia. We studied 40 children, 
aged 2-10 yr, and 50 adults, aged 18-60 yr; all 
received a single bolus dose of rocuronium 0.6 mg 
kg! and accelerometry was used to monitor 
neuromuscular transmission. When the first 
twitch of the train-of-four (TOF) response (T1) 
recovered to 10% of its control (T0), one of five 
doses of neostigmine 0, 5, 10, 20 or 50 pg kgm 
was given by random allocation to each of the 
study groups (n=8 children and n=10 adults). 
Recovery of T1 and TOF ratio (T4/T1%) was 
recorded for 10 min after initial administration of 
neostigmine. Onset time of rocuronium-induced 
block was faster in children than in adults (mean 
64.6 (95% confidence intervals 57.7-71.5) s vs 83.7 
(70.7-96.6) s; P<0.05). The time to 10% recovery of 
T1/TO was shorter in children than in adults (25.4 
(22.9-27.9) min vs 38.8 (36.1-41.4) min; P<0.001). 
Spontaneous and antagonist-assisted recovery 
were more rapid in children than in adults. 
Adequate recovery (T4/T1 of 80%) occurred in 
children at 4, 5 and 8 min after neostigmine 50, 20 
and 10 pg kg~', respectively. Adequate recovery 
was not produced in adults by any dose of 
neostigmine within 10 min. The effective doses 
of neostigmine required to achieve a TOF ratio of 
80% (ED) after 10 min in children and adults 
were, respectively, 7.10 (5.2-9.8) ug kg~' and 56.56 
(45.5-71.9) ug kg- (P<0.001). There was no 
advantage in administering doses of neostigmine 
greater than 20 pg kg “to antagonize 90% rocuro- 
nium-induced neuromuscular block in children. In 
contrast, it appeared prudent to use neostigmine 
50 wg kg"! or more for adequate antagonism of a 
similar degree of block in adults. (Br. J. Anaesth. 
1996; 77: 710-715) 
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In the past, there was an undocumented belief that 
higher doses of neostigmine were required for adequate 
antagonism of long-acting neuromuscular blocking 
drugs in children.! Later dose-response studies, how- 
ever, showed that the dose of neostigmine required to 
antagonize tubocurarine-, pancuronium- or doxa- 
curtum-induced blocks in children was in the range of 
25-50% of the adult value.23 Also, in a recent 
dose-response study of mivacurium antagonism, Bevan 
and colleagues* reported that, compared with adults, 
children had a very rapid rate of spontaneous recovery to 
the extent that 10 min after antagonism with edropho- 
nium or neostigmine, recovery in children was not very 
different from spontaneous recovery. In a subsequent 
study, the same group proved that it was safe to omit 
antagonism at the end of mivacurium-induced neuro- 
muscular block in children but not in adults.> 

Several dose-response studies have evaluated antag- 
onism of intermediate-acting neuromuscular blocking 
drugs with anticholinesterases in adults.°? Single-dose 
studies of neostigmine antagonism of vecuronium- 
induced block have demonstrated that the rate of 
recovery is age-dependent, being more rapid in child- 
ren than in infants and adults. However, single-dose 
comparisons between adults and children may be 
misleading and dose-response studies are a more 
appropriate alternative. To date, antagonist 
dose-response studies have not been carried out for 
intermediate-acting neuromuscular blocking agents in 
children. Therefore, this study was designed to con- 
struct and compare the dose-response curves for 
neostigmine antagonism of an equivalent degree of 
neuromuscular block induced by the recently intro- 
duced intermediate-acting non-depolarizing neuro- 
muscular blocker, rocuronium, in children and adults 
under similar anaesthetic conditions. 


Patients and methods 


We studied 40 children, aged 2-10 yr (mean 5.3 yr) 
and weighing 10-30 kg (mean 18.4 (SD 5.5) kg) and 
50 adults aged 18—60 yr (mean 31.8 yr) and weigh- 
ing 45-89 kg (mean 64.8 (9.8) kg), ASA I or II. All 
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patients were undergoing low-risk elective surgery. 
This study was approved by the hospital Ethics 
Committee and all children’s guardians and adult 
patients gave written informed consent. We 
excluded any patient suffering from cardiac, vascu- 
lar, respiratory, hepatic, renal, neuromuscular dis- 
orders or small joint arthritis. Patients receiving 
medications known or suspected to affect normal 
neuromuscular transmission were also excluded. 

All children were premedicated with midazolam 
0.5 mg kg™! orally, 20-30 min before surgery. Adult 
, patients were premedicated with diazepam 10-15 
mg orally, approximately 90 min before surgery. In 
the operating room, an i.v. infusion of warm 5% 
glucose in half normal saline solution was given at a 
rate of 4-6 ml kg”! h`! via a peripheral arm vein. 
The ECG was monitored continuously and arterial 
pressure was measured every 5 min. Anaesthesia was 
induced with propofol 3-5 mg kg™! in children and 
with 2-3 mg kg”! in adults, and alfentanil 20 pg 
kg`!. Tracheal intubation was performed without 
the use of neuromuscular blocking agents. 
Anaesthesia was maintained with 70% nitrous oxide 
in oxygen and an age-adjusted end-tidal isoflurane 
concentration of 1 MAC, excluding nitrous oxide 
(1.4-1.6% in children and 1-1.2% in adults).? 
Incremental doses of alfentanil 10 ug kg! were 
given as required. Ventilation was controlled to 
maintain normocapnia (end-tidal carbon dioxide 
partial pressure 4.6-5.3 kPa). 

The temperature of the skin overlying the 
adductor pollicis muscle was monitored and main- 
tained at 32-33 °C. Nasopharyngeal temperature in 
the two age groups was maintained at 36-37 °C by 
the use of a warming mattress. Concentrations of 
isoflurane, nitrous oxide, carbon dioxide and oxygen 
saturation were monitored continuously by a multi- 
ple-gas analyser (Capnomac Ultima-SVI, Datex 
Instrumentarium Corporation, Helsinki, Finland). 
The ulnar nerve was stimulated supramaximally at 
the wrist with square pulses of 0.2 ms duration, 
delivered in a train-of-four (TOF) sequence at 2 Hz 
repeated every 15 s. An acceleration piezo-electric 
transducer (Biometer International, Odense, 
Denmark) was fastened to the volar surface of the 
distal phalanx of the thumb contralateral to the site 
of i.v. fluid infusion. For both children and adults, 
the arm was immobilized in a splint and free move- 
ment during evoked thumb adduction was ensured 
by fixation of the extended four ulnar fingers by an 
elastic bandage or adhesive tape. Registration of 
evoked thumb acceleration, in response to adductor 
pollicis contractions, was carried out using a TOF 
Guard neuromuscular monitor (Biometer Inter- 
national, Odense, Denmark). After stabilization of 
the evoked TOF responses, each patient in the two 
age groups received a single i.v. bolus of rocuronium 
0.6 mg kg7!. 

The onset time of rocuronium-induced neuro- 
muscular block, the time interval between the end of 
injection of rocuronium and the development of 
maximum block, and the time required for spon- 
taneous recovery of the first twitch in the TOF 
response (T1) to a value of 10% of its control 
(T0), were determined for all patients. Neostigmine 
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antagonism was induced at T1/T0 of 10%. Patients 
in the two age groups were allocated randomly using 
closed envelopes to one of five equal dose blocks 
(n=8 for children and n=10 for adults), Patients in 
each age group received either no antagonist (con- 
trol) or one of four doses of neostigmine (5, 10, 20 or 
50 pg kg). Atropine 5-20 ug kg™! was given as 
appropriate. No other antagonist was given for the 
next 10 min and the end-tidal isoflurane concentra- 
tion was not altered. First twitch height and TOF 
ratios (fractional height of the evoked fourth twitch 
in the TOF response in relation to the first twitch 
height T4/T1) were then recorded continuously for 
10 min in the control and after the different doses of 
neostigmine. Additional doses of neostigmine and 
atropine were given if a TOF ratio of 80% was not 
achieved at the end of the 10-min period. All infor- 
mation derived from the acceleration transducer was 
recorded on a memory card and subsequently a 
computer printout was obtained using TOF Guard 
Reader software (Biometer International, Odense, 
Denmark). 

Dose-response curves were constructed using log 
dose vs probit transformation of antagonist-assisted 
recovery of TOF ratios. Antagonist~assisted recovery 
was defined as total recovery minus spontaneous 
recovery that would have taken place in the absence 
of neostigmine. This was calculated by subtracting 
from the total recovery of the TOF ratio mean spon- 
taneous recovery observed in patients who did not 
receive neostigmine. The result was expressed as a 
percentage of the maximum possible antagonist- 
assisted recovery, which is equal to 100% minus 
percentage mean spontaneous recovery.°? Linear 
regression analyses of the dose-response curves were 
used to calculate the effective doses of neostigmine 
required to achieve 50% and 80% recovery of the 
TOF ratio (EDs) and ED jp, respectively), every 
minute for 10 min after initial administration of 
neostigmine. Regression lines were compared using 
analysis of covariance. First we tested the lines to 
determine if they deviated from parallelism; if they 
did not, the F test was applied to determine if the 
elevations were different. If so, Newman-Keuls 
multiple comparison test was applied to determine 
which line differed in elevation.!° Unpaired t test Was 
used to compare the two age groups with respect to: 
overall onset times, times to 10% recovery of T1/T0, 
T1 and TOF ratio at 5 and 10 min in the control and 
after different doses of neostigmine. For each age 
group, Dunnett’s test was used to compare the 
degree of recovery of T1 and TOF ratio recorded at 
5 and 10 min after different doses of neostigmine to 
the corresponding values recorded in the control 
group.!° Unless otherwise specified, all results are 
expressed as mean (95% confidence intervals) and 
were considered statistically significant when 
P<0.05. Most of the statistical analyses were per- 
formed using SPSS 6.0 statistical package for 
Windows. 


Results 


All patients in the two age groups developed 100% 
neuromuscular block in response to the bolus doses 


712 


First twitch height (T1/T0%) 





0 2 4 6 8 10 
Time (min) 


Figure 1 Mean total recovery of the first twitch height vs time 
after administration of various doses of neostigmine to 
antagonize 90% rocuronium-induced neuromuscular block in 
children (Ch) and adults (Ad). Error bars were omitted for the 
sake of clarity. 


of rocuronium. The overall onset time of rocuro- 
nium-induced neuromuscular block in children was 
faster than that in adults (64.6 (57.7-71.5) s vs 83.7 
(70.7-96.6) s; P<0.05). The time required for 10% 
spontaneous recovery of T1/T0O after rocuronium 
was shorter in children than in adults (25.4 
(22.9-27.9) min vs 38.8 (36.1-41.4) min; 
P<0.001). 

At the end of surgery, first twitch height always 
recovered to baseline in the two age groups. 
Spontaneous and antagonist-assisted recovery were 
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Figure 2 Mean total recovery of the train of four (TOF) ratio 
(T4/T1%) us time after administration of various doses of 
neostigmine to antagonize 90% rocuronium-induced 
neuromuscular biock in children (Ch) and adults (Ad). Error 
bars were omitted for the sake of clarity. 


more rapid in children than in adults. The courses 
of T1 and total recovery of the TOF ratio over the 
10-min period in the control and after different 
doses of neostigmine in children and adults are 
shown in figures 1 and 2, respectively. Doses of 
neostigmine in the range 10-50 yg kg™! resulted in 
more than 90% recovery of T1 and adequate total 
recovery of the TOF ratio (80% or more) by the end 
of the 10-min period in children (table 1). A level of 
80% TOF ratio was achieved in children at 4, 5 and 
8 min after initial administration of neostigmine 50, 


Table 1 Total recovery of the first twitch in the train-of-four (T1) in relation to control (T0) and train-of-four 
(TOF) ratio, spontaneously and after different doses of neostigmine in children and adults. Values are mean 
(95% confidence intervals). *Significantly different from the same dose of neostigmine in adults; tsignificantly 


different from control in the same age group 


TI/TO% 


TOF ratio (T4/T1%) 


Children (n=8 each) 
Control 0 pg kg7! 
Neostigmine 5 yg kg7! 
Neostigmine 10 ug kg”! 
Neostigmine 20 pg kg™! 
Neostigmine 50 pg kg™! 

Adults (n=10 each) 
Control 0 ug kg™! 
Neostigmine 5 ug kg™! 
Neostigmine 10 pg kg™! 
Neostigmine 20 pg kg™! 
Neostigmine 50 pg kg! 


5 min 


31.7 (24.1-39.2)* 
61.6 (46.9-76.2)*$ 
68.8 (63.8-73.9)*+ 
79.0 (70.1-87.8)*+ 
85.1 (79.5-90. 7t 


21.6 (17.9-25.3) 

32.5 (26.4-38.5)+ 
39,2 (33.4-45.0)t 
44.1 (38.7-48.2)+ 
81.6 (75.9-90.7)+ 


10 min 


55.1 (41.5-68.7)* 
87.3 (76.1-98.6)*+ 
93.7 (88.7-98.7)*¢ 
93.7 (89.7-97.7)*+ 
96.1 (92.0-99.0)t 


35.0 (26.7-45.2) 

54.2 (42.1-65.2)+ 
63.2 (52.5-73.0)t 
68.7 (61.7-74.1)+ 
95.8 (94.0-98.3)+ 


5 min 


24.3 (19.9-28.6)* 
39.1 (17.1-61.1)* 
61.7 (50.5-72.9)*+ 
84.6 (73.6-95.6)*+ 
92.5 (85.8-99.0)*+ 


51 (00.0-11.0) 
11.5 (07.5-18.4) 
25.6 (21.3-31.2)t 
37.9 (28.1-47.6)+ 
61.8 (50.8-71.1)} 


10 min 


48.0 (39.0-57.9)* 

73.0 (54.8-91.9)*$ 
88.5 (81.7-95.2)*+ 
97.7 (94.9-99.0)*+ 
98.7 (96.1-99.9)*¢ 


18.7 (07.3-29.9) 
29.1 (22.8-35.7) 
47.2 (39.1-56.4)+ 
61.7 (51.1-71.0)+ 
77.6 (67.3-83.6)t 


Table 2 Effective doses of neostigmine required for 50% (EDso) and 80% (EDgg) antagonist-assisted recovery of 
the train-of-four ratio in children and adults. Values are mean (95% confidence intervals) 


Time after initial injection of neostigmine 


EDs (ug kg7!) 
EDgp (ug kg7!) 


Children 


9.86 (7.6-12.8) 
17.51 (13.4-22.9) 


4.17 (3.0-5.7) 


Adults 


34.38 (24.0-42.5) 
101.23 (81.5-126.5) 


21.30 (17.2-26.8) 


56.56 (45.5-71.9) 


7.10 (5.2-9.8) 
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Figure 3 Dose-response curves of train-of-four (TOF) ratio 
recovery (probit scale) constructed at 5 and 10 min (A, A= 
children and @, O=adults) us dose of neostigmine (log scale) 
during antagonism of 90% rocuronium-induced neuromuscular 
block. Individual points represent mean values of antagonist- 
assisted TOF ratios attained with each dose of neostigmine. 
Error bars represent 95% confidence intervals. 


20 and 10 pg kg™!, respectively (fig. 2). In contrast, 
only the highest dose of neostigmine (50 pg kg@!) 
resulted in substantial recovery of T1 to reach a 
value of 95.8 (94.0-98.3) % after 10 min in adults. 
However, adequate total recovery of 80% TOF ratio 
was not achieved with any of the four doses of 
neostigmine in adults within the same time interval 
(table 1, fig. 2). It is interesting to note that with 
respect to TOF recovery, neostigmine 5 pg kg™! in 
children was as effective as 50 wg kg@! in adults after 
10 min (table 1, fig. 2). 

The dose-response curves for antagonist-assisted 
TOF ratio recovery at 5 and 10 min were parallel in 
the two age groups (fig. 3). For each group, the lines 
constructed at 10 min were shifted significantly to 
the left from those constructed at 5 min (P<0.001 in 
children and P<0.05 in adults). The dose-response 
curves for children were shifted significantly to the 
left compared with those for adults (P<0.001). The 
effective doses of neostigmine required to achieve 
50% (EDs) and 80% (EDs) antagonist-assisted 
recovery of the TOF ratios at 10 and 5 min were 
significantly lower in children compared with adults 
(table 2). The values for EDs 9, EDgo in children and 
ED,» in adults are expressed as a function of time 
in figure 4. The EDs values for adults were 
consistently higher than the EDs) and EDgy values in 
children. 


Discussion 


Antagonism of non-depolarizing neuromuscular 
block may depend on several factors including: type 
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and dose of anticholinesterase,°? !! degree of block at 
the time of antagonism,!?"5 anaesthetic technique 
used,!® rate of spontaneous recovery and type of 
neuromuscular blocking drug.®!7!8 In this study, 
most of these factors were standardized for the two 
age groups. The anaesthetic and neuromuscular 
monitoring techniques were similar and equal doses 
of neostigmine were used to antagonize 90% neuro- 
muscular block after single standard intubating 
doses of rocuronium. Despite these apparent simi- 
larities, children had a more rapid onset and a 
shorter duration of rocuronium-induced neuro- 
muscular block. A more rapid rate of recovery was 
also produced with substantially lower doses of 
neostigmine in children compared with adults. 
These age-related differences in response to rocuro- 


‘nium-induced neuromuscular block and its antago- 


nism with neostigmine may have a kinetic or 
dynamic basis, or both. 

Fisher and colleagues? demonstrated that the 
steady state volume of distribution for neostigmine 
in infants and children is not different from that in 
adults. However, infants and children have shorter 
elimination half-lives for neostigmine and more 
rapid clearance rates than adults. Therefore, the age- 
related differences in the rate of recovery and 
antagonist requirements do not seem to have a 
neostigmine-related kinetic basis.!9 Local differences 
at the neuromuscular junction such as acetylcholine 
reserves, acetylcholinesterase enzyme activity or the 
quantity of receptors at the neuromuscular junction 
have been suggested as possible contributing 
factors for the lower dose requirements of anti- 
cholinesterases in paediatric patients.?° In contrast, 
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Figure 4 Effective doses for 50% (EDs 9) and 80% (EDgp) 
antagonist-assisted train-of-four (TOF) ratio recovery us time for 
neostigmine antagonism of 90% rocuronium-induced 
neuromuscular block in children and adults. Error bars represent 
95% confidence intervals. Time 0=time of administration of 
neostigmine. The EDgo values for adults are not presented 
because they fell outside the range of the doses tested and were 
too high to be of clinical relevance. 
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it is well known that there are age-related pharmaco- 
dynamic and pharmacokinetic differences in the 
response to non-depolarizing neuromuscular block- 
ers.!2!-23 The more rapid circulation time and 
increased cardiac output in children are expected to 
expedite drug delivery to the neuromuscular junc- 
tion and its removal.?3-?5 Clinically, this results in 
acceleration of onset of neuromuscular block, more 
rapid rate of spontaneous recovery and reduction in 
duration of block in children. This was confirmed 
with the use of rocuronium in this and other 
studies.’ In common with other neuromuscular 
blocking drugs, children have a shorter elimination 
half-life for rocuronium.2”? Smith, Donati and 
Bevan® suggested that the use of intermediate-acting 
neuromuscular blocking agents is associated with 
rapid reductions in their concentrations at the bio- 
phase. This implies that, with time, fewer receptors 
are occupied by the neuromuscular blocking drug 
with a consequent improvement in both total and 
antagonist-assisted recovery. This was probably the 
case in this study, as the effective doses of neostig- 
mine were reduced progressively with time (fig. 4). 
Therefore, it appears more likely that the more rapid 
rate of spontaneous recovery from the effects of 
rocuronium-induced neuromuscular block was the 
predominant mechanism to explain the reduced 
neostigmine dose requirements and the more 
complete recovery observed in children. 

Our results are in agreement with previously 
reported trends for antagonism of long-acting 
neuromuscular blockers, tubocurarine, pancuro- 
nium and doxacurium, in the two age groups.?3 
However, the effective doses of neostigmine required 
for adequate TOF recovery were reduced consider- 
ably when rocuronium rather than longer-acting 
neuromuscular blockers were used.? Differences 
between the effectiveness of neostigmine antagonism 
of long- and intermediate-acting neuromuscular 
blockers have been recognized previously in adults 
and were attributed to different rates of spontaneous 
recovery.2829 

Rocuronium has a relatively longer duration of 
action than mivacurium in both adults?°3! and child- 
ren.?’32 Therefore, at a comparable degree of neuro- 
muscular block, anticholinesterases are expected to 
be more effective in antagonizing the effects of the 
latter.29 However, Bevan and colleagues* reported 
recently that 10 min after administration of neostig- 
mine 0, 5, 10, 20 and 50 pg kg! to antagonize 
approximately 90% mivacurium-induced block in 
children during nitrous oxide—propofol—fentanyl 
anaesthesia, the TOF ratio had recovered to mean 
83.7 (SD 5.2) %, 79.3 (6.9) Y%, 92.8 (8.1) %, 92.2 
(6.3) % and 97.0 (2.7)%, respectively. Our corre- 
sponding mean values for neostigmine antagonism 
of rocuronium in children were: 48.0 (95% confi- 
dence intervals 39.0-57.9) %, 73.0 (54.8-91.9) %, 
88.5 (81.7-95.2) %, 97.7 (94.9-99.0) % and 98.7 
(96.1~-99.9) %, respectively. It is clear that when no 
antagonist was given, spontaneous recovery was more 
pronounced during recovery from mivacurium- than 
rocuronium-induced neuromuscular block. There- 
fore, the presence of comparable degrees of antago- 
nist-assisted recovery may reflect a more effective 
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neostigmine antagonism of rocuronium than 
mivacurium-induced neuromuscular block in child- 
ren. This finding may appear surprising, however, 
factors other than anticholinesterase activity at the 
acetylcholine receptor level may be considered in the 
return of neuromuscular activity after administration 
of neostigmine. Szenohradszky and colleagues?? 
reported recently that neostigmine was less effective 
in antagonizing the neuromuscular effects of mivac- 
urium than vecuronium when administered during a 
continuous infusion of each blocker. In the same 
study, administration of neostigmine was associ- 
ated with increased plasma concentrations of 
mivacurium. The authors suggested that the neostig- 
mine-induced increase in mivacurium plasma con- 
centrations may be responsible for the less effective 
antagonism compared with vecuronium. Neostig- 
mine is a potent inhibitor of the butrylcholinesterse 
enzyme which is important for spontaneous recovery 
from mivacurium-induced neuromuscular block.*435 

In this study, inhalation of isoflurane was con- 
tinued during the reversal process to ensure 
adequate depth of anaesthesia and prevent 
accidental patient movement in response to surgery, 
peripheral nerve stimulation, or both. This may be 
partly responsible for the increased dose require- 
ments of neostigmine in adults. Other investigators 
have also reported that neostigmine doses in the 
range 40-50 pg kg™! were required for adequate 
antagonism of 90% neuromuscular block induced by 
other intermediate-acting neuromuscular blockers 
during enflurane anaesthesia in adults.2%37 Main- 
tenance of anaesthesia with enflurane or isoflurane 
has been reported to impede the reversal process.16 
In clinical practice, however, inhalation anaesthetics 
are usually discontinued at the time of antagonism. 
This has been shown to reduce but not eliminate 
impairment of the reversal process.?8 
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Comparison of the effects of mivacurium on the diaphragm and 


geniohyoid muscles 


G. D'HONNEUR, V. SLAVOV, J.-C. MERLE, K. Kirov, J.-M. RIMANIOL, L. SPERRY AND 


P. DUVALDESTIN 


Summary 


Although subjects often report difficulty with 
swallowing shortly after receiving neuromuscular 
blocking agents, difficulty with swallowing during 
recovery from neuromuscular blocking agents 
appears to be infrequent. We have used electro- 
myography to compare onset and recovery at the 
diaphragm and geniohyoid airway muscles after 
an intubating dose of mivacurium (0.2 mg kg~‘) to 
determine if the genichyoid muscles were particu- 
larly sensitive to neuromuscular blocking agents. 
Tweive adults undergoing elective surgery were 
anaesthetized with propofol and fentanyl and the 
trachea intubated without neuromuscular blocking 
agents. The left hypoglossal and right phrenic 
nerves were stimulated with percutaneous needle 
electrodes and the electromyogram recorded 
with surface electrodes. EMG responses were 
measured after a bolus dose of mivacurium 0.2 mg 
kg71. Recordings were also made of the mechani- 
cal response of the adductor pollicis to supramaxi- 
mal ulnar nerve stimulation. There was no 
difference in the rate of onset of block for genio- 
hyoid muscles and the diaphragm, but recovery to 
25% and 90% of the contro! response was shorter 
at the diaphragm (median 14.5 (95% confidence 
limits 12.9-15.3) min and 23.8 (21.7-26) min) than 
at the geniohyoid muscle (19.4 (15.6-20.1) min and 
29.2 (26.3-31.4) min), respectively (P < 0.05). When 
the train-of-four ratio of the mechanical response 
of the thumb reached 70%, the diaphragm and 
geniohyoid muscles had recovered completely in 
all patients. (Br. J. Anaesth. 1996; 77: 716-719) 
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Neuromuscular block, mivacurium. Muscle 
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A degree of neuromuscular block that does not affect 
quiet breathing may impair upper airway muscle 
function, interfering with airway patency and swal- 
lowing, and the responses that protect against aspira- 
tion. Clinical reports suggest that during onset of 
neuromuscular block, the muscles of the tongue are 
more sensitive to blockers, and swallowing can be 
affected by small doses, of the magnitude used 
for “priming”.! During recovery, the tongue has a 


response similar to that of the hand muscles.? Such 
reports suggest that inadvertent residual block may 
affect the upper airway and hand muscles more 
markedly than the diaphragm, but few data are avail- 
able which have compared the relative sensitivity of 
these muscles to non-depolarizing neuromuscular 
blocking agents. 

We have compared the evoked responses of the 
diaphragm and geniohyoid muscles during onset and 
recovery from mivacurium. We hypothesized that 
there would be a more prolonged effect on the genio- 
hyoid. We chose mivacurium to reduce the likeli- 
hood of large variation in recovery times between 
subjects.? 


Patients and methods 


After obtaining local Ethics Committee approval 
and informed consent, we studied 12 patients (eight 
men), ASA I or Il, undergoing elective surgery. 
Patients were aged 31-62 yr and had no history of 
previous abnormal response to neuromuscular 
agents. No premedication was given. Before induc- 
tion of anaesthesia, a venous blood sample was 
obtained for analysis of plasma pseudocholinesterase 
activity using butyrylthiocholine as substrate 
(normal values 3000-7000 iu litre™!). Anaesthesia 
was induced with propofol 2.5 mg kg™! and fentanyl 
2 wg kg! and tracheal intubation was performed 
2 min later without the use of neuromuscular block- 
ing agents. Anaesthesia was continued with 60% 
nitrous oxide in oxygen and a continuous i.v. infu- 
sion of propofol 3-7 mg kg~! h`! supplemented by 
bolus doses of fentanyl 1 wg kg™! every 30 min. 
Ventilation was controlled to maintain an end-tidal 
carbon dioxide concentration of 3.5-4.5%. The 
patient was placed supine with the head fixed firmly 
in a neutral position, and covered with a warm air 
heating blanket (Bair Hugger, Augustine, La Praye, 
Switzerland). 

The right phrenic nerve was stimulated using per- 
cutaneous insulated needle electrodes (Komed, 
Jacksonville, FL, USA) inserted at the inferolateral 
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edge of the sternomastoid muscle, 1.5-3.5 cm deep. 
The electrode was inserted anterior to the scalene 
muscles at the level of the cricoid cartilage and 
directed inferiorly, anteriorly and medially. 
Satisfactory stimulation of the nerve caused a hic- 
cuping movement of the right hemidiaphragm, with 
no activity of muscles supplied by the brachial 
plexus. The electrode was fixed in position with 
adhesive tape. The activity of the diaphragm was 
measured by placing two silver—silver chloride sur- 
face electrodes, 2 cm apart, in either the seventh or 
eighth intercostal space between the right anterior 
axillary and midclavicular lines where the response 
was maximal. 

The left hypoglossal nerve was stimulated with the 
same type of percutaneous electrodes placed to a 
depth of approximately 1 cm under the angle of the 
mandible and directed anteriorly.2 The activity of 
the geniohyoid muscles was measured with surface 
electrodes, placed 2 cm apart, midway between the 
mentum and the hyoid bone, between 0.5 and 
1.5 cm lateral to the midline on the same side as 
the stimulating electrodes. Supramaximal stimuli 
(20-35 mA) were applied at 0.1 Hz and the rate 
of mechanical ventilation was adjusted so that the 
stimuli occurred at the end of expiration. 

The activity of the muscles was amplified and 
recorded with a gated EMG amplifier using a latency 
of 2 ms and a window of 10 ms (Viking 2, Nicolet 
Instruments, Trappes, France). We measured the 
peak-to-peak amplitude of the compound action 
potential. 

The left ulnar nerve was stimulated supramaxi- 
mally at the wrist with surface electrodes using train- 
of-four (TOF) stimulation every 12 s. The force of 
contraction of the adductor pollicis was measured 
with a force transducer (Entran, Clayes sous Bois, 
France). 

After steady responses for each muscle had been 
present and recorded for 3 min, a single dose of 
mivacurium 0.2 mg kg~! was given i.v. over 10 s and 
the evoked EMG responses and force of contraction 
of the thumb recorded until full recovery. ‘The times 
to 90% and maximum effect during onset, and to 5, 
10, 25, 50, 75 and 90% of the control response 
during recovery were measured for all muscles. We 
calculated the recovery index as the time taken to 
recover 25—75% of the evoked response. We noted 
the time that the thumb TOF ratio (fourth to first 
response) became 70%. 

Onset and recovery times were compared between 
the geniohyoid and diaphragm muscles with the 


717 


Wilcoxon rank sum test, using the SIPHAR statisti- 
cal program (Simed, Creteil, France). P < 0.05 was 
considered significant. Times are reported as median 
(95% confidence intervals). 


Results 


Mean age of the patients was 50 (range 31-72) yr and 
mean weight 70 (sD 12) kg. Plasma pseudo- 
cholinesterase activities were within the normal range, 
with a mean value of 4390 (sp 990) iu litre7!. There 
were no adverse events or clinically important changes 
in heart rate or arterial pressure during the study. 

The times to 90% and maximal depression of 
response were similar for the diaphragm and genio- 
hyoid muscles. Figure 1 shows the time course of 
recovery of muscle responses after mivacurium, and 
the times of onset and recovery are given in table 1. 
Recovery times for the diaphragm were significantly 
less than those for the geniohyoid. Recovery indices 
of the diaphragm and genichyoid muscles were sim- 
ilar and significantly less than the values for the 
thumb. At 70% TOF for the thumb, the responses of 
the geniohyoid muscles and diaphragm had returned 
to control values in all subjects. 

Recovery of the electromyogram signal was 
usually complete. At full recovery, the absolute per- 
centage differences between the responses measured 
after administration of the neuromuscular blocking 
agent, compared with the response obtained before 
the drug, were 3.5 (0.8-18.8) % for the geniohyoid 
and 3.0 (0.5-7.1) % for the diaphragm. 
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Figure 1 Time course of recovery of the geniohyoid (@) and 
diaphragm (O) responses after administration of mivacurium 0.2 
mg kg”! i.v. (median, 95% confidence intervals). 


Table 1 Onset and recovery characteristics for the diaphragm, genichyoid and adductor pollicis (median (5-95% 
confidence limits of the mean)). *Significant differences between diaphragm and gehiohyoid muscles (P <0.05); 
ttsignificant differences between adductor pollicis and both diaphragm and geniohyoid (P <0.01) 


Diaphragm 





Geniohyoid Adductor pollicis 





Onset (90% block) (s) 
Onset (max. block) (s) 
Maximum depression (%) 


130 (127-157) 
158 (139-177) 
100 (98.5~100) 


Recovery (10% block) (min) 12 (11-13) 
Recovery (50% block) 19 (15-18) 
Recovery (90% block) 24 (22-26) 
Recovery index (min) 6.2 (5.3-7.0) 


155 (151-182) 
192 (185-213) 


122 (116-52) 
161 (145-177) 


100 (99-100) 100 (100-100) 
15 (13-17)* 25 (23-28)t+ 
22 (18-23)* 33 (31-37) t+ 
29 (26-31)* 38 (35-43) + 

5.75 (5.2-7.6) 9.9 (8.6-11.1) 
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Discussion 


We used the evoked response of the EMG to 
measure neuromuscular block in the diaphragm and 
geniohyoid muscles, because estimation of the 
mechanical responses of these muscles is complex 
and invasive. When resting muscle length is constant 
(i.e. preload is constant) and length during contrac- 
tion does not alter (i.e. the transducer used has a 
large elastance), neural activation of a muscle, the 
evoked EMG activity, and the tension developed are 
closely related. Under experimental conditions, 
diaphragmatic contraction assessed by transdia- 
phragmatic pressure correlated well with the EMG 
signal* and it is likely that under the conditions of 
this study both measurements would have yielded 
similar results. In some circumstances EMG assess- 
ment of neuromuscular transmission, such as we 
used, may not indicate true functional state of the 
muscle. It is necessary to separate the effects on 
transmission, force generation and mechanical 
activity (lengthening or shortening). Measurement 
of an evoked response to a single stimulus is not 
affected by factors such as fade, which may be pre- 
sent when the muscle is activated with natural neural 
frequencies. However, if both EMG and mechanical 
response are measured in these circumstances, these 
responses are likely to be equally affected by factors 
that affect transmission, such as fade. Factors that 
alter muscle contractility or coordination may 
adversely affect airway protection and stability, even 
when neuromuscular transmission is satisfactory, 
and neuromuscular transmission has also to be 
assessed at physiological frequencies to be certain 
that this is so.5 

We studied the geniohyoid muscle with EMG 
surface electrodes, and it is possible that activity 
from other facial muscles could have caused interfer- 
ence. However, because unilateral selective stimula- 
tion of a hypoglossal nerve is unlikely to cause 
significant activation of other muscles, and the posi- 
tion of the recording electrodes was close to the 
muscles studied, we are confident that the method 
allowed specific assessment of the mylohyoid—genio- 
hyoid muscle complex. These muscles act to main- 
tain airway patency® and are involved in the initial 
phase of swallowing. Impairment of neuromuscular 
transmission of these muscles can impair pressure 
generation during swallowing’? but the timing of 
muscle activation does not appear to be reduced, 
indicating that coordination is less affected. 

The dose of mivacurium chosen caused complete 
paralysis of the diaphragm in 11 of 12 subjects, 
despite resistance of this muscle to the action of non- 
depolarizing neuromuscular blocking agents. As the 
dose chosen was 2.5-3 times the EDs for the 
thumb,’ when given during nitrous oxide—-opioid 
anaesthesia, it is not surprising that it caused rapid 
and almost complete paralysis of the diaphragm. 

With this large dose, the onset of action at the 
geniohyoid muscles and diaphragm was similar, 
probably reflecting similar kinetic factors, such as 
muscle blood flow.2 The onset of facial and 
diaphragm paralysis are similar and measurement of 
orbicularis oculi responses has been suggested as a 
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good index of the time necessary for intubation.’ 
In this study, loss of transmission for both the 
geniohyoid and diaphragm occurred at the same 
time, reinforcing the value of facial paralysis as a 
marker of adequate relaxation for intubation, which 
requires good relaxation of both diaphragm and 
pharyngeal muscles. Onset of neuromuscular block 
at the arm takes longer, indicating a smaller blood 
flow to the arm than to the diaphragm.!° 

Although during onset of action the importance of 
kinetic factors is great, during recovery the relative 
potencies of blockers at the two sites becomes more 
relevant as blood and tissue concentrations decrease 
progressively and in parallel.!1 In some studies, 
although the dose-response relationship was not 
assessed formally, relative transmission during 
recovery has been taken as a reasonable index of 
relative potencies,® particularly for longer-acting 
agents. During steady state neuromuscular block 
and recovery, sparing of the diaphragm relative to 
other muscles is well described.!* The differences 
between the diaphragm and geniohyoid muscles in 
this study showed that the diaphragm has a greater 
margin of safety than the geniohyoid muscles, 
although this difference was not marked with 
mivacurium. 

We tested the hypothesis that the actions of the 
neuromuscular blocking agent, mivacurium, would 
differ during onset of effect and recovery from 
effect, and that recovery of the geniohyoid muscles 
would be slow and similar to that of the thumb. 
Previous studies performed under similar condi- 
tions have suggested that the airway muscles are 
much more sensitive to neuromuscular blocking 
agents than the diaphragm, and hence patients may 
be unable to overcome airway obstruction or to 
clear the airway of foreign material despite respira- 
tory muscle activity adequate for ventilation alone. 
Isono and co-workers showed in dogs that genio- 
hyoid block was more intense than diaphragm block 
during onset and recovery from the action of 
vecuronium.!3 In patients, the same group or inves- 
tigators found that partial neuromuscular block dis- 
turbed swallowing even though ventilation was 
adequate.” However, there has been no study in 
humans where simultaneous recovery of the two 
muscle groups has been assessed using the same 
method. 

Although we found some difference, this was less 
than might have been predicted. Recovery after 
mivacurium may be more dependent on kinetic 
factors than recovery from other agents. Although 
blood flow may not normally affect recovery with 
agents such as atracurium and vecuronium, it may 
be a more important factor in the termination of 
action of agents with a very short half-life, such as 
mivacurium, leading to a faster recovery and shorter 
recovery index in the geniohyoid muscles because 
they seem to have a large blood flow. 

When the TOF ratio for the thumb was 70%, no 
residual depression of either the diaphragm or genio- 
hyoid muscle was present, showing that recovery 
from an intubating dose of -mivacurium confers a 
greater safety margin for the geniohyoid muscles 
than for atracurium and vecuronium.” 
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Concentration-related effects of propofol on the auditory evoked 


response 


M. A. Too ey, G. L. GREENSLADE AND C. PRYS-ROBERTS 





Summary 


We have studied the effects of propofol, as the sole 
agent, at blood concentrations of 1-10 pg mi, on 
the first 100 ms of the auditory evoked response 
{AER) in 41 women before gynaecological surgery. 
AER were recorded with the patients awake and 
then after 30 min of one of seven stepped infusion 
regimens. Each patient was studied at only one 
blood concentration. The recordings were edited 
and processed off-line by coherent signal averag- 
ing, to obtain reliable estimates of each AER. We 
measured standard features, such as amplitudes 
and latencies of brainstem wave V and the 
mid-latency waves Na, Pa and Nb. In addition, we 
studied several composite indices, intended to 
give a more global characterization of the AER. We 
derived relationships between the doses and blood 
concentrations of propofol, features of the AER 
and response to eyelash stimulus and venepunc- 
ture. Nb latency was better than either concentra- 
tion or dose rate of propofol in providing a 
confident explanation of the likelihood of eyelash 
response (which parallels the response to com- 
mand). A cut-off value of 53 ms had a sensitivity of 
100%, a specificity of 96% and an overall correct- 
ness of 98% as a discriminator of eyelash response 
vs no response. Several alternative AER-derived 
indices provided more than 90% correctness in dis- 
crimination, as did a dose rate of propofol of 
6.3-7.8 mg kg~1h~' or a blood concentration of 2.9 
pg m!~'. We conclude that the concentration and 
dose of propofol were good discriminators of 
response to venepuncture, while the latency of 
the Na wave was the most successful of the AER 
features. (Br. J. Anaesth. 1996; 77: 720-726) 


Key words 

Anaesthetics i.v., propofol. Brain, electroencephalography. 
Monitoring, evoked potentials. Monitoring, electroen- 
cephalography. 


Graded changes in the auditory evoked response 
(AER) occur as concentrations of anaesthetic agents 
are altered, mainly in the mid-latency waves (15-80 
ms).! Brainstem components are said to be 
unchanged by anaesthetics, while later components 
(>80 ms) are probably too affected by mental 
activity?? to allow the effects of anaesthetics to be 


discerned accurately. Several workers have tried to 
demonstrate loss of implicit/explicit memory during 
anaesthesia, correlating it with the AER, but results 
so far are inconclusive.*> 

Previous studies of AER during anaesthesia have 
included the effects of several drugs in combina- 
tion®? and have been limited to small numbers of 
patients (i.e. 6-10 patients) or short exposure times 
that may not have allowed steady states to be estab- 
lished in brain or blood. Forrest and colleagues!’ 
found that the changes in the electroencephalogram 
(EEG) were unstable during the first 10-15 min ofa 
targeted propofol infusion regimen. Only after 20 
min did a steady neurophysiological state emerge. In 
this study we used propofol as a sole agent in 
patients free from surgical stimulation. We 
attempted to determine how the shape of the 
transient AER varied with a range of stable blood 
concentrations. The responsiveness of patients to 
standardized stimuli was assessed. Each patient was 
subjected to only one concentration of propofol. 


Patients and methods 


With approval from the local research Ethics 
Committee and written informed consent, we 
studied 41 healthy women, ASA I or II, median age 
40 (range 25-71) yr. The patients were undergoing 
elective gynaecological surgery and receiving no 
medication other than hormone replacement 
therapy or oral contraceptives. We attached two sets 
of bipolar silver—silver chloride electrodes in a con- 
ventional configuration.!! One set was placed on the 
vertex (positive) and 2 cm above the inion (nega- 
tive), and the other on the vertex (positive) and the 
earlobe (negative), with the forehead as reference. 
We applied them in the ward and ensured stable 
impedances below 5 kQ. In the anaesthetic room we 
sited an i.v. cannula and started routine clinical 
monitoring with ECG, non-invasive arterial pressure 
measurement and pulse oximetry. 

We made a set of baseline AER recordings (see 
below) with patients awake and relaxed, with eyes 
lightly closed. Patients then received propofol from a 
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Table 1 Infusion schemes for the seven groups of patients. Six patients were allocated to each group except for 











group 7 which had five patients 
Initial dose Infusion 1—after initial dose Infusion 2—after 10 min | Infusion 3—after 20 min 
Group = (mg kg") (mg kg bo!) (mg kg? hh?) (mg kg? 7) 
1 0.7 7 5.6 4.2 
2 1 10.3 8.2 6.2 
3 1.35 13.5 10.8 8.1 
4 1.68 16.8 13.4 10.1 
5 2 20 16 12 
6 2.5 25 20 15 
7 3 30 24 18 


calibrated infusion pump (Graseby 3400 series) 
according to one of seven different manually con- 
trolled infusion schemes (table 1). These were 
intended to achieve and maintain a range of stable 
blood concentrations of propofol!” between 1.0 and 
10.0 pg ml~!, with corresponding states of respon- 
siveness between light sedation and deep uncon- 
sciousness.!3 The infusions were allocated openly 
and sequentially in blocks of seven (i.e. first patient 
to group 1, second patient to group 2, ... seventh 
patient to group 7, eight patient to group 1, etc.). 
Patients breathed spontaneously. Sedated patients 
received oxygen 4 litre min™! through a Hudson 
mask. Anaesthetized patients received 40% oxygen 
from an entrainment T-piece via a laryngeal mask 
airway. 

We made repeat recordings of AER at 10, 20 and 
30 min after the start of the propofol infusion. Only 
recordings at 30 min were considered for this study. 
Immediately after the 30-min recordings, we 
recorded each patient’s responses to the instruction 
“open your eyes”, stroking an eyelash and venepunc- 
ture. We obtained venous blood samples from the 
contralateral arm to the infusion, which were stored 
in oxalate tubes for subsequent assay by high pres- 
sure liquid chromatography (HPLC).'4 This had a 
coefficient of variation of 7.3% at a propofol concen- 
tration of 2.0 pg ml-!. The laboratory staff were 
unaware of the dose regimen. Anaesthesia for 
surgery was then provided by the anaesthetist 
covering the operating list. 


AER RECORDING EQUIPMENT 


We used an 80486 computer (Elonex plc, London, 
UK) to control two signal processing microproces- 
sors (CED 1401 plus, Cambridge Electronic Design 
Ltd, Cambridge, UK), one as a flexible auditory 
stimulator and the other for data acquisition. The 
stimulator unit contained software (AUDPLUS, 
Cambridge Electronic Design) that allowed pre- 
programming of the qualitative and quantitative 
characteristics of the stimuli. These were delivered 
from a fixed-gain buffer amplifier via insert head- 
phones at amplitudes 80 dB above the normal hear- 
ing threshold. Each set of recordings contained the 
responses to 500 bursts of a 2-kKHz tone of 5 ms 
duration, followed by 500 rarefaction clicks of 
0.5 ms duration. 

We recorded a “sweep” of raw EEG data lasting 
128 ms after each stimulus on a high quality, patient- 
isolated EEG amplifier (CED 1902). Its settings 
(gain, calibration and filtering) were controlled by 


the computer acquisition software. The amplifier 
had second-order, high-pass and low-pass filters set, 
respectively, to 3 dB points of 15 and 200 Hz. Data 
acquisition software (SIGAVG, Cambridge 
Electronic Design) controlled the repetition rate of 
the auditory stimulus (5.9 Hz), duration of “sweep” 
(128 ms) after each stimulus and sampling fre- 
quency of the EEG signals (1 kHz) during each 
sweep. Each sub-set of 500 sweeps took approxi- 
mately 90 s. A monitor displayed the real-time 
coherent average AER and the sweeps were stored 
on disk for definitive off-line processing. 


AER PROCESSING (OFF LINE) 


Off-line processing of each sweep consisted of 
iterative loops of editing and coherent averaging (to 
obtain the most reliable estimate of the AER) 
followed by feature extraction from the best 
estimate. Editing was done semi-automatically using 
custom-designed signal processing software (SPIKE 
2 language, Cambridge Electronic Design). 
Additionally, all sweeps were digitally filtered by a 
15-Hz high-pass filter to remove low frequency 
EEG. 


Editing and coherent averaging 


Coherent averaging is a signal processing strategy for 
extracting a small response from a background of 
random overwhelming noise in sweeps of recorded 
signals after a repeated stimulus. As a running average 
is obtained of the values of a signal after each stimu- 
lus, the positive and negative defle¢tions of the noise 
(background EEG activity, pea) activity, 50 Hz 
from mains, etc.) should cancel each other out. 
However, the consistent deflections produced by a 
contained response should reinforce one another ever 
more strongly as successive sweeps contribute to the 
average. This method fails if there are major incidents 
that rise above ordinary noise. These could distort the 
final AER or make it totally incorrect. Our previous 
unstimulated EEG studies during propofol anaes- 
thesia!’ taught us that such incidents were liable to 
occur. These included movement artefacts in 
unanaesthetized patients, ECG spikes and sponta- 
neous “burst” activity in patients receiving higher 
concentrations of propofol (fig. 1). Some patients also 
showed time-locked myogenic responses to auditory 
stimulation. Many of these incidents in the EEG have 
frequency contents so close to the important frequen- 
cies in the AER that it is not feasible to remove them 
by filtering. Editing is a reasonable alternative. 
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We identified these incidents by the program, pro- 
ducing compressed time displays of three features of 
the EEG during the 500 sweeps of recording: the 
first simply showed the maximum amplitude (used 
for rejecting noise spikes), the second the integral of 
the rectified waveform (used for rejecting high 
propofol concentration effects) and the third the 
maximum differential value of the waveform (used 
for rejecting ECG signals). Thresholds were deter- 
mined by inspection to differentiate the normal 
background activity from incidental transients of 
unwanted data. A coherent average was then made 
using those sweeps that were below the chosen 
thresholds. The others were rejected. The quality of 
the resulting average was checked by examining the 
width of the confidence limits that contained the 
best estimate of the time course of the AER. The 
best estimate, with that edition of sweeps, was com- 
pared with the estimates produced from the first and 
second half of the file of edited sweeps. Its shape was 
also compared with that of the best estimate pro- 
duced by the tone stimuli. A further test of the edit- 
ing and data-processing was that the coherent 
average of a similarly edited batch of 500 sweeps of 
the contemporaneous background EEG, with no 
auditory stimulus, should show a flat trace. Failure 
to achieve a confident estimate of the AER by any of 
the above criteria required the cycle of editing and 
coherent averaging to be repeated until a satisfactory 
estimate was obtained. Otherwise the analysis was 
abandoned and the information discarded. The final 
satisfactory estimates of the AER were stored as 
separate files. 


Feature extraction from the best estimates of the AER 


The simple features that were extracted consisted of 
amplitudes (measured from the preceding peak or 
trough) and latencies (from the stimulus) of the 
peaks or troughs of the conventionally labelled com- 
ponents of the AER (brainstem wave V, Na, Pa, 
Nb). These were measured by applying cursors to 
the screen display of each satisfactory estimate of the 
AER, Several empirically devised composite 
measures of the complete AER wave were also 
recorded, including: (i) integral of the rectified wave- 
form between 15 and 70 ms (summation index); (ii) 
integral of the rectified smoothed differential of the 
waveform between 20 and 70 ms (differential index); 
(iit) reciprocal of the difference between Na and Nb 
latencies (basic frequency index); (iv) index of the 
superimposability of each waveform on that of the 
grand average of several patients’ baseline (awake) 
AER waveforms (amplitude, at each time, of the 
AER waveform under investigation was multiplied 
by the corresponding amplitude of the grand 
average, and the successive product terms were 
summed over the first 50 ms). 


STATISTICAL ANALYSES 


The groups were not randomly allocated, and there- 
fore we used analysis of variance to examine for bias 
in ages, weights and baseline arterial pressures: we 
also examined the haemodynamic effects of the 
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different doses of propofol, 30 min after the start of 
the infusions. Relationships between dose and con- 
centration, and between concentration and the 
values of the features extracted from the AER, were 
determined by non-linear curve-fitting programs 
(Sigma Plot for windows 5, Jandel Scientific, 
Erkrath, FRG and Unistat for windows). A stepwise 
multiple logistic regression (LOGIST, SAS version 
6, for windows. SAS institute Inc, Cary, NC, USA) 
was used to identify explanators of the patient’s 
responses to eyelash and venepuncture. The conven- 
tional AER amplitudes and latencies and the compo- 
site indices were offered as potential explanators, 
together with the dose and concentration of propo- 
fol. The LOGIST procedure can output sensitivity, 
selectivity and correctness if different cut-off proba- 
bilities are used to classify responses as present or 
absent. Data on verbal response were not examined 
formally. They could be inaccurate because the 
insert headphones interfered unpredictably with 
hearing through normal channels. However, the 
responses achieved were virtually superimposable on 
the eyelash responses, as in our other studies.!°'3 A 
probit analysis (SAS for windows version 6, SAS 
Institute, Cary NC, USA) was used in addition, to 
estimate (with confidence limits) the values of the 
single and composite AER features and the doses 
and concentrations of propofol that corresponded to 
50% and 95% probability of no response. 


Results 


There were no significant differences between the 
seven groups in age, weight or arterial pressure, 
either at baseline or after 30 min of infusion. 


SAMPLING AND EDITING OF AER 
For the period of propofol infusion, data from six 
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Figure 1 A compressed time display of 150 sweeps of raw data 
during which auditory stimuli were being given. The inset shows 
a single sweep (No. 52) of raw data containing both AER and 
EEG, with the stimulus given at the vertical axis and the sweep 
lasting 128 ms. 
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Figure 2 Example AER estimates for wakefulness (AEP 1) and 
at three different infusion rates of propofol, giving blood 
concentrations of propofol of 1.5 pg ml~! (AEP 2, eyelash 
response present), 3.8 pg ml~! (AEP 3, no response to eyelash 
or venepuncture) and 8.9 pg ml~! (AEP 4). Each trace has a 
different amplitude scale. 


patients could not be included in the analysis: two 
coughed uncontrollably on the allocated dose of 
propofol (groups 3 and 4); two produced time- 
locked myogenic responses that overwhelmed the 
AER estimate; in one patient, the coherent average 
of the unstimulated EEG did not tend to zero; the 
EEG from the last patient was too heavily contami- 
nated with artefact to provide a confident estimate of 
the AER. Therefore, there were 35 estimates 
remaining after 30 min of propofol infusion. In these 
35 patients, only 16 estimates were obtained of 
awake AER. The estimates that were made required 
a variable amount of editing to exclude incidents and 
artefacts from the coherent average. 

Figure 1 is an example of a compressed time 
display of the first 150 sweeps in a set of 500, and 
shows what can happen at the infusion rates of 
propofol that produce blood concentrations of more 
than 3 wg ml~!. Periodic increases in amplitude are 
reminiscent of the spindling in burst suppression, 
but the increases are much greater and the contained 
frequencies (indicated in the insert of a single sweep) 
are higher, overlapping with the principal frequen- 
cies in the AER. Features similar to this appear in 
the presence or absence of auditory stimulation and 
necessitated the editing described in the methods. 

Figure 2 shows four example AER from three 
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patients, illustrating qualitatively the progression 
from awake (AEP 1) through to the effects of three 
dose rates of propofol that span the range used in 
this study. It shows the reduction in amplitude and 
delay of the mid-latency components, with relatively 
little effect on the brainstem response. 


DOSE-CONCENTRATION EFFECTS 


The relationship between dose rate and concentra- 
tion of propofol was described as well by linear 
regression as by one with higher terms in infusion 
rate: 
concentration (ug ml~!) = —1.12 + 0.53 X 

final infusion rate (mg kg™! h7!) (72 = 0.83) 


CONCENTRATION—AER EFFECTS 


Figure 3 shows the relationships between propofol 
concentration and two of the measured features of 
the AER. The relationship with Na latency was 
almost linear, whereas that for Nb was non-linear. 
There was an apparent ceiling effect at approxi- 
mately 70-80 ms which was reached normally at 
propofol concentrations greater than 6 pg ml7!, 
Higher concentrations attenuated the responses to 
an extent that made Nb latency difficult to judge. 
This also occurred with four AER recorded at 
propofol concentrations less than 6 pg mi~!. Data 
for Nb were fitted significantly better by a quadratic 
than by a linear equation in concentration. The 
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Figure 3 Relationships between Nb latency, Na latency and 
whole blood propofol concentration. The overlapping open 
circles at zero concentration represent the distributions of 13 
values for Nb (mean latency 39.6 (SD 1.0) ms) and eight values 
for Na (mean latency 17.0 (1.5) ms) obtained from awake 
patients. All other values were obtained at 30 min after the start 
of infusion. O= Patients responding to eyelash and venepuncture 
stimuli; ®=patients responding to venepuncture stimulus only; 
= patients not responding to eyelash or venepuncture; 
V=patients not responding to eyelash or venepuncture and also 
the AER was too suppressed to allow estimation of Nb; 

V =patients responding to venepuncture only and the AER was 
too suppressed to allow estimation of Nb. The 95% confidence 
limits for the best fit regression line and for individual data 
points are superimposed on each plot. 
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Table 2 Relationships between blood propofol concentration 
(conc.) and conventional and composite features of the AER, 
with coefficients of determination (12) 











Variable Equation r 

Nb latency =39.9+6.7 conc.—0.37 conc.? 0.83 
Nb amplitude = 1.19-0.26 conc.—0.016 conc.? 0.44 
Pa latency =28.5+3.9 conc. —0.2 conc.? 0.79 
Pa amplitude = 1.34-0.27 conc. +0.17 conc.? 0.42 
Na latency =17.4— 1.66 conc.—0.07 conc.? 0.70 
Na amplitude = 1.27-0.11 conc. +7.32 conc.? 0.17 
BS latency = 6.9+0.18 conc.—0.02 conc.? 0.25 
Frequency =42.2—5.79 conc. +0.40 conc.? 0.69 
Superimposability = 4.2—1.9 conc.+0.15 conc.? 0.69 
Summation =24-3.95 conc. +0.23 conc.? 0.36 
Differential = 5,94—1.32 conc. +0.095 conc.? 0.50 





relationships for the other features that were 
extracted are summarized in table 2 as quadratic 
equations in concentration. 


DOSE, CONCENTRATION AND AER EFFECTS ON 
RESPONSIVENESS TO STIMULI 


When offered all possible AER explanators together 
(conventional and composite features) the stepwise 
multiple regression process identified only Nb 
latency as a significant explanator of the occurrence 
ofan eyelash response. If Nb latency was not offered, 
stepwise multiple logistic regression process identi- 
fied several other AER features as partial alternative 
explanators. A similar process was carried out with 
propofol concentration and dose rates. In the corres- 
ponding analyses for the venepuncture response, 
Na latency itself gave as complete an explanation as 
the total set of offered AER explanators, although 
others also had partial explanatory effect that was 
overlapped by that of Nb. 

Table 3 summarizes the relationships between 
likelihood of suppressing eyelash or venepuncture 
responses and the values of various AER and non- 
AER features. The values for 50% and 95% proba- 
bility of no response were estimated by probit 
analysis. 

The logistic regression process produces values for 


Table 3 Estimated values (95% confidence limits) of a selection 
of AER and non-AER explanators that are required to have 50% 
or 95% probability of suppressing the eyelash or venepuncture 
response in the sample. Dose=final infusion rate of propofol, 
concentration=blood propofol concentration 


50% probability 95% probability 


Variable of no response of no response 

Eyelash: 
BS latency (ms) 7 (6.6-7.5) 8.2 (7.7-14) 
Na latency (ms) 20 (16-23) 24 (22-48) 
Nb latency (ms) 52 (46-56) 60 (56-79) 
Frequency (Hz) 32 (29-39) 28 (16-31) 
Concentration pg ml~! 1.9 (1.4-2.7) 3.3 (2.5-5.5) 
Dose (mgkg™! h7?) 5.8 (4-7.5) 8.2 (6.9-15.6) 

Venepuncture: 
BS latency (ms) 7.8 (7.4-8.7) 9 (8.3-12.3) 
Na latency (ms) 24 (23-26) 29 (26-37) 
Nb latency (ms) 67 (62-75) 85 (76-122) 
Frequency (Hz) 23 (17-27) 14 (2-18) 
Concentration (ug m17!) 6.5 (4.4-12.7) 13 (9-32) 
Dose (mg kg™! h7!) 13.2 (10.6-18) 23 (18-37) 





British Journal of Anaesthesia 


sensitivity, specificity and correctness in discrimina- 
tion that would be obtained if different probabilities 
(or the corresponding value of the explanator in a 
single explanator regression) were to be used as cut- 
off points for classification of response ws no 
response. For example, an Nb latency of 53 ms had 
a sensitivity of 100%, a specificity of 96% and a cor- 
rectness of 98% as a discriminator of eyelash 
response. This is confirmed in figure 3: if a horizon- 
tal line is placed at 53 ms, all eyelash responders are 
below it and 20 of 21 non-responders are above it. 
For concentration, the best discriminator, a vertical 
line placed at 2.9 pg ml~! shows all responders to 
the left but only 15 of the 21 non-responders to the 
right. Table 4 lists the threshold values of the seven 
best discriminators of eyelash and venepuncture 
responses, ranked in order of correctness, with the 
associated values of sensitivity and specificity in 
discriminating responders from non-responders. 


Discussion 


The conditions of the study were not typical of 
clinical anaesthesia, but the design allowed examina- 
tion of the effects of propofol as a sole agent, without 
the confounding effects of surgery. The relationship 
between the infused dose rate and 30-min propofol 
concentrations was consistent with that found in our 
previous study on unstimulated EEG!° which also 
indicated that 30 min was the minimum time needed 
for the stepped infusions to produce a stable 
neurophysiological state. 

Great care was needed to obtain confident esti- 
mates of the AER. Awake, unpremedicated patients 
were often tense, despite all efforts to relax them. 
More than 50% of their AER were contaminated by 
time-locked muscle. responses, such as the post- 
auricular response. The remaining reliable awake 
AER had a fairly consistent waveform which was also 
similar to many awake AER recorded in subsidiary 
studies on volunteers. Much of the contamination 
(including, in all patients, the post-auricular 
response) disappeared during infusion of propofol, 
but could be replaced by other activities, such as in 
figure 1, for which careful empirical analysis seemed 
the only solution. For applications of AER recording 
to on-line feedback of anaesthetic depth, methods of 
automating the editing process are needed, unless 
the contaminating activity can be removed directly, 
for example by some pharmacological adjuvant. 
Latencies and amplitudes of the various waves are 
accepted simple features with which to characterize 
the form of the AER, but there are alternatives!> to 
our chosen method of measuring the amplitudes by 
reference to the preceding peak. 

The concentration-related changes in the form of 
the AER, after 30 min of anaesthesia or sedation 
with propofol alone, were qualitatively similar to 
those found by others. However, complete suppres- 
sion of the AER waveform required greater propofol 
concentrations than have been described 
previously.29 This may be attributable to poly- 
pharmacy, different filtering of the EEG or pharma- 
codynamic instability in their studies. Although the 
brainstem wave V changed much less with propofol 
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Table 4 Correctness, sensitivity and specificity of the seven best discriminators for the eyelash and venepuncture 
responses. Dose=final infusion rate of propofol, concentration=blood propofol concentration 


AEP variable Correctness (%) Sensitivity (%) Specificity (%) Threshold 
Eyelash response 
Nb latency 98 100 96 53 ms 
Basic frequency 98 100 96 30-33 Hz 
Superimposability index 98 94 100 
Dose 96 100 89 6.3-7.8 mg kg™! h7! 
Pa latency 93 93 93 35—36 ms 
Concentration 91 100 79 2.9 pg ml~! 
Pa amplitude 91 86 93 0.85-0.98 pV 
Venepuncture response 
Concentration 87 91 69 4.8 ug ml~! 
Dose 86 89 69 11-12 mg kg™! h`? 
Na latency 81 93 53 23.5-24 ms 
Pa latency 79 82 69 44 ms 
BS latency 76 86 54 7.7 ms 
Nb latency 76 79 69 66—68 ms 
Superimposability index 76 93 30 


concentration than the later waves, we noticed some 
changes in its latency (table 2), unlike in other 
reports.” 8 

In the absence of particular explanations, such as 
deafness or hysteria, failure to acknowledge or 
respond to verbal instructions is probably the 
simplest indicator of the threshold between con- 
sciousness and unconsciousness or anaesthesia. 
Verbal responses were tested in all patients, but con- 
cern about the possible distracting effects of the 
insert headphones led us to place more reliance on 
the analysis of eyelash reflex, which has very similar 
pharmacological and EEG correlates. !° 

With a sensitivity of 100% and specificity of 96%, 
a threshold Nb latency of 53 ms discriminated 
between the presence and absence of an eyelash 
reflex better than any other simple feature and as 
well as any of the composite features. The scope for 
improvement seems small, although this may apply 
only to this particular set of data. For an EEG 
feature to be useful in clinical monitoring or feed- 
back control, sensitivity in detecting awareness is 
probably more important than selectivity. False posi- 
tives (arising from unselectivity) would result in an 
overdose of anaesthetic agent. This happens in daily 
anaesthetic practice without being particularly 
troublesome. In contrast, false negatives (arising 
from insensitivity to awareness) would leave some 
patients aware during surgery, a much more serious 
error. Other workers have also suggested that Nb 
latency is a useful discriminator!® but with a thres- 
hold value of 44 ms, which would have had a sensi- 
tivity of only 43% (although a specificity of 100%) in 
detecting eyelash responders in our patients. In our 
work on the unstimulated EEG,!° a median power 
frequency of 8.3 Hz had a sensitivity of 94% and 
specificity of 84%. 

One might reasonably expect composite measures 
to provide better information on the overall form of 
the AER. The reciprocal of the difference between 
Na and Nb latencies is the basic low frequency com- 
ponent of the AER. It is related closely to the 
latency of Nb itself (which accounts for its high dis- 
criminating power (table 4)). The awake value of 
approximately 40 Hz is also the steady state fre- 
quency of the awake AER.!” If auditory stimuli are 


repeated at a fixed frequency of 40 Hz as sedative or 
anaesthetic drugs are given, the amplitude of the 
steady state AER is reduced,!* presumably because 
the basic frequency no longer resonates with the 
stimulating frequency. If the stimulation frequency 
is changed to match the change in the basic fre- 
quency, the amplitude of the steady state AER can 
be better maintained and the frequency required to 
do so, “the coherent frequency”, is yet another pos- 
sible correlate of anaesthesia.!9 The first?° and 
second!’ differential of the waveform have also been 
used empirically to describe the transient AER. 
None of our composite measures seemed to offer 
any advantage over the simpler Nb latency, 
although composite measures could be more robust 
in an automatic analysis environment, such as 
closed loop control. If any particular single or 
composite feature in the AER or EEG is to be pro- 
posed as a universal predictor of the risk of aware- 
ness, it is important that its value be constant in the 
face of variations. These include the pharmacopoe- 
dia to produce anaesthesia and the levels of arousal 
brought about by surgery or other noxious stimuli. 
This was not tested in our study. 

Our study took approximately 90 s to collect the 
data for analysis. Although acceptable with stable 
blood concentrations, it is too long for periods when 
blood concentrations are changing rapidly. A faster 
method of obtaining estimates of the AER is needed. 

AER features ranked more highly than dose and 
concentration of propofol as discriminators for the 
eyelash response. However, the opposite was true 
for the response to venepuncture (table 4). The 
observation that the brainstem wave V latency has 
some discriminatory value for the response to 
venepuncture accords with the evidence that 
responses to superficial pain (such as venepuncture) 
are mediated well below the cortical level.?! With 
faster sampling of the EEG signal to resolve the first 
10 ms more accurately, the discriminating potential 
of brainstem responses for pain could possibly be 


improved. 
Better characterization of the AER correlates of 
different clinically observable responses may 


improve our understanding of the hierarchy of 
responsiveness that is challenged by anaesthesia. 
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Comparison of patient-controlled sedation with either methohexitone 


% 


or propofol 


S. K. HAMD, N. McCann, L. MCARDLE AND A. J. ASBURY 





Summary 


We studied 42 patients undergoing oral surgery 
under local anaesthesia with i.v. sedation, allo- 
cated randomly to receive either methohexitone 
(group M) or propofol (group P) for patient- 
controlled sedation (PCS). Group M patients 
self-administered 2.5-mg (0.5 ml). bolus doses of 
methohexitone and group P, 5-mg (0.5 ml) doses 
of propofol, without a lockout. The 0.5-mi bolus 
dose was delivered over 7.2 s for both drugs. The 
procedure was completed satisfactorily in all 
patients. Patients in both groups achieved their 
desired levels of sedation. No patient lost verbal 
contact. Group M patients had higher heart rates 
during the procedure. The lowest Spo, values 
recorded were 92% and 95% for group P and group 
M, respectively. Immediately after operation 
patients in group M reported that they felt more 
sleepy than those in group P (P < 0.01) but there 
were: no differences at subsequent times. The 
- results of the psychomotor tests were comparable 
- for the two groups after operation, except for the 
“posting box task” at 15 min after operation when 
the mean decrement (compared with preoperative 
performance) was —3% for group P and —13% for 
group M (P < 0.05). More patients in group P 
complained of pain in their hand. We conclude that 
methohexitone is a suitable alternative drug to 
propofol for PCS. (Br. J. Anaesth. 1996; 77: 
727-730) i 


Key words 
Anaesthetics i.v., methohexitone. Anaesthetics i.v., propofol. 
Sedation, patient-controlled. Surgery, oral. 


Patient-controlled sedation (PCS) has been reported 
using either midazolam or propofol. However, they 
are not comparable in pharmacokinetics. 
Oversedation may be a problem with midazolam as it 
has a relatively slow onset and the patient may make 
additional demands for drug boluses before 
adequate time has elapsed for the earlier boluses to 
produce an effect. The use of methohexitone for 
PCS has not been described. It is cleared rapidly 
from the body and is cheaper than propofol.! Studies 
of psychomotor function after induction doses of 
propofol or methohexitone suggest that there is 
faster recovery of psychomotor..performance after 


propofol.2* However, MacKenzie and Grant 
showed that propofol produces a slightly greater 


‘decrease in the critical flicker fusion threshold than 


methohexitone.> A comparison of psychomotor 
performance after sedation with propofol or 
methohexitone has not been performed, 

Methohexitone may be a more suitable alternative 
than midazolam for day-case PCS. The objective of 
this prospective, randomized study was to compare 
PCS with either methohexitone or propofol. 


Patients and methods 


Approval was obtained from the hospital Ethics 
Committee and we studied 42 unpremedicated . 
patients, ASA I or II, aged 16 yr or more, under-’ 
going oral surgery under local anaesthesia with i.v. 
sedation. Patients gave informed consent. Exclusion 
criteria included patients who were taking sedative 
medication, those who were pregnant and those who 
had previous adverse reactions to propofol or metho- 
hexitone. After a full explanation, patients were allo- 
cated randomly to receive PCS with either 
methohexitone (group M) or propofol (group P). 
Randomization was performed using sealed 
envelopes. Each drug was self-administered by the 
patient from a Graseby 3300 infusion pump. The 
bolus dose administered was 0.5 ml for both drugs. 
The concentrations of drugs used were 10 mg ml~! 
for propofol and 5 mg ml! for methohexitone; 
hence group M patients received 2.5 mg of metho- 
hexitone. and those in group P received 5 mg of 
propofol on demand. No lockout time was used but 
as the infusion rate was 250 ml h™!, it took 7.2 s to 
infuse the 0.5-ml bolus. Demands made for drug 
during this period resulted in no drug being 
administered. 

Patients were instructed in the use of the infusion 
pump before sedation and were told that they could 
press the demand button as often as they liked to 
produce the level of sedation they desired but that 
the pump would not administer another dose for a 
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period of approximately 7 s. A maximum of 8 doses 
per minute could be administered, giving a maxi- 
mum of 20 mg of methohexitone or 40 mg of propo- 
fol per minute. Before sedation and surgery, 
immediately after operation and at 15 and 30 min 
after the end of the procedure, patients were asked to 
rate their anxiety, pain and somnolence on a four- 
point scale (none, mild, moderate and severe). They 
were also asked to complete a Corah dental anxiety 
questionnaire before operation.° 

Patients performed psychomotor tests before 
operation and again immediately on completion of 
the procedure and at 15 and 30 min. These tests 
consisted of a “posting box task” (PBX) which 
involved the patient putting 15 shaped bricks 
through appropriately shaped holes of a box as 
quickly as possible using one hand.’ The best time 
for two attempts for the PBX task was taken. The 
other test consisted of a choice reaction time (CRT) 
which was measured using a programme imple- 
mented on a hand-held Psion organizer.® Before the 
CRT test itself, preliminary instructions scroll across 
the screen, prompted by key presses by the patient. 
The final message is “Are you ready?—press the Y 
key to go on”. After the patient presses the Y Key, 
one of six letters (A-F) appears on the screen in 
random order and after a randomized time interval. 
The patient has to press the corresponding letter on 
the keyboard. This process is repeated 30 times. 
“This test gave two results: a choice reaction time 
score (CRTS), that is the percentage of choices 
made correctly, and a mean choice reaction time 
(CRTM), that is the mean time taken to react. At 
the end of the test, the Psion displays the results 
which are stored and can be transferred sub- 
sequently to an I[BM-compatible computer for 
manipulation by word-processing and spreadsheet 
programmes. ` 

When the patient was settled in the dental chair, 
monitoring (non-invasive arterial pressure, heart rate 
and pulse oximetry) was established and continued 
throughout the procedure. A 20-gauge cannula was 
inserted into a vein on the dorsum of the patient’s 
hand. For event timing, time 0 was taken as the time 
of administration of the first dose of drug. The 
patient’s deepest level of sedation was recorded 
using a modified published five-point scale.’ This 
was recorded every 1 min for the first 16 min, every 
2 min for the next 15 min and every 5 min until the 
end of the dental procedure (table 1). Local anaes- 
thetic infiltration (2% lignocaine with adrenaline 
1:80 000) was performed by the dentist when the 
patient was ready. 

After completion of the dental procedure, the 
patient was transferred to a recovery area. Before 
discharge home, patients were questioned on 
nausea, pain in the hand, recall of intraoperative 


Table 1 Sedation scoring used 


1=Fully awake 

2=Drowsy with eyes open and/or brisk response to command 
3=Drowsy with eyes closed and/or slow response to command 
4=Eyes closed but rousable with mild physical stimulus 
5=Eyes closed and unrousable with mild physical stimulus 
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events, if they had managed to achieve their desired 
level of sedation and if they would be prepared to 
have the same method of sedation again. Patients 
and the dentist were asked to evaluate the accept- 
ability of the sedation technique using a four- 
point scale (poor, moderate, good or excellent). 
The dentist was also asked to evaluate patient 
cooperation during the procedure. 

Minitab for DOS release 7 was used for statistical 
analysis. The Mann-Whitney test was used for 
ordinal data, and chi-square test for nominal data. A 
probability (P) of less than 0.05 was considered to be 
statistically significant. 


Results 


Forty patients were included in the data analysis; 
two patients were excluded, one in group M had a 
cannula resited during the procedure and the other 
patient in group P had to be given a general anaes- 
thetic to reduce a dislocated jaw. There were 20 
patients in each group. Fourteen patients in group M 
had third molar teeth extractions, two had extraction 
of other teeth, two had apicectomies, one had 
excision of a granuloma of the mouth and one 
had removal of a salivary calculus. Six patients in 
group P had third molar teeth extractions, eight had 
extraction of other teeth and six had apicectomies. 
The proposed dental procedure was completed 
satisfactorily in all patients (table 2). 

The lowest oxygen saturation value recorded was 
92% for a group P patient and 95% for a group M 
patient. Group M patients had higher heart rates 
during the procedure. Mean arterial pressures 
remained within acceptable clinical limits and were 
similar in the two groups. The ratio of successful to 
unsuccessful demands was similar in both groups. 

No patent in either group lost verbal contact. 
Table 3 shows the deepest level of sedation achieved 
by the patients. All patients were discharged approx- 
imately 30 min after the end of the procedure. 
Immediately on arrival in the recovery area patients 
in group M reported that they felt drowsier than 
those in group P (P < 0.01). However, there were no 


Table 2 Summary data for patients and procedures (median 
(QR)) 


Group Methohexitone Propofol 
Age (yr) 26 (12) 36 (20) 
Sex (M:F) 5:15 4:16 
Weight (kg) - 62 (23) 66 (20) 
Total dose (mg) 130 (127) 223 (126) 
Successful:unsuccessful 

PCS demands 0.89 (0.4) 0.92 (0.2) 
Start local anaesthetic (min) 7.0 (4) 7.5 (4) 
Procedure duration (min) 18 (29) 21 (25) 





Table 3 Deepest level of sedation achieved by the patients in 
the intraoperative period 





Sedation score 


Group M (7) 0 16 4 0 
Group P (n) 0 14 6 0 


PCS with methohexitone or propofol 


Table 4 Patient scoring of their drowsiness. Patient sedation 
score 1= not at all sleepy, 2= mildly sleepy, 3= moderately sleepy, 
4= extremely sleepy. The sedation scores immediately after oper- 
ation for the methohexitone group were significantly different (P 
< 0.01) from the propofol group 


Sedation score 


1 2 3 4 


Immediately after operation 
Group M (n) 0 ll 5 4 
Group P (n) 5 13 2 0 
15 min after operation 
Group M (n) 8 10 1 1 
Group P (n) 11 8 1 0 
30 min after operation 
Group M (7) 14 6 0 0 
Group P (7) 7 3 0 0 





Table 5 Median (QR2) percentage changes in individual 
performance of the psychomotor tests compared with 





preoperative values *P< 0.05 
Time (min) 
0 15 30 
PBX 
Group M —20 (28) ~7 (14) * 4.5 (15) 
Group P —18 (24) 0 (15) 0 (15) 
CRTS 
Group M 0 (3) 0 (0) 0 (0) 
Group P 01) 0 (0) 0 (3) 
CRTM 
Group M 26 (26) 2 (8) 4(11) 
Group P 28 (14) 3 (9) 8 (12) 


significant differences at 15 or 30 min after opera- 
tion. Table 4 shows how sedated patients said they 
felt immediately after, 15 min and 30 min after the 
procedure. 

Table 5 shows the results of psychomotor testing. 
Group M patients showed a greater decrement in the 
PBX task at 15 min than those in group P. However, 
there were no significant differences in performance 
times immediately after or 30 min after the pro- 
cedure. CRTS and CRTM were not significantly 
different between the two groups at any time after 
operation. 

Two patients in group M had some fine tremor- 
like movements of their limbs of short duration 
but this did not upset the patient or dentist. Four 
patients in group M and nine patients in group P 
complained of pain in their hand but this was not 
statistically significant. Eleven patients in group 
M and 12 in group P had amnesia for certain 
intraoperative events. One patient in each group 
had amnesia for recovery room events. No patient 
complained of nausea or vomited. All patients 
said that they had managed to achieve their 
desired level of sedation. All patients thought 
their sedation was either good or excellent. 
Patient cooperation was rated as excellent in 19 
patients and poor in one patient in group M 
and excellent in 15 and poor in one patient in 
group P. 
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Discussion 


Our study has shown that methohexitone compared 
favourably with propofol when used for patient- 
controlled sedation. However, patients who received 
methohexitone reported that they felt more drowsy 
immediately after the procedure than those who 
received propofol. Fifteen minutes after surgery both 
groups felt less drowsy and there was no difference 
between the groups at this time or subsequently. 
More patients in the methohexitone group had 
wisdom teeth extractions. This could have resulted 
in an increased demand for sedation by this group. 

The methohexitone group performed the PBX 
more slowly than the propofol group 15 min after the 
procedure. Immediately and 30 min after the pro- 
cedure there were no significant differences in 
performance times. However, this is a fairly insensi- 
tive test.!° There were no differences between the 
two groups in CRTM and CRTS at any time after 
operation. 

All patients were discharged home escorted 30 
min after operation with written instructions. 
Studies comparing PCS with propofol or midazolam 
suggest faster recovery of psychomotor function in 
patients who received propofol.!!!2 The amnesic 
effects of propofol and methohexitone appeared to 
be similar when used for sedation in this study, with 
the most marked effect being amnesia for intra- 
operative events. Amnesia is more likely to persist for 
recovery events with midazolam.!? Hence metho- 
hexitone and propofol would be more suitable agents 
for day-case patients requiring sedation. 

More patients in the propofol group complained 
of pain in the hand but this was not statistically 
significant. The lower incidence of pain in the hand 
than would have been expected for the metho- 
hexitone patients may have been because of the more 
dilute concentration (0.5%) of methohexitone used 
in this study. 

Patients were allowed to start and maintain their 
own sedation. The amount of drug administered was 
limited by the drug concentration and the time taken 
to infuse each dose. The infusion rate of the pump 
used in this study was 250 ml h~!. Ifa pump capable 
of infusing at a faster rate had been used, then a 
faster onset time for sedation would have been 
achieved. However, this may have risked the patient 
being oversedated. No patient lost verbal contact 
and all patients were satisfied with their level of seda- 
tion. An initial bolus dose of drug was not adminis- 
tered because of individual patient requirements for 
depth of sedation. 

The anaesthetist who carried out the intraopera- 
tive sedation assessment and the dentist were not 
blinded and this may have resulted in some bias of 
the intraoperative results but the anaesthetist who 
carried out the postoperative assessments was 
blinded to the agent used. 

It must be stressed that although we were able to 
maintain verbal contact with all patients throughout 
the procedure, it is imperative that personnel skilled 
in airway management and resuscitation are present 
during sedation procedures. Equipment and drugs 
used for resuscitation must be at hand. 
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Local anaesthesia to the airway reduces sedation requirements in 
patients undergoing artificial ventilation} 


A. MALLICK, S. N. SMITH AND A. R. BODENHAM 


Summary 


Patients in the intensive care unit require large 
doses of sedative/analgesic drugs to tolerate the 
presence of a tracheal tube and other unpleasant 
stimuli. The ideal regimen for sedatives and anal- 
gesics has not yet been found. We have investi- 
gated the effects of topical local anaesthesia to the 
pharynx and airway on sedative/analgesic require- 
ments in 30 ICU patients (25-75 yr old) with no 
obvious brain injury, undergoing mechanical ven- 
tilation. Oral tracheal tubes were changed to a 
modified tube which allowed instillation of local 
anaesthetic solutions onto the pharyngeal, laryn- 
geal and tracheal mucosa. Lignocaine 1% (5 ml) or 
5 ml of 0.9% saline were instilled hourly for 12 h 
each for a total of 24 h, in a double-blind, random- 
ized crossover design. Baseline sedation was 
maintained with propofol or alfentanil infusions, or 
both, which were titrated to patient comfort and to 
maintain an optimum sedation score throughout. 
Twenty-five patients completed the study. Mean 
total propofol and alfentanil requirements were 
766 (sp 524) mg and 17 (7.6) mg, respectively, 
during 12 h of lignocaine instillation, and 1321 
(862) mg, and 25 (11.4) mg, respectively, during 
12 h of saline instillation. There was a significant 


reduction (P<0.05) in the requirements for both: 


agents during the period of lignocaine instillation. 
(Br. J. Anaesth. 1996; 77: 731-734) 


Key words 

Anaesthetics local, lignocaine. Intensive care, sedation. 
Anaesthetics i.v., propofol. Anaesthetics i.v., alfentanil. 
Ventilation, artificial. Airway, mucosa. 


Translaryngeal tracheal intubation is the standard 
technique for early airway management of patients 
requiring assisted ventilation. Most patients require 
anaesthesia or significant amounts of sedatives/ 
analgesics to tolerate a tracheal tube for the first few 
days in the ICU.!* This requirement is unimportant 
during surgery but is often a major drawback in 
patients requiring intensive care as these drugs often 
accumulate in the critically ill patient, and may 
increase the length of stay, morbidity and mortality.’ 

Tracheal intubation can be performed in awake 
patients using topical local anaesthesia to the airway 
in difficult intubation situations.* We were interested 


to determine if topical lignocaine delivered via a 
modified tracheal tube (LITA tube—laryngotracheal 
instillation of topical anaesthesia) to the pharyngeal, 
laryngeal and tracheal mucosa could improve com- 
fort, and thereby reduce requirements of sedative 
and analgesic drugs in ICU patients. Topical ligno- 
caine via an LITA tube has been reported to reduce 
the incidence of tracheal tube-induced coughing 
during emergence from general anaesthesia.’ The 
use of this tube has not been described previously in 
patients requiring intensive care. 


Patients and methods 


After obtaining approval from the local Ethics 
Committee and written informed consent from the 
patients’ relatives, we enrolled 30 patients (23 
males) requiring ventilatory support in the ICU. 
We excluded patients requiring analgesia in the 
immediate postoperative period and those with 
obvious brain injury. Oral tracheal tubes were 
changed to an LITA tube of 8 mm id in females and 
8.5 mm id in males (fig. 1) after administration of an 
i.v. bolus of propofol 0.5-1.5 mg kg! and 
atracurium 0.5 mg kg7!. The study began 2 h later. 

The LITA tube (Sheridan Catheter Corp., Argyle, 
NY, USA) differs from a conventional tracheal tube 
only in that it contains an additional small-bore 
channel incorporated into the wall of the lesser cur- 
vature of the tube (fig. 1). The proximal end of this 
channel has a Luer-lock syringe connector and has 
10 small perforations on its distal segment. Local 
anaesthetic, injected under pressure, sprays the 
mucosa both proximal and distal to the inflated tube 
cuff. It is designed so that the spray of local anaes- 
thetic deflects off the anterior wall of the larynx and 
trachea and by gravity runs down to bathe the entire 
circumference of the mucosa. 

Syringes containing 5 ml of either 1% lignocaine 
or 0.9% saline were prepared by the hospital 
pharmacy. The authors and the nursing staff 
were blinded to the nature of the solutions. 
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Figure 1 Local anaesthetic injected via the delivery channel of the the LITA tracheal 
tube exits through the holes in a fine spray both proximal and distal to the cuff. 


Table 1 Sedation score 


Level 1 = Patient restless, agitated or anxious, compromising 
ventilation and oxygenation, showing signs of distress 
on physiotherapy, tracheal suction, oropharyngeal 
suction and handling in general. 

Level 2 = Patient awake but needs sedation for physiotherapy 
and other nursing or invasive procedures. 

Level 3 = Patient just asleep, responds to speech and touch, 
needs additional sedation to cover handling and 
physiotherapy or any other procedures. 

Level 4 = Patient asleep, handles well and tolerates care, 
showing response to speech and to touch by either 
squeezing the nurses hand or by blinking. 

Level 5 = Patient asleep, has dull/sluggish response to any form 
of stimulation, for example tracheal suction 

Level 6 = Patient asleep showing no sign of response to 
stimulation of any kind. 





Randomization was carried out by the pharmacy 
according to a computer-generated table so that 
each patient received an hourly instillation via the 
LITA tube of either 1% lignocaine for the initial 
12 h and saline for the ensuing 12 h or vice versa. 
Each patient acted as their own control. We chose 
the 1% lignocaine solution as we know that this 
acts on bronchial mucosa during fibreoptic bron- 
choscopy and we wished to avoid potential local 
anaesthetic toxicity from absorption of more 
concentrated solutions. 

Sedation was maintained with baseline infusions 
of propofol 0.2-1 mg kg~!h7! or alfentanil 10-20 pg 
kg! h7!, or both. We chose these particular agents 
for their short duration of action and ability to 
rapidly titrate doses for a desired effect. The level of 
sedation was monitored hourly using a sedation scale 
(table 1) with six levels of cognitive neurological 
function, similar to the Ramsay sedation scale.® 
Monitoring of sedation and adjustment of propofol 
and alfentanil infusions to maintain a target score of 
3—4 (table 1) were carried out throughout the entire 
study. If at any time sedation was assessed to be out- 
side the target level, nurses achieved the target seda- 
tion levels either by administering additional boluses 
of either propofol 10 mg or alfentanil 200 ug or by 
altering the infusion rates. Episodes of coughing and 


gagging, desaturation (Sap 290%) and hypertension 
(increase in systolic arterial pressure >20% above 
baseline) were recorded during the study. Patients 
who were awake enough were questioned about the 
discomfort caused by the presence of the tracheal 
tube or by pulmonary suctioning. The paired r test in 
SPSS version for MS Window release 6.1 was used 
to assess statistical significance between sedation 
requirements during the different periods, and 
significance was taken at P<0.05. 


Results 


We studied 30 patients, aged 25-75 yr; the 
male:female ratio was 3.3:1. Patients were of a 
mixed group (table 2) and they had no significant 
organ dysfunction except respiratory failure. No 
problems were encountered during change of the 
tracheal tube to an LITA tube. Five patients were 
excluded from subsequent analysis because the 
study was not completed: in two of these the trachea 
was extubated, one after 3 h and a second after 8h 
from the start of the study, one required neuro- 
muscular block 5 h after the beginning of the study 
because of deterioration in oxygenation, one was 
transferred to another hospital and another devel- 
oped bronchospasm during the period of saline 
instillation. Thirteen of the remaining patients 
received lignocaine instillations for the initial 12 h 
followed by 12 h of saline instillation. The remainder 
started with saline instillation. Eight patients 
received a propofol infusion, eight patients an alfen- 
tanil infusion and another nine patients received 
both concurrently during the study. The total 
amount of propofol and alfentanil used for each 
patient was recorded for the 12-h pre-study period, 
for lignocaine instillation and for the 12 h of saline 
instillation. Mean requirements of propofol and 
alfentanil are shown in table 3. There was a signifi- 
cant reduction (30-40%) in the requirements of 
both drugs during lignocaine instillation compared 
with the pre-study and saline periods. There was no 
significant difference between the requirements for 
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Table 2 Patient data including primary diagnosis, day of stay when the study was undertaken, duration of ventilatory 
support and ICU stay, and overall survival of 25 patients. *Includes all patients. +Respiratory failure developed after 
postoperative day 4. ITP=Idiopathic thrombocytopenic purpura 





Sex 


Age 
n (yr) (M/F) Diagnosis 


Day of Duration of ventilation ICU stay 





13 62.5 (55-75) 9/4 


3 

9 53 (45-65) 7/2 Postop. resp. failuret 
2 Pulmonary oedema 

I 


ITP, respiratory failure 


55, 62 2/0 
25 0/1 


COAD,, respiratory failure 


study (days) (days) Survival 
2nd 4.5 (1.5)* 5.3 (2.5)*  88%* 
2nd 

2nd 

3rd 





Table 3 Propofol and alfentanil requirements (mean (sp)) 
during periods of saline and lignocaine instillations in 25 patients 
and in a subgroup of 13 patients with COAD. *P<0.05, 
*kKP<0.01; ***P<0.001 








Pre-study Lignocaine Saline 

Total (mg) (12h) (12 h) (12h) 
All patients (n=25) 

Propofol (n=17) 1573 (632) 766 (524)** 1321 (862) 

Alfentanil (#=17) 30.8 (8.75) 17.5 (7.6)*** 25 (11.4) 
Patients with COAD (n=13) 

Propofol (n=7) 1776 (795) 816 (604)*** 1532 (944) 

Alfentanil (1=9) 34.5 (7.95) 17 (9.3)* 28 (11.6) 





propofol or alfentanil in the pre-study and saline 
periods. We analysed a subgroup (table 3) of 13 
COAD patients. Three received both a propofol and 
an alfentanil infusion, four a propofol infusion and 
another six patients received an alfentanil infusion 
during the study. This group was found to have a 
more marked reduction in requirements for propofol 
and alfentanil (40-50%). 

Mean sedation scores during the 12 h before 
entering the study were 4—6 while a score of 3—4 was 
maintained during the study. Nine patients were 
awake and co-operative (sedation score of 2) during 
the study. They appeared to be less bothered by pul- 
monary suctioning during the period of lignocaine 
instillation compared with saline instillation. We 
noted that patients also tended to cough and were 
transiently restless in response to tracheal instillation 
of saline. No episode of desaturation (Sao, <90%) or 
hypertensive response (increase in systolic arterial 
pressure by more than 20% from baseline) was 
reported during periods of lignocaine or saline 
instillation. 


Discussion 


Patients undergoing mechanical ventilation are 
subjected to many noxious stimuli attributable to 
diagnostic, therapeutic and physical nursing inter- 
ventions. The presence of a tracheal tube and fre- 
quent tracheal suctioning are very unpleasant. An 
optimal level of sedation is a fundamental require- 
ment to facilitate delivery of ICU care. Although 
essential, sedation and analgesia in this group of 
patients produce many side effects; cardiovascular 
instability, delayed weaning from mechanical 
ventilation, impaired tolerance of enteral feeding, 
tolerance and withdrawal symptoms, and other 
complications of immobility.2 These effects may 
persist because of accumulation of the parent drugs 
and their metabolites in critically ill patients. 
Various strategies have been adopted to reduce 


sedative and analgesic requirements, and hence their 
side effects, without compromising patient comfort. 
These include tracheotomy, non-invasive ventila- 
tion, regional nerve block to wounds whenever 
appropriate, and synchronization of mechanical 
ventilation. Tracheotomy is generally claimed to be 
tolerated better in patients undergoing ventilation.” 8 
Non-invasive ventilation in patients with respiratory 
failure has a better outcome compared with intuba- 
tion and conventional IPPV.° However, at the 
present time, most patients in the ICU require a 
tracheal tube in order to achieve adequate ventila- 
tion and provide access to the lower airway for 
removal of secretions. 

In this study, we have demonstrated that propofol 
and alfentanil requirements were significantly lower 
(overall reduction 30-40%) during the period of 
hourly laryngotracheal instillation of lignocaine via 
an LITA tube than during the period of saline instil- 
lation. The results in a subgroup of 13 COAD 
patients showed more marked reduction in the total 
amount of sedatives during 12 h of lignocaine instil- 
lation. We believe this could be ascribed to the 
absence of any major stimuli (e.g. wounds) in these 
patients other than the tracheal tube and frequent 
tracheal suction. 

During awake tracheal intubation and bron- 
choscopy, a higher concentration (4% or 10%) of 
local anaesthetic is used for airway anaesthesia. 
Lignocaine 1% instilled via an LITA tube has been 
shown to decrease the incidence of coughing and 
bucking during emergence from general anaes- 
thesia. A survey of the literature gives very little 
information on topical airway anaesthesia, including 
optimal choice of drug, dose and frequency of 
administration. This study was the first of its type 
and so we had to choose the doses empirically. We 
used 1% lignocaine to reduce potential lignocaine 
toxicity and to instill a larger volume (5 ml hourly) to 
allow spread throughout the tracheal and laryngeal 
mucosa. This would not have been possible with a 
smaller volume of 4% lignocaine. 

We chose propofol or alfentanil, or both, as the 
sedative/analgesic agents in this study to allow rapid 
titration of the level of sedation when used as an i.v. 
infusion, either alone or in combination.!° Propofol 
potentiates the analgesic effects of alfentanil and the 
latter potentiates the sedative action of propofol.!! 
Infusion of alfentanil was used alone in eight patients 
who were haemodynamically unstable and propofol 
infusion was used alone in another eight patients in 
whom nasogastric aspirate was high and who showed 
intolerance to nasogastric feeding. 

The patients’ levels of sedation and anxiety were 
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assessed using a six-point scale similar to the Ramsay 
sedation scale. Monitoring the degree of sedation in 
the ICU is inexact. However, the Ramsay scale is the 
most widely used scoring system in clinical studies in 
critically ill patients. This scale evaluates the patient 
either in the awake or asleep state but does not 
convey information on the quality of sedation. Other 
authors have commented on the need for a new 
validated tool and scale to measure the efficacy of 
sedation in the ICU.’ 

Saline may not be a true control as patients cough 
and become restless for a few minutes in response to 
its instillation. However, it did not increase the 
requirement of sedatives during the period of saline 
instillation compared with the pre-study period. 
Bronchospasm developed in one patient who had an 
acute exacerbation of COAD during the period of 
saline instillation and this may have been precipi- 
tated by the saline. Hence, we felt that it was reason- 
able to use saline as a control as otherwise it would 
have been difficult to carry out the study in a blinded 
fashion. 

The total dose of lignocaine was 600 mg over 12 h. 
The dose of lignocaine used for treatment of 
ventricular arrhythmias is significantly greater!? and 
we believe it is unlikely that toxicity would occur 
given the dose and duration of this study. Lignocaine 
is known to be absorbed rapidly from the tracheo- 
bronchial mucosa. We cannot exclude the effect of 
systemically absorbed lignocaine from our findings. 
However, studies investigating the effects of i.v. lig- 
nocaine as an antitussive and an agent to attenuate 
the cardiovascular response to intubation are incon- 
clusive.!4!5 The short period of this study did not 
allow us to assess if tolerance to the local anaesthetic 
occurred. Local anaesthetics with a longer duration 
of action (e.g. bupivacaine) may be beneficial but 
there is a paucity of data on the mucosal use of such 
drugs. 
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Comparative effects of thiopentone and propofol on respiratory 


resistance after tracheal intubation 


R. S. C. Wu, K. C. Wu, D. C. W. SUM AND M. J. BISHOP 


Summary 


To compare the effects of propofol and thiopen- 
tone on tracheal intubation-induced bronchocon- 
striction, 37 patients were allocated randomly to 
anaesthesia with either thiopentone 4 mg kg™! 
followed by a 15-mg kg~' h7! continuous infusion 
or propofol 3 mg kg™' followed by a 9-mg kg™1 h71 
continuous infusion. Intubation was facilitated by 
vecuronium 0.1-0.2 mg kg~'. Respiratory system 
resistance (Ars) was measured by a CP-100 pul- 
monary function monitor, 5 min after intubation. 
The 5-min post-intubation Ars values were signifi- 
cantly lower in the propofol group (8.5 (sp 1.5) cm 
H20 litre~’ s71) than in the thiopentone group (10.9 
(3.2) cm H20 litre! s71). Thirty minutes after com- 
mencing isoflurane-nitrous oxide anaesthesia, Ars 
declined by 17.5 (SEM 3.6) % from baseline in the 
thiopentone group, but by only 1.6 (2.6) % in the 
propofol group. We. conclude that the dose of 
propofol administered provided ‘more protection 
against tracheal intubation-induced bronchocon- 
striction than an induction dose of thiopentone. 
(Br. J. Anaesth. 1996; 77: 735-738) 


Key words $ 
Anaesthetics ‘i.v., propofol. Anaesthetics i.v., thiopentone. 
Intubation tracheal. Complications, bronchospasm. 


Bronchoconstriction may occur after tracheal 
intubation! and occasionally may be severe enough 
to produce life-threatening decreases in gas flow. 
Because induction is the period of highest risk for 
bronchospasm it is important to identify induction 
agents which minimize the bronchoconstrictor 
response to tracheal intubation. 

The effects of thiopentone on airway resistance 
remain controversial. Early studies indicated that 
thiopentone releases histamine and constricts air- 
ways.* However, thiopentone may also inhibit 
vagal reflexes,’ and at higher concentrations produce 
bronchodilatation.2 The effects of propofol on 
human bronchomotor tone are also inconclusive. 
There are studies reporting bronchospasm during 
propofol induction? but there are also some stating 
otherwise.!° Mehr and Linderman, comparing the 
effects of propofol on peripheral airway responsive- 
ness with the effects of thiopentone and halothane, 
showed that propofol afforded no benefit over 


thiopentone or halothane.!! Cheng and colleagues 
recently found that in vitro, propofol did not produce 
smooth muscle relaxation.!* However, a study com- 
paring the incidence of wheezing in asthmatic 
patients induced by different i.v. anaesthetic agents 
found that fewer patients wheezed after receiving 
propofol compared with a barbiturate. }3 

The purposes of this study were to compare the 
effects of propofol and thiopentone on tracheal 
intubation-induced bronchoconstriction and to 
investigate how the addition of an inhalation anaes- 
thetic further influences bronchomotor tone after 
intubation. 


Patients and methods 


This study was carried out with the approval of the 
Human Subjects Review Board of Chang Gung 
Memorial Hospital. All patients underwent surgery 
of the extremities and were of normal body habitus, 
ASA I or IL. 

After obtaining informed consent, 37 patients, 


_ aged 20-50 yr, were allocated to one of two groups. 
-- Induction was performed by an anaesthetist who did 


not participate in the study. The induction agent 


‘chosen was according to a random number design 


which was not revealed until the start of induction. 
The anaesthetist recording the resistance measure- 
ment was unaware of the medication used for induc- 
tion. Anaesthesia in the thiopentone group was 
induced with thiopentone 5 mg kg”! i.v. There was a 
variance allowed of -1 mg kg™! depending on the 
response of the-patient. Vecuronium 0.1-0.2 mg 
kg"! was given to facilitate oral tracheal intubation 
using a 7.5-mm tube. After intubation, an i.v. infu- 
sion of thiopentone 15 mg kg™! h“! was started 
immediately to maintain an adequate anaesthetic 
level until the end of the study. Anaesthesia in the 
propofol group was induced with 2.5 mg kg™! and a 
bolus dose of vecuronium followed by a continuous 
infusion of propofol 9 mg kg! h`! for maintenance 
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of anaesthesia. Patients’ lungs were ventilated with 
100% oxygen using a Drager Narkomed II ventilator 
(North American Drager, PA, USA) at a tidal 
volume of 650 ml, an inspiratory flow rate of 0.6 litre 
s7! with a rectangular wave pattern and a ventilatory 
frequency of 10 bpm. Mean end-tidal Pco, was 4.6 
kPa in the thiopentone and propofol groups. All 
patients were positioned supine. 

Resistance of the respiratory system (Ars) was 
measured 2 and 5 min after intubation with a CP- 
100 pulmonary function monitor (Bicore, Irvine, 
CA, USA). The CP-100 pulmonary function 
monitor is a monitoring device consisting of a flow 


transducer (VarFlex) and an oesophageal balloon ` 


catheter which allows breath-by-breath measure- 
ment of tidal volume (VT), airway flow (V), 
transpulmonary pressure (airway — oesophageal 
pressure) and airway pressure (Paw). The flow trans- 
ducer was connected to the ventilation system 
between the tracheal tube and the Y-piece. The 
oesophageal balloon catheter was left exposed to 
ambient pressure to measure Rrs. Measurement of 
Rrs was based on pressure and flow measurements 
in the airway. Resistance measurements were 
calculated using the isovolume method (the differ- 
ence in airway pressure divided by the sum of the 
flows taken at the same volume during both inspira- 
tion and expiration)!*!” and included resistance of 
the tracheal tube. The CP-100 monitor is equipped 
with self-diagnostic hardware tests which perform 
self-calibration of the measuring system. 

After the 5-min period during which the patient 
received only the induction agent, inhalation anaes- 
thesia was begun with 1.3% isoflurane and 50% 
nitrous oxide in oxygen, as monitored by end-tidal 
concentrations. Inspired concentrations of isoflurane 
were adjusted to 5% initially to achieve this end-tidal 
concentration as rapidly as possible and were then 
adjusted using the end-tidal monitor. Respiratory 
measurements were repeated 30 min after initiation 
of inhalation anaesthesia. 

As secretions in the trachea may affect resistance 
data, the trachea was suctioned 1 min before every 
Rrs measurement to remove any sputum that might 
influence the resistance measurement. Suctioning 
was performed with a 10-ml sputum trap attached 
between the suction catheter and the vacuum 
source. The total volume of mucus collected during 
the study was used to categorize patients post hoc 
into two groups: mucus producers (>1 ml) and 
non-mucus producers (<1 ml). 


STATISTICAL ANALYSIS 


Comparisons of differences between groups were 
made using the two-tailed Student’s ¢ test for 
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unpaired data. Comparisons within groups between 
different times were made using analysis of variance 
(ANOVA) and comparisons within subgroups at 
different times using the Student’s t test for paired 
data and Bonferroni’s correction to identify specific 
differences. P<0.05 was considered significantly 
different. 


Results 


Patients were allocated randomly to one of two 
groups: propofol (n=19, mean age 29 (range 20-45) 
yr) and thiopentone (n=18, mean age 33 (20-49) yr) 
(table 1). Patients with a history of pre-existing chest 
disease were excluded. There was no correlation 
between mucus production and smoking. 

Two and 5 min after intubation, Rrs values were 
8.5 (sD 1.5) cm H,O litre7! s~! and 8.5 (1.4) cm 
H,O litre! s~! in the propofol group, respectively, 
but 10.9 (3.2) cm H,O litre! s7! and 11.0 (3.4) cm 
H,O litre! s~! in the thiopentone group (fig. 1) 
(P<0.01, Student’s ż test for the effect of the drug). 

Thirty minutes after initiation of isoflurane— 
nitrous oxide anaesthesia, Rrs had declined signifi- 
cantly (to 8.6 (SEM 1.3) cm H,O litre! s7}; 
P<0.001, Student’s ¢ test paired data comparing Rrs 
after intubation and 30 min after inhalation anaes- 
thesia) by a mean of 17.5 (3.6) % in the thiopentone 
group (P<0.01) compared with after intubation, but 
had declined (to 8.3 (1.0) cm H,O litre™! s7} ; P< 
0.002, Student’s ¢ test) by only 1.6 (2.6) % in the 
propofol group (fig. 2) (P<0.001 for percentage 
decline of thiopentone vs propofol). Rrs in the 
propofol group 30 min after initiation of inhalation 
anaesthesia did not differ from Rrs after intubation. 

In our 37 patients there was a clear difference in 
Rrs between mucus and non-mucus producers. Rrs 





Rrs (cm H,0 litre”? s’) 





2 min 5 min 

Figure 1 ‘otal respiratory system resistance (Rrs) at 2 and 5 
min after tracheal intubation using thiopentone (W) or propofol 
(Q) for induction of anaesthesia (mean, SD). **P<0.01 vs 
propofol. 


Table 1 Patient data (mean (SD or range)). No significant differences between groups 





Subgroups ` 

Mucus producers Non-mucus producers 
Group No of patients Age (yr) Weight (kg) No of patients Age (yr) Weight (kg) 
Propofol 5 G males 4 smoken) 338 (2443) O44 (8-7) 14 (12 males 5 smokes) 279 20-38) 678 D 





Respiratory resistance, propofol and thiopentone 
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Table 2 Respiratory system resistance (Rrs) 5 min after intubation and 30 min after initiation of inhalation 
anaesthesia in mucus and non-mucus producers in the thiopentone and propofol groups (mean (SD)). **(P<0.01) 
compared with Rrs 5 min after intubation; }{(P<0.01) compared with non-mucus producers 





Rrs at 5 min post-inrubation 


Rrs at 30 min after initiation 
of inhalation anaesthesia 





Group Number of patients (cm H,O litre7!s~) (cm H,0 litre7!s—!) 
Thiopentone 
Mucus producers 7 14.4 (2.tt 9.7 (1.3)** FF 
Non-mucus producers 11 8.6 (0.5) 7.9 (0.6)** 
Propofol 
Mucus producers 5 10.2 (2.0)++ 8.7 (0.9)**++ 
Non-mucus producers 14 8.0 (0.8) 8.1 (1.0) 
bronchoconstrictive response equivalent to 30 min 
5- administration of end-tidal 1.3% isoflurane~50% 


20 








Time (min) 
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Rrs (% change) 
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Figure 2 Percentage change in total respiratory system 
resistance (Rrs) from baseline (5 min after intubation) to 5, 15 
and 30 min after initiation of 1.3% end-tidal isoflurane-50% 
nitrous oxide after induction of anaesthesia with thiopentone (W) 
and propofol (@) (mean, SEM). ***P<0,001 vs propofol. 


of mucus producers was significantly higher than 
non-mucus producers (Student’s z test for unpaired, 
P<0.01) (table 2). Rrs values were consistently high 
regardless -of sputum volume among mucus 
producers suggesting that mucus production is a 
marker for hyper-reactivity in our patients. 

Analysis ‘of the subgroups, mucus vs non-mucus 
producers, demonstrated that propofol and thiopen- 
tone mucus producers had significantly higher Rrs 
values at both 5 min after intubation and 30 min 
after initiation of inhalation anaesthesia than non- 
mucus producers. A significant reduction in Rrs 30 
min after initiation of inhalation was noted for 
thiopentone and propofol mucus producers 
together, in addition to thiopentone non-mucus 
producers, but not for propofol non-mucus 
producers. 

For mucus and non-mucus producers, Rrs 30 min 
after administration of the inhalation agent was not 
different between thiopentone and propofol. 


Discussion 


The important findings of this study were that 
compared with thiopentone, propofol attenuated 
the intubation-induced bronchoconstrictive response. 
Mucus production was a marker of airway reactivity. 
In patients with normal airways, propofol pro- 
vided protection against the intubation-induced 


nitrous oxide anaesthesia. In mucus-producing 
patients however, propofol did not provide full 
protection but was still better than thiopentone. 

We chose to use vecuronium because of the lack of 
histamine release,!® and the lack of drug interaction 
between vecuronium and propofol.!9 

The isovolume method of measuring respiratory 
resistance used in this study includes the resistance 
of the tracheal tube. At the flow rates used with a 
7.5-mm tracheal tube, this would have resulted in a 
consistent overestimation of resistance of approxi- 
mately 4 cm H,O litre7! s~!.!4 While the exact effect 
of the tracheal tube on the value depends on expira- 
tory flows and would vary slightly from patient to 
patient, inter-patient variation would be very smail. 
If the value of 4 is subtracted from all patients, the 
mean values for the propofol and thiopentone 
groups become 5 and 7 cm H,O litre~!s7!, suggest- 
ing an approximate 40% increase in resistance if 
thiopentone is used for induction. 

Although the Bicore pulmonary function monitor 
provides measurements of the resistance of the lung 
(Ri), Rrs was used to study the response because of 
its reproducibility and simplicity of measurement, 
requiring only airway pressure and flow data. Supine 
position may influence oesophageal pressure read- 
ings and decrease accuracy, and technical difficulties 
because of oesophageal secretions and catheter 
movement may make measurements of R, less 
reproducible. Under anaesthesia and neuromuscular 
paralysis, there is a correlation of 0.9998 between R, 
and Rrs in rabbits.” Given the inherent difficulties 
of the oesophageal catheter, Rrs provides more reli- 
able data. Therefore, we left the oesophageal 
catheter port of the Bicore open to air so that we 
measured Rrs. 

Our results suggesting a beneficial effect of 
propofol on the airways are consistent with several 
recent studies. Pizov and co-workers showed that the 
incidence of wheezing was significantly greater in 
asthmatic patients receiving a barbiturate for induc- 
tion of anaesthesia than in patients receiving 
propofol.!3 However, they made no measurement of 
respiratory resistance. Cigarini and colleagues 
demonstrated that propofol prevented fentanyl- 
induced bronchoconstriction in surgical patients.?! . 
Pederson anecdotally reported that sedative doses of 
propofol inhibited postoperative bronchospasm in 
two patients with hyper-reactive airway disease.?? 
Prien demonstrated that moving patients from the 
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supine to the lithotomy position, airway impedance 
was unchanged for patients anaesthetized with 
propofol, but it increased significantly for patients 
anaesthetized with thiopentone.23 Our objective 
findings after airway stimulation provide further 
evidence of a protective effect of propofol. 

A secondary finding of the study was that a sub- 
group of patients had significant mucus production 
after intubation, and that the greatest increase in res- 
piratory resistance occurred in this group of patients. 
Our finding agrees with others as mucus production 
has been shown previously to be a marker of airway 
irritation.2* Production of 1 ml represents 10% of 
the normal daily production of the airways and 
appears to have been a marker for patients with more 
reactive airways. Among mucus producers, Rrs 5 
min after intubation was significantly higher in the 
thiopentone group than in the propofol group sug- 
gesting that propofol is significantly better than 
thiopentone in providing protection against the 
increase in airway resistance in these patients with 
more reactive airways. 

Our finding that there was no correlation between 
mucus production and smoking agrees with the 
results in our previous study on the effects of 
fenoterol on the airway resistance response to 
tracheal intubation.”* 

Inhalation anaesthetics have been shown to cause 
bronchodilatation in a dose-related manner.?°?” Our 
results in the thiopentone mucus and non-mucus 
producers confirmed this effect. The addition of 
end-tidal concentrations of 1.3% isoflurane-50% 
nitrous oxide after propofol produced a further slight 
decrease in the mucus producers (significant differ- 
ence P=0,049 for two-tailed and 0.025 for one- 
tailed), but not in the non-mucus producers, 
suggesting that propofol provides bronchodilatation 
almost equivalent to that provided by inhalation 
anaesthetics. However, as the number of mucus 
producers studied was relatively small, interpretation 
of the decrease in Rrs 30 min after inhalation anaes- 
thesia for the propofol mucus producers must be 
made with caution. The magnitude of the additional 
bronchodilatation after isoflurane was relatively 
small, implying that even in mucus producers, 
propofol produced substantial protection. 
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Propofol or halothane anaesthesia for children with asthma: effects on 


respiratory mechanics 


W. Hare, I. MATSUMOTO AND P. D. SLY 


Summary 


Propofol may cause histamine release and alter 
airway tone and reactivity. Although its use has 
been reported to be safe in asthmatics, there is a 
lack of information on its effect on lung function in 
children with asthma. We measured respiratory 
mechanics after i.v. or inhalation anaesthesia in 60 
children, aged 2-12 yr, with or without asthma. 
Anaesthesia was induced with propofol 3 mg kg~", 
fentanyl 1 ug kg~) and atracurium 0.5 mg kg™! and 
maintained with an infusion of propofol 10 mg 
kg-'h-? and 50% nitrous oxide in oxygen. 
Halothane was administered subsequently at ‘a 
concentration of 1 MAC. Respiratory mechanics 
were measured by applying a single-compartment 
model using multi-linear regression analysis to 
calculate dynamic compliance (Crs,dyn) and respi- 
ratory system resistance (Ars), based on: Pao = 
ViCrs,dyn + V Ars + Pa,EE, where Pao = airway 
opening pressure, Pa,EE = alveolar pressure, V = 
volume and V = flow. The two groups were com- 
parable in age, weight and ventilation variables 
(tidal volume and peak pressure). Respiratory 
mechanics during propofol anaesthesia were com- 
parable in normal and asthmatic children (Ars = 
20.5 x 1074 (sp 5.2 X 1074) vs 21.5 x 1074 (5.7 x 
1074) kPa mi~? s7! (ns) and Crs,dyn = 247.5 (76.5) 
vs 235.1 (63.8) ml kPa~' (ns)). Halothane produced 
a minimal decrease in Ars and a minimal increase 
in tidal volume in both groups without changes in 
Crs,dyn. In conclusion, respiratory mechanics were 
comparable after propofol anaesthesia in both 
children with and without asthma. Changes 
in Ars after halothane administration were not 
clinically relevant. (Br. J. Anaesth. 1996; 77: 
739-743) 
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With the worldwide increase in the prevalence of 
asthma! an increased number of asthmatics are 
likely to require anaesthesia for surgical procedures. 
As asthma is characterized by increased airway 
reactivity to different stimuli, the choice of anaes- 
thetic technique should consider the increased risk 


of bronchospasm in children with asthma. 
Anaesthesia may induce changes in airway resist- 
ance, alter ventilation distribution, produce 
atelectasis and reduce lung volume,’ any of which 
may result in hypoxaemia. 

Propofol has several advantages for use in paedi- 
atric anaesthesia. It has been shown to reduce the 
incidence of airway obstruction at induction,” 
shorten recovery time and allow earlier discharge for 
outpatients,®’ and to reduce postoperative emesis.®° 
However, propofol has been reported to induce 
histamine release in healthy!° and atopic patients.!! 
Excessive histamine release may provoke broncho- 
constriction in asthmatic patients and would limit its 
usefulness in this group. While propofol has been 
reported to be safe in asthmatic patients,!?-'4 there is 
a lack of information on its effect on lung function in 
asthmatics, particularly children. Objective lung 
function data are required before recommending the 
use of propofol in asthmatic children. 

This study was designed to measure respiratory 
mechanics in children with asthma undergoing 
mechanical ventilation during (i) induction of anaes- 
thesia with propofol and (ii) maintenance of anaes- 
thesia with halothane in children with and without 
asthma. For practical reasons respiratory mechanics 
were measured during propofol anaesthesia first, 
followed by measurements during halothane 
anaesthesia. 


Patients and methods 


After obtaining institutional Ethics Committee 
approval and parental informed consent, we studied 
60 children, aged 2-12 yr, undergoing elective 
surgery requiring general anaesthesia and mechani- 
cal ventilation. Based on the medical history during 
preoperative anaesthetic assessment, children were 
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classified as having asthma (children with a history of 
physician diagnosed asthma, stabilized under 
medical treatment before undergoing surgery) or not 
(children with normal lungs and no history of 
asthma, hay fever or allergies). Children with a 
history of upper respiratory infection within 4 weeks, 
and children with acute or chronic respiratory 
disease other than asthma were excluded. 

All children had EMLA cream applied on both 
hands 1 h before surgery, and received oral midazo- 
lam 0.25-0.35 mg kg™!, 30 min before induction of 
anaesthesia with propofol 3 mg kg™! and fentanyl 
1 pg kg™!. Propofol was then continued at a rate of 
10 mg kg™! h7! in the presence of 50% nitrous oxide 
in oxygen while respiratory mechanics were 
measured. A tracheal tube was inserted after admin- 
istration of atracurium 0.5 mg kg`!. The size of the 
uncuffed tracheal tube was chosen to avoid leak at 
the pressures encountered during mechanical venti- 
lation. If a leak was detected around the tracheal 
tube, a throat pack was inserted or cricoid pressure 
was applied, or both, during measurements. The 
lungs were ventilated mechanically with a volume- 
controlled ventilator (Air-Shields Ventimeter 
Controller) and ventilatory frequency was titrated to 
achieve an end-tidal carbon dioxide concentration of 
approximately 4.6 kPa. After respiratory measure- 
ments were obtained during infusion of propofol, 
anaesthesia was subsequently maintained with 1% 
halothane and 50% nitrous oxide in oxygen. 

The measurement equipment, consisting of a 
pressure port and transducer (Microswitch 142 
PCO1D) to measure airway opening pressure (Pao) 
and a pneumotach (Hans Rudolph Inc. K.C., MO, 
USA) to measure flow (V) was placed between the 
patient’s tracheal tube and the ventilator circuit. Pao 
and V signals were amplified (Applied Measure- 
ment, 022A), low- pass filtered (cut-off frequency 
10 Hz, Applied Measurement, 043) and stored on 
computer. All data were collected and analysed 
using a data acquisition package (Anadat and 
Labdat, RHT Infodat, Montreal, Canada). 


MEASUREMENT OF RESPIRATORY MECHANICS 


Respiratory mechanics were measured during 
mechanical ventilation using well characterized 
methods.!5!6 Multi-linear regression analysis was 
used to calculate respiratory system compliance 
(Crs,dyn) and resistance (Rrs) from measurements 
of airway opening pressure (Pao), flow (V) and 
volume (V) using the equation: f 
Pao = V/Crs,dyn + VRrs + PA,EE (1) 
The constant term in equation (1) (PA,EE) 
reflects alveolar pressure.!” Data were used only if 
the coefficient of determination (r?) of this fit was 
> 0.98. 


` CORRECTION FOR GAS PHYSICAL PROPERTIES 


Measurements of flow obtained from a pneumota- 
chograph are influenced by the physical properties of 
the gas passing through. When using gases with dif- 
ferent physical properties, one must correct for this 
effect. We used the principles applied by Johns, 
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Pretto and Streeton!® to determine the appropriate 
correction factor for the gas concentrations used in 
this study. Using a 100-ml syringe filled with the gas 
mixture used in each part of the study, 100 ml of gas 
were flushed through the pneumotachograph and 
the resulting flow integrated to produce a volume 
measurement. By repeating this manoeuvre 20 times 
with each gas mixture, the relevant correction factors 
were calculated and subsequently applied to the 
flows measured with the relevant gas mixture. 


STUDY DESIGN 


All measurements were completed in the anaesthetic 
induction room before surgical stimulation. After 
tracheal intubation and 5 min of steady state 
mechanical ventilation during infusion of propofol, a 
first set of three discrete 20-s epoch measurements 
were obtained. Infusion of propofol was then discon- 
tinued and anaesthesia was maintained with 1% 
halothane and 50% nitrous oxide in oxygen. An 
anaesthetic gas analyser (COR agent ANM 605) 
was used to determine when a steady state concen- 
tration had been reached. An expiratory halothane 
concentration of 0.7% (1 MAC) was achieved within 
5-8 min. Measurements of respiratory mechanics 
were then repeated. 


STATISTICAL ANALYSIS 


A 20% difference in resistance (Rrs) between 
asthmatic and normal children, or a 20% change in 
Rrs with anaesthetic were considered clinically 
significant. Based on the intra-subject variability of 
Rrs, calculated using the multi-linear regression 
technique,!5!9 groups of 30 subjects have been 
shown to have 95% power to detect a 20% difference 
in Rrs between groups. 

Comparisons between asthmatic and normal 
children were made using the unpaired two-tailed t 
test. Paired two-tailed £ tests were used to compare 
changes in respiratory mechanics before and after 
administration of halothane. Statistical significance 
was accepted at the 5% level. Data analysis was 
performed using SPSS 6.1 for Windows. Data are 
presented as mean (SD). 


Results 


The two groups of patients were comparable in age, 
weight, sex and size of the tracheal tube (table 1). 
The different clinical patterns and treatment of 
asthma are shown in table 2. Seventeen of the asth- 
matic children had received a bronchodilator on the 
morning before admission to theatre. There was no 
significant difference in airway resistance between 
the asthmatic children who received bronchodilators 


Table 1 Patient data (mean (SD) [range]). No significant 
differences between groups 


Control (7=30) Asthma (n=30) 
Age (months) 75.3 [27-124] 81.1 [22-143] 
Weight (kg) 23.9 (7.9) [11.95-38.4] 24.4 (9.5) [10.450] 
Sex (M/F) 13/17 18/12 
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Table 2 Individual clinical data for children classified as having 
asthma. Pattern of asthma is presented as persistent episodes 
(P), infrequent episodes (I) and seasonal episodes (S). Medical 
treatment is presented as bronchodilators (B), inhaled steroids 
(IS), oral steroids (OS) and cromoglycate (C). *Received 
bronchodilator on the day of surgery 
ees 
Patient Age Asthma Preoperative 
No. (yr mths) severity Treatment bronchodilator 


4 411 P B * 
5 811 S B 
8 610 S B 
15 119 I B, IS * 
17 71 I B 
19 28 P B, OS * 
21 75 I B 
23 95 S IS * 
24 56 I B * 
31 41 I B 
34 93 P B,C,IS  * 
35 110 I B * 
36 65 P B, IS * 
37 68 I B, IS * 
38 310 I B, IS 
39 310 s B 
40 1110 I -B 
41 49 S B,ISC  * 
42 44 P B 
43 77 P B,C * 
44 610 I B 
45 77 P B, IS * 
48 99 I B, IS 
49 35 P B 
51 101 I B 
52 810 P B, IS * 
53 51 P B,C * 
54 88 P B, IS * 
59 96 I B, IS * 
60 43 P B,C * 


and those who did not (22.6 X 1074 (sD 5.6 X 1074$) 
vs 20.2 X 1074 (5.7 X 1074) kPa mi~! 873). 
Ventilation variables were comparable between 
the groups. With the ventilator set to achieve an 
end-tidal carbon dioxide concentration of approxi- 
mately 4.6 kPa, the lungs of the children were venti- 
lated with a tidal volume of approximately 10 ml 
kg! and a frequency of 0.25 Hz, with an inspira- 
tory—expiratory time ratio of 0.5 (table 3). There 
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Table 3 Ventilation variables measured 5 min after tracheal 
intubation during propofol infusion for maintenance of 
anaesthesia (mean (sD)), No significant difference between 
groups 


eee 


Control Asthma 
Tidal volume (ml kg~!) 10.85 (2.14) 10.65 (2.64) 
Frequency (Hz) 0.25 (0.02) 0.25 (0.03) 
TYTE 0.55 (0.15) 0.50 (0.14) 
Peak pressure (kPa) 1.84 (0.22) 1.91 (0.26) 
End-expiratory pressure (kPa) 0.29 (0.14) 0.25 (0.07) 


aaa a 


were no significant differences between the two 
groups in airway pressure (peak pressure, mean pres- 
sure and end-expiratory pressure) and respiratory 
mechanics (dynamic compliance and resistance) 
(table 4). 

During administration of halothane, in both 
groups there was a significant increase in tidal 
volume and a decrease in Rrs, while Crs,dyn did not 
change (table 4). Both of these changes were small 
and not clinically significant. Furthermore, changes 
in tidal volume and respiratory mechanics were 
equivalent in both groups before and after adminis- 
tration of halothane. The decrease in airway resist- 
ance was comparable in asthmatic patients who had 
received bronchodilators in the morning and those 
who had not (7.4 X 1074 (1.3 X 1074) vs 5.8 X 1074 
(1.2 X 1074) kPa mi~! 373). 


Discussion 


We have found that respiratory mechanics were 
comparable in asthmatic and non-asthmatic children 
after induction of anaesthesia with propofol. 
Furthermore, changes during halothane anaesthesia 
were not clinically significant suggesting that 
propofol was not associated with any adverse effects 
in children with or without asthma. 

This study provides information on respiratory 
mechanics in children with and without asthma, 
receiving routine induction of anaesthesia with 
propofol, followed by maintenance with halothane. 
This anaesthetic regimen mimics that which would 


Table 4 Changes in ventilation variables and respiratory mechanics before and after halothane administration. 
Changes in ventilation parameters and respiratory mechanics before and after administration of halothane (mean 


(sD) [range]). *P < 0.05 


Control 


Tidal volume (ml) 


Asthma 


Propofol 
Halothane 

Peak pressure (kPa) 
Propofol 
Halothane 

Mean airway pressure (KPa) 
Propofol 
Halothane 

Compliance (ml kPa!) 
Propofol 
Halothane 

Resistance (kPa ml~! 87?) 
Propofol 


Halothane 


248 (60) [134-352] 
252 (62)* [136-371] 


1.84 (0.22) [1.3-2.3] 
1.89 (0.23) [1.33-2.35] 


0.55 (0.13) [0.38-0.96] 
0.59 (0.17) [0.41-1] 


247.5 (76.5) [120-431] 
248.9 (81) [116-461] 


20.5X 10-4 (5.2% 1074) 
(12.15-31.7] x 1074 

20.1X10~4 (5.1X 1074)* 
[12-31] 1074 


244 (58) [98-371] 
248 (59)* [98-380] 


1.91 (0.26) [1.5-2.6] 
1.93 (0.24) [1.6-2.4] 


0.49 (0.08) [0.4-0.79] 
0.51 (0.08) [0.42-0.86] 


235.1 (63.8) [116-352] 
235.8 (63.2) [114-363] 


21.5X1074 (5.7%1074) 
[14.3-36.3]x 1074 
20.9% 10-4 (5.0% 1074)* 
[14.2-33.7] X1074 
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be used clinically in children, if propofol was shown 
to be safe in children with asthma. Ideally, we would 
have wished to obtain measurements of respiratory 
mechanics before and after propofol and before 
and after halothane. This design is impractical as 
propofol is given to induce anaesthesia. If anaes- 
thesia was induced with a volatile agent, such as 
halothane, the presence of this agent would be likely 
to mask any changes caused by propofol. In addi- 
tion, the design used in this study mimics the clinical 
situation in which these drugs are used. To circum- 
vent our inability to measure respiratory mechanics 
before and after introduction of propofol, we 
compared results obtained in asthmatic and non- 
asthmatic children and after achieving a concentra- 
tion of 1 MAC of halothane. If propofol produced 
bronchospasm in children, we would have expected 
to see a significant decrease in Rrs after introduction 
of halothane. Similarly, if propofol had more adverse 
effects in asthmatic children, we would have 
expected to find a higher resistance in this group 
compared with the control, and a bronchodilator 
response with halothane. Neither of these patterns 
was seen. 

Some reports have suggested that propofol causes 
histamine release in healthy!° and atopic patients,!! 
and may induce bronchospasm.?°?! To our know- 
ledge, there are no reports of respiratory mechanics 
after propofol anaesthesia in children. In this study, 
Rrs was slightly higher in asthmatic children and this 
difference was found at all stages of the study but 
was not statistically significant. The difference in 
group means was small (< 1.0 X 1074 kPa ml“! s7!) 
and not clinically significant. Crs,dyn was also 
slightly lower in the asthmatic group. These differ- 
ences may have resulted from either differences in 
baseline lung function or greater propofol-induced 
histamine release in asthmatic children. In both 
cases the differences were too small to be considered 
important and suggest that the use of propofol is safe 
in children with asthma. 

It has also been suggested that propofol causes 
greater bronchospasm when combined with another 
histamine-releasing substance such as atracurium,” 
which can induce histamine-release from mast 
cells.23 All children in this study received propofol 
and atracurium at induction of anaesthesia. If hista- 
mine release was a significant clinical problem with 
either or both of these drugs, we might have 
expected a greater effect in asthmatic children as 
airway sensitivity to histamine is increased in asth- 
matics.2* However, we did not observe any signifi- 
cant differences in ventilation variables or in 
respiratory mechanics between the two groups of 
children. These findings support a recent study in 
which it was found that atracurium 0.5 mg kg™! had 
no clinically significant effects on the airways.?° 

Halothane produced small but consistent bron- 
chodilatation in both groups and the decrease in Rrs 
was similar in children with and without asthma. 
Previous studies have shown that halothane reduces 
airway resistance, primarily when increased by 
chemical agonists.2627 Most recently, 1 MAC of 
halothane has been found to dilate the airways of 
normal canine lungs without preconstriction.”® 
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These authors also showed that halothane does not 
exert any effect on lung tissue mechanical properties. 
While one must always be cautious in extrapolating 
data from animal studies to humans, our results are 
consistent with these findings as our single compart- 
ment model was sensitive enough to detect a mild 
but statistically significant decrease in Rrs without 
any change in Crs,dyn. The decrease in Rrs con- 
tributed to the mild increase in tidal volume which 
was not clinically significant. 

While no changes in group mean lung function 
occurred, to ensure that no clinically important sub- 
group was missed, we examined the magnitude of 
the reductions in resistance occurring in individual 
children. A 10% decrease in resistance is the mini- 
mum that would be considered clinically significant 
and is well beyond the variability of our measure- 
ments. One non-asthmatic and four asthmatic child- 
ren showed a reduction in resistance of 10% or more 
after introduction of halothane and no child had a 
change of 20%, demonstrating that the changes in 
resistance were not clinically significant. 

In interpreting our data one must realize that we 
do not have measurements of absolute lung volume. 
If propofol caused bronchoconstriction this could be 
accompanied by an increase in functional residual 
capacity (FRC) (or less decrease in FRC than is 
usually produced by induction of anaesthesia). 
Under these circumstances the introduction of 
halothane would be expected to produce broncho- 
dilatation and a reduction in FRC to the normal 
(anaesthetic) baseline. As airway resistance is 
volume-dependent, a decrease in FRC may result in 
an increase in resistance, masking the bronchodilator 
effect of halothane. We do not believe this possible 
scenario can explain our data for the following 
reason. As part of our multi-linear regression analy- 
sis of lung function, we produced a value for end- 
expiratory alveolar pressure (PA,EE in equation (1)). 
This measurement has been validated against direct 
measurements of alveolar pressure in animals.’ 
End-expiratory alveolar pressure is determined by 
the elastic recoil of the lungs and chest wall at the 
absolute lung volume at which end-expiration occurs 
and by any externally applied positive end-expiratory 
pressure (provided sufficient expiratory time has 
been allowed for the lungs to empty to their “rest- 
ing” volume). Thus PA,EE is dependent on absolute 
lung volume and can be used as a surrogate marker 
of end-expiratory lung volume, provided respiratory 
system compliance does not change. In this study, 
compliance did not change with the introduction of 
halothane and the mean change in Pa,EE was 0.039 
kPa for the non-asthmatic group and 0.017 kPa for 
asthmatics. These data strongly suggest that a 
change in lung volume did not occur with the intro- 
duction of halothane and that this potential con- 
founder is not the reason that we did not see a 
significant reduction in airway resistance with 
halothane. 

Among the different techniques used to measure 
dynamic respiratory mechanics that have been 
validated for use in children during anaesthesia, 
multiple linear regression techniques (MLR) are the 
most easily implemented.!51619 During ventilation, 
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MLR uses measurements of Pao, V and V through- 
out the entire respiratory cycle to calculate Crs,dyn 
and Rrs. We achieved consistently a good fit during 
mechanical ventilation (r? > 0.98). This good coeffi- 
cient of determination suggests that the application 
of the single-compartment model for measurements 
of dynamic mechanics in our study is a good 
approximation of the mechanical properties of the 
respiratory system ventilated at a single frequency. 
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Hepatocellular integrity during and after isoflurane and halothane 


anaesthesia in surgical patients 


P. TIAINEN AND P. H. ROSENBERG 


Summary 


Subclinical disturbance in hepatocellular integrity, 
indicated by glutathione transferase Alpha (GSTA), 
has been associated with halothane, sevoflurane 
and propofol, but not with isoflurane anaesthesia. 
We anaesthetized 82 patients with isoflurane or 
halothane at 1 MAC for superficial surgery. GSTA 
concentration were measured with a sensitive time- 
resolved immunofiuorometric assay in serum sam- 
ples. GSTA concentrations increased from a baseline 
value of geometric mean 1.8 wg litre-? (95% confi- 
dence intervals 1.4-2.2 yg litre’) to a peak of 4.3 
(3.3-5.7) «wg litre? in the isoflurane group and from 
2.1 (1.6-2.9) jug litre! to 6.2 (4.1-9.5) ug litre~1 in the 
halothane group. The change in GSTA was signifi- 
cant within groups but the difference between 
groups was not significant. Two patients exhibited 
an unexpectedly large increase in GSTA (peaks 370 
and 620 pg litre’) and a mild increase in alanine 
aminotransferase after halothane anaesthesia. We 
conclude that hepatocellular integrity was mildly dis- 
turbed after isoflurane and halothane anaesthesia 
but there was no difference between anaesthetics. 
Halothane anaesthesia may be associated with more 
advanced hepatocellular disturbance in some cases. 
(Br. J. Anaesth. 1996; 77: 744-747) 
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Disturbance in hepatocellular integrity indicated by 
a sensitive marker, glutathione transferase Alpha 
(GSTA), has been noted after halothane,!3 sevoflu- 
rane? and propofol? anaesthesia, but not after isoflu- 
rane anaesthesia.!? There is some disagreement 
between studies which used an enzyme immuno- 
assay or a time-resolved immunofluorometric assay 
for GSTA measurements after sevoflurane?” and 
propofol*® anaesthesia. For example, the enzyme 
immunoassay kit does not appear to be sensitive 
enough to detect small changes in serum concentra- 
tions of GSTA.” In addition, because of the rela- 
tively short half-life of GSTA in serum (56 min),® 
GSTA should be assayed in samples collected at 
short intervals. This has not been the case in several 
recently published studies involving anaesthesia and 


GSTA where no samples were obtained for several 
hours after the end of anaesthesia.*°° Therefore, we 
have attempted to confirm the reported differential 
influence of isoflurane and halothane anaesthesia on 
hepatocellular integrity by using a new, sensitive, 
time-resolved immunofluorometric assay for GSTA® 
and short sampling intervals. 


Patients and methods ` 


The study was approved by the Ethics Committee of 
the Surgical Hospital, Helsinki University Central 
Hospital. Informed consent was obtained from all 
patients. We studied 82 patients, aged 22—64 yr, 
with a body mass index (BMI) <30 kg m~? (weight 
X height~?) undergoing superficial surgery during 
general anaesthesia lasting at least 2 h (table 1). 
Exclusion criteria were patients with known liver 
disease or a history of heavy alcohol consumption, 
those with hyperthyroidism or receiving thyroxine 
medication, those receiving medication likely to 
affect the liver, and those who were suspected to 
have had an adverse anaesthesia-related effect after a 
previous inhalation anaesthetic. Administration of 
paracetamol or corticosteroids was not allowed 
within 3 days before or during the study. 

Patients were allocated randomly to one of two 
groups of 41 patients each, to receive either isoflu- 
rane or halothane anaesthesia. Premedication com- 
prised oral diazepam, approximately 0.2 mg kg™!. 
Glycopyrronium 0.2 mg, fentanyl 3 pg kg™!, thio- 
pentone 3-6 mg kg™! and vecuronium 0.1 mg kg”! 
were given during induction of anaesthesia. After 
tracheal intubation, normocapnia was maintained 
with mechanical ventilation using oxygen-enriched 
air (Fig,=0.35) without positive end-expiratory 
pressure. Anaesthesia was maintained with isoflu- 
rane at an expiratory concentration of 0.8%, which 
was 0.68 (SD 0.04) MAC (age-corrected mean) or 
0.5% halothane, which was 0.65 (0.03) MAC, for 30 
min. Thereafter, isoflurane was maintained at 1.2% 
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(1.02 (0.05) MAC) or 0.75% halothane (0.98 (0.04) 
MAC), until the end of anaesthesia. Small incre- 
ments of fentanyl 0.05-0.1 mg were given if heart 
rate or arterial pressure increased. Nitrous oxide 
(Fiy,o=9.65) was added if a patient expressed 
clinical signs of inadequate anaesthesia after fentanyl 
increments. If neuromuscular block was needed, it 
was maintained with increments of vecuronium 1 mg 
and antagonized with neostigmine 2 mg and glyco- 
pyrronium 0.4 mg. Inspiratory and expiratory 
concentrations of isoflurane and halothane were 
monitored continuously (Capnomac Ultima, Datex, 
Helsinki, Finland). Other monitoring included non- 
invasive arterial pressure every 5 min and continuous 
electrocardiography, pulse oximetry, and inspiratory 
and expiratory Po, and Pco, (Capnomac Ultima 
and Cardiocap, Datex, Helsinki, Finland), Haemo- 
dynamic state was characterized by calculating the 
mean of systolic arterial pressure and heart rate 
during anaesthesia. The threshold of hypotension 
was defined as systolic arterial pressure 85 mm Hg, 
and the degree of hypotension was calculated as the 
area under the curve (AUC) of hypotension. 
Hypotension was defined as an AUC value of >100 
mm Hg min. Hypotension was managed by increas- 
ing the rate of fluid administration and if nitrous 
oxide was administered, it was discontinued (two 
patients in each group). After anaesthesia, patients 
were observed for 3 h in the post-anaesthesia care 
unit and thereafter on the ward. After operation, 
oxycodone 0.07 mg kg~! iv. or 0.14 mg kg™! im. 
was given when a patient requested pain medication. 


SAMPLES AND (LABORATORY ANALYSIS 


Peripheral venous blood was obtained before anaes- 
thesia (baseline), hourly during anaesthesia, and 0, 
1, 3, 6 and 24 h after the end of anaesthesia. Serum 
was stored at —20°C, that is at a temperature which 
we have found to conserve the antigenic integrity of 
GSTA for an immunoassay. 

GSTA concentrations were measured with a time- 
resolved immunofluorometric assay according to a 
standard assay procedure, except that the Eu* label 
was incubated for 3 h.? Samples from each patient 
were analysed in one assay cycle. The detection limit 
of the assay was 0.03 pg litre™! and the measuring 
range was 0.3—1000 pg litre! at 10-fold serum 
dilution. Mean intra-assay and inter-assay coeffi- 
cients of variation (cv) were 4.5-5.4% and 
11.3-17.0%, respectively.” The reference ranges of 
GSTA were 0.7—6.0 jag litre! and 0.7-14 yg litre! 
for females and males, respectively.’ 

Baseline concentrations of alanine aminotrans- 
ferase (ALT), aspartate aminotransferase (AST), 
glutamyl transferase and bilirubin were measured in 
routine hospital laboratory tests in serum samples 
obtained before anaesthesia. The detection limits for 
AST and ALT were less than 5 iu litre! and the 
inter-assay cv was 2.2~3.6%. ALT and AST were 
also measured 24 h after the end of anaesthesia. 


STATISTICAL ANALYSIS 
The skewed distributions of GSTA concentrations 
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and aminotransferase activities were normalized by 
logarithmic transformation. Changes were com- 
pared between groups and at successive times using 
repeated measures analysis of variance (ANOVA). 
Student’s £ test was used for comparison of the peak 
and area under the concentration curve (AUC) 
values between the groups on a logarithmic scale. 
Systat software was used in computing.!° For power 
analysis, GSTA concentration >66% above or 
>40% below the reference was considered as clini- 
cally significant, that is 0.22 on log, scale. The sp 
values of GSTA concentrations were predicted to be 
0.3 on log; scale. Forty-one patients in both groups 
were required for a power of 90% at a=0.05 or 36 
patients for 85%, respectively.'! 


Results 


Results from 75 patients were analysed (38 in the 
isoflurane group and 37 in the halothane group). Six 
patients were excluded because the baseline GSTA 
concentration was higher than the upper limit of the 
reference range, and one patient because she under- 
went re-operation because of bleeding. Patients in 
the isoflurane and halothane groups were compar- 
able in sex distribution, age, height, weight, BMI, 
type of surgery and incidence of malignancy (table 
1). Peroperative bleeding was 500 ml or less, except 
in four patients in the isoflurane group (600-1100 
ml) and in five patients in the halothane group 
(600-1600 ml). Duration of anaesthesia and need 
for fentanyl, nitrous oxide, vecuronium and neostig- 
mine were similar in both groups (table 2). Mean 
values for arterial pressure were the same in both 


Table 1 Patient characteristics and type of surgery (mean (SD or 
range) or number). Body mass index (BMD =weight X height~? 


Isoflurane (n=38) Halothane (n=37) 


Sex (M/F) 9/29 12/25 
(yr) 41 (22-64) 42 (25-58) 

Height (cm) 169 (8.7) 169 (9.3) 
Weight (kg) 66 (10.5) 68 (9.6) 
BMI (kg m7) 23.2 (2.3) 23.8 (2.5) 
Type of surgery 

Mammary gland 19 19 

Thyroid gland 11 7 

Male genital 8 ll 
Malignancy 

Mammary gland 13 10 

Thyroid gland 1 


Table 2 Anaesthesia characteristics (mean (SD) or number). 
*(P<0.05) between groups 





Isoflurane Halothane 
(n=38) (n=37) 
Duration of anaesthesia (min) 190 (70) 194 (54) 
Thiopentone (mg) 349 (98) 358 (108) 
Fentanyl (mg) 0.38 (0.13) 0.41 (0.17) 
Vecuronium (mg) 11.9 (4.1) 11.9 (4.3) 
Nitrous oxide (No. of patients) 6 8 
Neostigmine (No. of patients) 16 16 
Haemodynamics during anaesthesia 
Mean systolic arterial pressure 
(mm Hg) 100.8 (6.4) 101.8 (7.1) 
Mean heart rate (beat min=!) 71.3 (10.1)* 66.5 (7.5)* 
Hypotensive patients (7) 7 8 
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Table 3 GSTA concentrations (pg litre”) in serum and area 
under the concentration curve (AUC) values (geometric mean 
(95% confidence interval)). Significant differences compared 

with baseline: **P<0.01, ***P<0.001 





Isoflurane (n=38) 


Halothane (n=37) 











Baseline 1.8 (1.4-2.2) 2.1 (1.6-2.9) 
1 h after induction 1.9 (1.4-2.3) 2.3 (1.7-3.0) 

2 h after induction 3.2 (2.4-4.4)*** 3.9 (2.5-5.9)** 
End of ana esia 3.3 (2.5-4.5)*** 4.6 (2.9-7,2)*** 
1 h after anaesthesia 3.6 (2.8-4.7)*** 5.2 (3.3-8.0)** 
3 h after anaesthesia 2.6 (2.1-3.3)*** 4.1 (2.8-6.0)*** 
6 h after anaesthesia 1.3 (1.0-1.6)** 1.8 (1.3-2.4) 

24 h after anaesthesia 1.0 (0.7-1.4)*** 1.7 (1.2-2.3) 
Peak (pg litre7}) 4.3 (3.3-5.7)*** 6.2 (4.1-9.5)*** 
AUC (pg litre™! h) 6.9 (4.7-10.1) 7.0 (3.5-13.8) 


Table 4 Aminotransferase activities (iu litre) in serum 
(geometric mean (95% confidence interval). **P<0.01 compared 
with baseline 

Tsoflurane (n=38) Halothane (n=37) 


ALT baseline 14.9 (13.0-17.5) 17.4 (15.0-20.3) 
24 h after anaesthesia 12.6 (11.0-14.6)** 15.2 (12.0-19.1) 

AST baseline 18.1 (16.2-20.2) 20.0 (18.3-22.0) 
24 h after anaesthesia 17.7 (15.8-19.9) 17.7 (15.5-20.3)** 


groups, but heart rate was higher in the isoflurane 
group (table 2). 

Seven patients in the isoflurane group and eight 
patients in the halothane group were hypotensive 
during anaesthesia. AUC values of hypotension 
ranged from 110 to 790 mm Hg min (median 290 
mm Hg min) in the isoflurane group and from 100 to 
450 mm Hg min (median 220 mm Hg min) in the 
halothane group. 

GSTA concentrations varied in the isoflurane and 
halothane groups at successive times (P<0.001, 
repeated measures ANOVA). GSTA concentrations 
were significantly (P<0.01) higher than baseline 
from 2 h after induction to 3 h after the end of anaes- 
thesia in both groups. In the isoflurane group, GSTA 
concentration was less than baseline at 6 and 24h 
after the end of anaesthesia (P<0.01) (table 3). 
There were no significant differences in GSTA con- 
centrations between the isoflurane and halothane 
groups during the study. Neither the peak nor AUC 
of GSTA differed significantly between the isoflu- 
rane and halothane groups (table 3). There were 
nine patients in the isoflurane group and 12 patients 
in the halothane group with peak GSTA values 
above the reference range during or immediately 
after anaesthesia. One patient exhibited an unex- 
plained secondary increase in GSTA from 1.4 to 
19.1 wg litre-! at 24 h after isoflurane anaesthesia. 

The peak concentration of GSTA (geometric 
mean) was 4.7 (95% confidence interval 3.4-6.6) pg 
litre7! in hypotensive patients and 5.3 (3.9-7.2) pg 
litre”! in normotensive patients (ns). The corre- 
sponding results for AUC were 5.3 (2.4-11.8) ug 
litre~! h and 7.4 (4.8-11.5) ug litre! h (ns), respec- 
tively. The increase in GSTA was not associated 
with the addition of nitrous oxide, duration of anaes- 
thesia (<180 min vs =180 min), type of surgery, 
malignancy, peroperative bleeding (<500 ml ws 
2500 ml), age (<40 yr vs 240 yr), sex or BMI (<23 
kg m`? vs =23 kg m`?) when the peak and AUC 
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Figure 1 GSTA concentrations in serum. Lines indicate GSTA 
concentrations in two patients who exhibited an unexpectedly 
large increase in GSTA after halothane anaesthesia. Hatched 
area contains all GSTA concentrations in the other 73 patients, 
including a secondary increase in one patient 24 h after 
isoflurane anaesthesia. 

values of GSTA were compared by t test and the 
successive GSTA concentrations with repeated 
measures ANOVA with one grouping factor (each of 
those mentioned above) or two grouping factors 
(volatile anaesthetic and each of those mentioned 
above). 

Two patients (aged 46 and 53 yr; BMI 27.0 
and 27.3 kg m~?) exhibited an unexpectedly large 
increase in GSTA during and after halothane anaes- 
thesia for surgery of breast cancer (fig. 1). There was 
a rapid decrease in GSTA to the reference range 
after anaesthesia in these two patients. No other 
signs or symptoms except for an increase in ALT 
(from 25 to 50 iu litre! and from 17 to 121 iu 
litre~!) were observed and no obvious reason for the 
increase in GSTA was evident. Both patients 
recovered normally and ALT, AST, glutamyl 
transferase, bilirubin and GSTA concentrations 
were within reference ranges in control samples 
approximately 1 yr later. 

There was a minor decrease in aminotransferase 
activities (table 4), but no significant difference 
between groups. There were no clinical signs or 
symptoms of hepatic disorder in any patient. 


Discussion 


We found a small, short-lasting increase in GSTA 
concentrations in serum after isoflurane and 
halothane anaesthesia. This indicated a mild sub- 
clinical disturbance in hepatocellular integrity.! The 
mechanisms of the hepatic effect are unclear. 
Hypotension, nitrous oxide, duration of anaesthesia, 
type of surgery, malignancy, bleeding, age, sex or 
BMI were not associated with the increase in GSTA. 
An unexplained secondary increase in GSTA with- 
out significant primary peak in the isoflurane group 
was similar to that described in previous studies.!?4 

The lack of difference in GSTA between 
isoflurane and halothane contrasts with the results 
of earlier studies.12 Compared with the study of 
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Murray, Rowlands and Trinick,? we exposed 
younger patients (mean age 41 vs 59 yr) to lower 
concentrations of inhalation anaesthetics (1.0 vs 2.0 
MAC) for shorter intervals (mean duration 3.2 vs 10 
h). In their study,? aspartate aminotransferase 
activity increased to 110 iu litre~! (mean) 48 h after 
anaesthesia, which suggests more advanced disturb- 
ance in hepatocellular integrity than in studies 
without any increase in aminotransferases.!3 The 
relatively insensitive enzyme immunoassay for 
GSTA used by Murray, Rowlands and Trinick,? 
and infrequent sampling after anaesthesia may be 
the reason why there was no change in GSTA 
concentration after isoflurane anaesthesia. 

The discrepancy between our study and that of 
Hussey and colleagues! is unclear. Patients with 
recent exposure to halothane (within 6 months) were 
not included in either study but differences in earlier 
exposure to halothane could be a confounding factor. 
We speculate that differences in the concentrations of 
inhalation anaesthetics and ventilation mode may 
explain why Hussey and colleagues! obtained higher 
GSTA concentrations after halothane than after 
isoflurane anaesthesia. The concentration of volatile 
anaesthetic was standardized (about 1.0 MAC) in 
our study. Ventilation was controlled mechanically 
and normoventilation was achieved by monitoring 
end-tidal Pco,. In contrast, in the study of Hussey 
and colleagues,! the inspiratory concentration of 
volatile anaesthetic varied (110-3.0% isoflurane and 
1.0-1.5% halothane in oxygen—nitrous oxide) and 
ventilation was spontaneous. 

There is substantial evidence that immunological 
mechanisms may cause delayed hepatic injury after 
halothane anaesthesia (halothane hepatitis).!* How- 
ever, the time course of the changes in GSTA in our 
study did not indicate immunological mechanisms. 
Very deep anaesthesia is deleterious to the hepatic 
circulation.!3 This effect is more pronounced with 
halothane than with other anaesthetics, but the dif- 
ferences are small at 1 MAC concentration.!? The 
direct toxicity of halothane on hepatocytes under 
hypoxic conditions or glutathione depletion could 
also cause liver injury, but in a recent well-controlled 
study!‘ the authors rejected these mechanisms. 

It would be tempting to implicate halothane as the 
cause of the unexpectedly large increase in GSTA in 
two of our patients after halothane anaesthesia. 
However, we found no mechanism to explain the 
relatively large changes in GSTA. Neither of these 
patients used any medication nor had any other 
known disease except breast cancer. They were not 
hypotensive during anaesthesia. Both had been 
anaesthetized twice, 1-22 yr before the present anaes- 
thetic. A volatile anaesthetic (isoflurane) had been 
administered in one of the previous anaesthetics. 

By using a sensitive immunoassay for measure- 
ment of serum concentrations of GSTA, we have 
previously detected small increases in GSTA after 
halothane,? sevoflurane? and propofol* anaesthesia. 
This study showed that hepatocellular integrity 
appeared to be disturbed to a similar degree during 
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general anaesthesia with isoflurane or halothane at 
1.0 MAC concentration. However, in two patients 
halothane anaesthesia was associated with large 
increases in serum concentrations of GSTA with 
minor increases in ALT. The significance of this is 
not clear. 
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Standardization of non-invasive impedance cardiography for 
assessment of stroke volume: comparison with thermodilution 


Summary 


Since its introduction by Kubicek and colleagues, 
impedance cardiography has been suggested as a 
non-invasive, simple, safe and cost-effective 
method of measuring stroke volume. Several con- 
troversial reports on its validity have been pub- 
lished. Pitfalls of this method included the nature 
of the electrode system and the validity of the 
equations. Therefore, the purpose of this study 
was to compare two different spot electrode arrays 
and the two most frequently used stroke volume 
equations with each other and with thermodilu- 
tion. In 37 patients, 24-36 h after cardiac surgery, 
we performed simultaneous measurements of 
stroke volume with impedance cardiography (SVic) 
and with thermodilution (SV7p). SVic was obtained 
using the lateral spot (LS) electrode array, accord- 
ing to Bernstein, and a newly proposed modified 
semi-circular (MSC) spot electrode array. The 
equations of Kubicek and Sramek—Bernstein were 
used to calculate SV The Sramek—Bernstein 
equation was valid only when the LS array was 
used; the Kubicek equation determined SV;zp cor- 
rectly only when the MSC array was used. 
However, a considerably better correlation and 
agreement (mean difference (2 sp)) was found 
between SVic and SV for the latter (r = 0.90, 0.5 
(17.1) ml vs r = 0.64, —4.9 (31.8) ml for the 
Sramek-—Bernstein equation). We conclude that the 
most valid measurement of stroke volume using 
impedance cardiography was obtained when the 
MSC array was used together with Kubicek’s 
equation. (Br. J. Anaesth. 1996; 77: 748-752) 
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Measurement techniques, impedance  cardiograpy. 
Measurement techniques, thermodilution. Monitoring, 
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The technique of impedance cardiography (IC) has 
gained popularity as a low-cost, simple, safe and 
non-invasive method of monitoring cardiac function. 
As a measure of cardiac systolic time intervals, its 
validity has received strong support.!? However, as 
a method of monitoring stroke volume (SV), for 
which it has attracted the most interest, IC remains 
a controversial method.** One of the pitfalls of 
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this method may be the substantial degree of 
methodological diversity that exists in the use of IC. 

Impedance cardiography was introduced into 
clinical practice by Kubicek and colleagues’! using 
their proposed equation and band electrode array. 
However, the band electrodes are not practical for 
use; they are difficult to apply correctly and uncom- 
fortable for the patient, particularly in the intensive 
care unit. New electrode arrays were introduced 
using disposable spot electrodes. The spot electrode 
array most frequently used now is the eight spot elec- 
trode array according to Bernstein.? Bernstein also 
introduced a new equation, based on the findings of 
Sramek, Rose and Miyamoto!® to calculate stroke 
volume from the impedance cardiogram at the same 
time. This resulted in several studies comparing the 
Kubicek and Sramek-Bernstein equations.!! 12 
However, apart from incidental notes, no reports have 
been published in which replacement of the band 
electrodes by the eight spot electrodes has been evalu- 
ated. Therefore, we compared recently the band elec- 
trode array according to Kubicek and colleagues and 
the eight spot electrode array according to Bernstein.’ 
From this study we concluded that with the latter, 
significantly different information was obtained. 
Furthermore, it was shown, in an additional study,!4 
that the eight spot electrode array generated a less 
homogeneous electrical field, which is one of the 
essentials for IC. In addition, a new spot electrode 
array was proposed which generates a far better 
homogeneous electrical field and produces the same 
information as the original band electrode array. 
These studies were performed in healthy subjects. 

In this study we evaluated measurement of SV 
with IC, using the newly proposed spot electrode 
array, after coronary bypass surgery. This array was 
compared with the standard Bernstein array and 
combined with both the Kubicek and the 
Sramek~—Bernstein equations. 
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Assessment of stroke volume 


Patients and methods 


We studied 40 patients, all 70 yr or less, undergoing 
coronary bypass surgery. The number of coronary 
bypasses during surgery varied from 1 to 6. Patients 
were excluded if they were haemodynamically 
unstable, showed cardiac arrhythmias or if there 
were variations in the separate thermodilution 
cardiac output measurements of more than 15% of 
the mean. 

The study was approved by the institutional 
Human Ethics Committee and all patients gave 
informed consent. 


IMPEDANCE CARDIOGRAPHY 


All impedance measurements were performed with 
the IPG-104 impedance Mini-Lab (RJL, Systems, 
Detroit, USA and Sanofi Sante, Maassluis, The 
Netherlands). The impedance cardiogram (dZ) and 
its first derivative (dZ/drt) were recorded in each 
patient using two different electrode configurations: 
an eight spot electrode configuration and a nine spot 
electrode configuration (fig. 1). The eight spot elec- 
trode configuration, as proposed originally by 
Bernstein,’ uses four voltage detecting electrodes: 
two on each lateral site in the base of the neck and 
two on each lateral site of the thorax. Another four 
current ejecting electrodes are applied: two 5 cm 
above and two 5 cm below the voltage detecting 
electrodes in the neck and on the thorax, respec- 
tively. According to Sramek, Rose and Miyamots!° 
the recommended distance between the voltage 
measuring electrodes is 17% of a person’s height. In 
order to standardize the distance between the volt- 
age detecting electrodes and exclude any anatomical 
abnormalities of the xiphisternum, this percentage 
was calculated and used as distance in order to place 
the caudal voltage electrodes on the thorax. 

The nine spot electrode configuration (modified 
semi-circular (MSC) array) uses the same voltage 
detecting electrodes as the eight spot configuration. 
However, five current injecting electrodes are 
applied: one placed on the forehead of the patient 
and four in a semi-circular manner low on the 
abdomen: two in the mid-axillary lines and two in 
the mid-clavicular lines, all 15 cm caudal from the 
voltage detecting electrodes on the thorax. This array 
was developed recently in our laboratory. Measure- 
ments using the MSC array were comparable with 
those performed with the original band electrode 
array in a former study by our group.!# 

In each array, electrodes in one horizontal level 
were connected electrically and a sinusoidal current 
at 0.8 mA RMS and 60 kHz was passed between 
the cranial and caudal current injecting electrodes, 
and the resulting voltage was measured between 
the inner pairs. As current strength was known, 
impedance could be calculated. 

Simultaneously with the impedance recordings, 
lead I of the ECG was recorded. All data from the 
impedance cardiograph and the ECG were stored 
digitally and averaged using our data acquisition 
system. From the averaged signal, left ventricular 
ejection time (LVET) was determined manually, as 
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Figure 1 Spot electrode configurations, as used in this study, 
where C = current injecting electrodes and V = voltage 
measuring electrodes. The spot electrodes at one horizontal level 
are always electrically connected. 


described by Lababidi and colleagues!5 and 
maximum impedance change (dZ/dtmax) was 
measured from baseline (zero). 


CALCULATIONS 


For calculation of SV from the impedance cardio- 
gram (SVj-), impedance signals of 20 heart beats 
were averaged according to Kim, Song and Lee!® in 
order to eliminate the effect of respiration.!” In this 
way highly reproducible data can be obtained.!8 

SVic was calculated according to the equation of 
Kubicek and colleagues,” 8 

SV =p X (P/Z,2) X dZ/drmax xX LVET 
where SV = stroke volume (ml), p = resistivity of 
blood (Q cm) calculated from the packed cell 
volume (PCV) according to Geddes and Sadler!’ 
and Hill and Thompson”, 7? (cm) = inner distance 
between the voltage detecting electrodes (as calcu- 
lated previously as 0.17 times a person’s height), Zo 
= baseline thoracic impedance (Q) read directly from 
a digital display on the impedance cardiograph, 
dZ/dtmax = maximum rate of change of impedance 
during systole (Q s7!) and LVET = left ventricular 
ejection time (s). 

In addition to the equation of Kubicek and col- 
leagues, the Sramek—Bernstein equation was also 
used to calculate SV;,?!° 

SV = ø X (P/4.25)/Zy X dZ/dtmax X LVET 
where o = a dimensionless weight correction factor 
according to Bernstein.? Both calculations were per- 
formed for each electrode configuration for each 
patient. 

i: 


THERMODILUTION 


A pulmonary artery catheter (Baxter/Edwards, 
Irvine, USA) was inserted in the perioperative period 
via the right internal jugular vein. Saline 0.9% (10 
mil) with a temperature of 5°C was injected manually 
with a closed injection system. The moment of injec- 
tion of saline was chosen randomly. Stroke volume 
(SV-rp) was calculated automatically using a stroke 
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volume computer (Marquette electronics Inc., 
Milwaukee, WI, USA). This procedure was repeated 
four times; the average of these four measurements 
was taken as SV+p. All separate SV;p measurements 
had to be within 15% of their mean, otherwise 
measurements were rejected and the patient was 
withdrawn from the study. 

All measurements were performed 24-36 h after 
the coronary bypass operation. At the time of 
measurements all patients were breathing sponta- 
neously. The sequence of the electrode configura- 
tions was chosen randomly. 


STATISTICAL ANALYSIS 


Linear regression analysis was performed to describe 
the relation between SVj¢, as calculated by each of 
the equations, and SV-7p for each electrode configu- 
ration. The paired Student’s ż test was used to com- 
pare data from both arrays. The level of statistical 
significance was set at P < 0.05. Bias plots according 
to the principles detailed by Bland and Altman?! 
were also drawn. 

Data were analysed for the whole group and 
separately for the two sexes. 


Results 


After exclusion of three patients because of large 
variations in the four SV-rp values obtained, SV 
measurements of 37 patients were evaluated; 28 men 
(mean weight 81.0 (sp 9.9) kg, 130.0 (1.3) cm, PCV 
30.5 (2.7) Yo, age 59.9 (range 41-72) yr) and nine 
women (weight 71.0 (9.4) kg, 728.1 (0.8) cm, PCV 
28.8 (2.9) %, age 63.3 (45-78) yr). 

There were no significant differences in LVET 
between measurements from both electrode arrays. 
Using the LS array, we found a significantly higher 
Z, compared with the MSC array in both men 
and women (table 1). Only in men was dZ/dimax 
significantly lower with the LS array. 

SVic did not differ significantly from SVyp when 
the LS array was used together with the 
Sramek—Bernstein equation or when the MSC array 
was used in combination with the Kubicek equation 


Table 1 
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Comparison of impedance cardiographic variables 


obtained with the two different electrode configurations. (mean 
(sb)). *Significantly different from the same variable with the LS 








array (P<0.05) 

Variable Sex LS array MSC array 

2 (Q) M 24.3 (3.2) 18.0 (2.4)* 

20) F 30.2 (3.3) 22.1 (2.1)* 

Z0) M+F 25.6 (4.1) 18.9 (2.9)* 

dZ/dimax (Ñ s~?) M 0.71 (0.3) 0.73 (0.3)* 

dZ/damax (Q s~!) F 0.95 (0.3) 0.95 (0.3) 

dZ/dmax (Q s7) M+F 0.77 (0.3) 0.78 (0.3) 

LVET (s) M 0.33 (0.04) 0.33 (0.04) 

LVET (8) F 0.31 (0.03) 0.31 (0.03) 

LVET (s) M+F 0.33 (0.04) 0.33 (0.04) 
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Figure 2 Difference between measurements of stroke volume 
(SV), as determined using thermodilution and Kubicek’s method 
of impedance cardiography together with the MSC electrode 
array, vs mean of the two values; mean difference (—) and 95% 
confidence limits (—) are shown. 


to calculate SV;c (table 2). Other combinations of 
electrode arrays and equations always led to a signif- 
icant difference between the two methods. These 
findings were similar for both men and women. 

The highest correlation coefficients and the best 
agreement between the two methods in the whole 
group were found when the MSC array was used 
together with the Kubicek equation (table 2). In 
figure 2 the bias plot is shown for the relation 
between SVj, and SV-p using Kubicek’s method of 


Table 2 Comparison and correlation coefficients between SV,, and SV,,, values (mean (sD)). K =Kubicek; SB = 
Sramek-—Bernstein; SV,, = stroke volume determined by thermodilution; SV,,= stroke volume determined by 
impedance cardiography; MD (2 sp) = mean difference (2 sp) between SV,, and SV-m, 7, s and r intercept, slope and 
correlation coefficient, respectively, for the correlation between SV,, and SV,,. *Significantly different from SV;p 


(P<0.05) 
Equation Sex SVp (ml) SV (mD 
” Lateral spot electrode array 

K M 65.2 (14.9) 37.4 (12.1)* 
K F 49.2 (11.2) 25.1 (7.8)* 
K M+F 61,3 (15.6) 34.5 (12.3)* 
SB M 65.2 (14.9) 62.4 (18.9) 
SB F 49.2 (14.9) 53.2 (15.7) 
SB M+F 61.3 (15.6) 60.3 (18.5) 

Modified semi-circular spot electrode array 
K M 65.2 (14.9) 67.1 (17.7) 
K F 49.2 (11.2) 47.8 (13.4) 
K M+F 61.3 (15.6) 62.7 (18.6) 
SB M 65.2 (14.9) 84.0 (23.8)* 
SB F 49.2 (11.2) 74.9 (23.0)* 
SB M+F 61.3 (15.6) 81.9 (23.7)* 


MD (2 sp) i s r 
—29.1 (25.1) 4.1 0.5 0.59 
—24.1 (13.8) —2.2 0.6 0.79 
—27.9 (23.1) 0.2 0.5 0.69 
—4.9 (31.8) 10.9 0.8 0.59 
4.0 (14.8) —9.1 1.3 0.90 
—2.7 (29.3) 12.4 0.8 0.64 
0.9 (18.6) ~3.5 11 0.86 
—1.4 (10.8) —6.6 Li 0.92 
0.5 (17.1) —5.0 1.1 0.90 
17.2 (33.9) 4.0 1.2 0.73 
25.7 (28.9) —12.8 1.8 0.86 
19.3 (33.2) 11.8 1.1 0.73 
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impedance cardiography together with the MSC 
electrode configuration. 


Discussion 


In this study we obtained impedance measurements 
with two electrode configurations: the LS array and 
the MSC array. SV; was calculated using the 
Kubicek and Sramek-—Bernstein equations and all 
SVic values were compared with the respective SVrp 
measurements. As mentioned previously it has been 
shown in a recent study by our group!* that 
measurements obtained with the MSC array are 
comparable with those made with the original band 
electrode array. 

Although dZ/dtmax was significantly lower with 
the LS array in men, the main difference between the 
measurements from both arrays was in the determi- 
nation of Z. This difference was the main cause of 
the varying results in the calculation of SVjc. 
Independent of the equation, SV;c was always 
significantly lower with the LS array than with the 
MSC array. The difference in Z) between measure- 
ments from both arrays cannot be considered as a 
trend between both arrays; independent of the equa- 
tion used to calculate SVj¢, the correlation coeffi- 
cients between SVic and SV-+p were considerably 
lower, in general, for the LS array. This finding may 
be explained by the fact that the LS array generates a 
less homogeneous electrical field,!* indicating that 
Zo values between patients were not comparable. 
The MSC array, however, generates a far better 
homogeneous electrical field.!4 

The Kubicek equation showed considerably better 
correlation coefficients and a better agreement 
between SV;~ and SVrp compared with the 
Sramek-Bernstein equation. It is remarkable how 
the Sramek-Bernstein equation appeared to be valid 
only when the LS array was used, and the Kubicek 
equation calculated SV-pp accurately only when the 
MSC array was used. In our opinion, this may be 
caused by the different use of Zọ and ? in both 
equations. 

The best results were found when the Kubicek 
equation was used together with the MSC electrode 
array. However, despite the good correlation coeffi- 
cient between SVjc and SV rp (r = 0.90), the Bland 
and Altman relation revealed that the difference in 
stroke volume between the two techniques could 
approach 17 ml. This indicates an error of up to 25% 
for an actual stroke volume of 70 ml. However, it is 
important to emphasize that this is also a result of the 
inaccuracy of the reference method used in this 
study (thermodilution??). 

Data were analysed separately for both sexes. It is 
known that in women, higher Z, values are found 
together with a relative increase in dZ/dtmax.”?% 
However, the effect of this difference between men 
and women on calculation of SVjc has never been 
evaluated in comparison with thermodilution. 
Although only nine women were enrolled in this 
study, there was no evidence that SVic was 
calculated inaccurately in women. 

We cannot comment on the validity of IC in the 
determination of stroke volume changes, as each 
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point in figure 2 relates to a single individual. 
Further work is needed to determine the validity of 
the impedance cardiographic technique in the 
measurement of stroke volume changes in a single 
patient, for example when their condition deterio- 
rates or improves. Monitoring of stroke volume 
together with its course may be a useful and impor- 
tant application of the impedance cardiographic 
technique in clinical anaesthesia. 

We conclude that the LS array should not be used 
in impedance cardiography. We recommend the 
MSC array together with Kubicek’s equation in the 
use of IC, because with this combination, optimal 
results may be expected. In order to standardize the 
method of IC we propose that this combination 
should be used together with the averaging sample 
technique, according to Kim, Song and Lee,’ in 
order to eliminate the effect of respiration. 
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Lack of specific renal haemodynamic effects of different doses of 
dopamine after infrarenal aortic surgery 


A. R. J. GIRBES, A. G. LIEVERSE, A. J. SMIT, D. J. VAN VELDHUISEN, J. H. ZWAVELING, 


S. MEIJER AND W. D. REITSMA 


Summary 


Dopamine is administered frequently in the 
operating theatre and intensive care unit patients 
undergoing mechanical ventilation with the aim of 
specifically enhancing renal blood flow. In an 
uncontrolled, open study, we administered 
sequentially different doses of dopamine (0, 2, 4, 8 
and 0 pg kg™! min-") during a 1-h period each. 
Systemic haemodynamic and renal haemody- 
namic variables were measured simultaneously 
using a pulmonary artery catheter and radiophar- 
maceuticals, respectively. We studied seven 
haemodynamically stable patients (mean age 66 
yr), with a serum creatinine concentration < 160 
mol litre-', after elective infrarenal abdominal 
aortic reconstruction. All patients received 
extradural analgesia with bupivacaine and sufen- 
tanil, and none had a previous history of heart 
failure. Dopamine induced a dose-dependent 
increase in cardiac index which returned to base- 
line after cessation of the dopamine infusion. 
Glomerular filtration rate (GFR) increased with all 
doses of dopamine, whereas renal blood flow 
(RBF) increased significantly only with the 2- and 4- 
ug kg! min-' doses. However, the ratio RBF/car- 
diac output remained unchanged with the 2- and 4- 
ug kg~! min~1 doses, but decreased with 8 pg kg™' 
min~' from 14 (1.5) % to 10 (1.3) %. We conclude 
that dopamine increased RBF and GFR as a result 
of an increase in cardiac output. (Br. J. Anaesth. 
1996; 77: 753-757) 


Key words 
Pharmacology, dopamine. Kidney, function. Kidney, blood 
flow. Surgery, vascular. Cardiovascular system, effects. 


Dopamine, a naturally occurring catecholamine, 
has a complicated influence on the cardiovascular 
and renal systems. This is because dopamine stim- 
ulates different types of adrenergic receptors: not 
only a- and fB-adrenergic but also specific 
dopamine receptors.' Dopamine can be used for 
various indications ERENS on he given dose. In 
doses of 0.5-3.0 pg kg? > the so-called 

“renal dose”, the predominant a of dopamine 
is a marked increase in renal plasma flow, 
glomerular filtration rate and sodium excretion. 


This is caused mainly by stimulation of dopamine 
receptors. In doses of 3-10 pug kg™! min“), 
dopamine exerts positive inotropic effects, primar- 
ily as a result of B; receptor stimulation. In doses 
exceeding 10 pg kg~! min~!, dopamine induces 
vasoconstriction and positive chronotropism as a 
result of predominant a-adrenergic and B-adrenergic 
effects, respectively. 

Alterations in renal blood flow may contribute to 
the initiation of events which lead to renal failure.? 
In the intensive care unit dopamine is often used in 
doses of up to 4 pg kg™! min™! to increase or pre- 
serve renal blood flow. In clinical practice dopamine 
is given during mechanical ventilation, particularly 
during positive end-expiratory pressure (PEEP) 
ventilation for this purpose. Cardiac output is 
decreased during PEEP,** leading to decreased 
renal blood flow. Furthermore, PEEP decreases the 
release of atrial natriuretic peptide.> The renal 
vasodilating and natriuretic properties of a low-dose 
infusion of dopamine are therefore believed to be 
beneficial. 

In previous studies in healthy subjects and patients 
with congestive heart failure (CHF) we and others 
have demonstrated that renal blood flow and sodium 
excretion are increased by administration of 
dopamine or its analogues.*!° However, there are 
no clinical studies on the renal haemodynamic 
effects of different “low-dose” dopamine infusions 
during mechanical ventilation with PEEP and their 
relation to systemic haemodynamics. As cardiac 
output and venous return are altered significantly 
during mechanical ventilation, it is reasonable to 
argue that renal haemodynamics and the effects of 
low-dose dopamine may be different from results 
obtained in healthy volunteers and patients with 
CHF. 

In our department patients are admitted after 
major vascular surgery where sedation and 
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mechanical ventilation are continued until the 
patient is stable, and tracheal extubation is usually 
performed several hours after admission. Therefore, 
we performed a dose-finding study in these patients 
undergoing mechanical ventilation after operation 
to determine the dose of dopamine with the most 
pronounced renal haemodynamic effects. 


Patients and methods 


We studied seven consecutive postoperative patients 
admitted to the intensive care unit (ICU) who had 
undergone abdominal infrarenal aortic reconstruc- 
tion, fulfilling the following inclusion criteria: stable 
haemodynamic state, defined as no need for 
inotropic drugs or rapid fluid administration and 
lack of active bleeding; normal hepatic function; 
stable ventilatory condition with a Pag/Fip, ratio 
> 25 kPa (Fip, = fractional inspiratory oxygen) with 
8 cm of PEEP and normal airway pressures; and a 
preoperative serum creatinine concentration < 160 
pmol litre”. 

Patients receiving either a- or f-adrenergic 
agonists or antagonists, dopamine agonists or antag- 
onists, monoamine oxidase inhibitors, angiotensin 
converting enzyme inhibitors or diuretics in the 
previous 3 months were excluded. Patients with a 
previous history of congestive heart failure were also 
excluded. All patients had a pulmonary artery 
catheter (Baxter Thermodilution Catheter, Edwards 
Laboratories, Irvine, CA, USA) inserted before 
operation for peroperative monitoring. The position 
was checked in the ICU by a standard chest 
roentgenogram. All patients had an extradural infusion 
of a combination of 0.125% bupivacaine and sufen- 
tanil 1 ug ml~! at a rate of 8 ml h`! for analgesia. 
Additional sedation comprised a continuous infu- 
sion of midazolam during the study. An infusion of 
0.45%-2.5% sodium—glucose was given at a rate of 
3500 ml day~!. Potassium was administered accord- 
ing to serum potassium concentrations. Initially, 
supplements of crystalloids and colloids were given 
in the immediate postoperative phase and (mild) 
hypothermia was corrected. At the moment when no 
inotropic support and no additional rapid fluid infu- 
sion were required, the study was started. All 
patients gave written informed consent and the study 
was approved by the Medical Ethics Committee of 
the University Hospital of Groningen. 

After haemodynamic stability was established and 
patients were normothermic, measurements were 
started after a further equilibration period of 1.5-2 h. 
After 1 h of baseline measurements, an infusion of 
dopamine was started. During the first hour the rate 
of infusion was 2 wg kg™! min~!. In the second and 
third hours this dose was increased to 4 and 8 pg 
kg~! min~!, respectively. During the fourth hour 
the dopamine infusion was decreased gradually over 
10 min, At the end of this hour the study was 
terminated. 


RENAL FUNCTION TESTS 


Glomerular filtration rate (GFR) and effective renal 
plasma flow (ERPF) were measured simultaneously 


British Journal of Anaesthesia 


using !?J-iothalamate and '3!J-hippurate, respec- 
tively, according to the method described by Donker 
and colleagues.'! The radiopharmaceuticals were 
infused at a constant rate after a priming dose had 
been given. After the previously mentioned equili- 
bration period of 1.5-2 h, clearances were deter- 
mined every hour. Filtration fraction (FF) represents 
the ratio GFR/ERPF. Hourly urine samples were 
collected via a bladder catheter. Serum and urinary 
electrolyte concentrations were assayed by routine 
Technicon SMA-C Auto-Analyzer (Technicon, 
Tarrytown, NY, USA). After measurements of 
baseline values during the first hour, hourly 
measurements were performed during the 
subsequent 4 h. 


HAEMODYNAMIC MEASUREMENTS 


Using the pulmonary artery catheter, inserted via the 
jugular vein, cardiac output, pulmonary capillary 
wedge, pulmonary arterial and central venous pres- 
sures were measured every 30 min. Haemodynamic 
measurements and derived variables were deter- 
mined as described previously.!? Arterial pressure 
was measured via a radial arterial cannula. 
Haemodynamic data were measured together with 
renal function tests, thereby allowing simultaneous 
evaluation of the renal and systemic haemodynamic 
effects of dopamine. 


PLASMA NEUROHUMORAL VARIABLES 


Blood samples were obtained for measurement of 
plasma renin activity (PRA) and plasma aldosterone 
concentration (PAC) at the end of each hour during 
the study. PRA and PAC were determined by 
radioimmunoassay. The intra-assay coefficients of 
variation were 5.2% and 8% for PRA and PAC, 
respectively. The inter-assay coefficient of variation 
was 15% for PAC and 10.3% for PRA. Serum cate- 
cholamine concentrations were determined by high 
pressure liquid chromatography (HPLC) with elec- 
trochemical detection, after an extraction proce- 
dure.}3 


STATISTICAL ANALYSIS 


All data are given as mean (SEM), unless other- 
wise stated. Paired statistics were performed 
comparing baseline values with values at specific 
times, which means that every patient served as 
his own control. Paired t tests were used for nor- 
mally distributed data, whereas the Wilcoxon test 
was used for non-normally distributed data. The 
software package SPSS for Windows, version 6.0 
was used on a 486 DX personal computer. For 
non-normally distributed data, medians and 
ranges are given. All values for ERPF and GFR 
were corrected for a body surface of 1.73 m°. 
Renal blood flow (RBF) was calculated as 
(uncorrected ERPF)/(1 — packed cell volume). 
The percentage renal blood flow—cardiac output 
(CO) ratio was calculated as RBF/CO x 100%. 
Differences were considered statistically 
significant at the 5% level. 
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Table 1 Renal and systemic haemodynamics. SVR=Systemic vascular resistance; GFR = glomerular filtration rate; RBF = renal blood 
flow. Systemic haemodynamics were determined every 30 min, whereas renal haemodynamics were determined every 60 min. The first 
value in each panel for a specific time indicates the value halfway between the hour for the systemic haemodynamics. *Significant 

difference compared with baseline; significant difference compared with previous value 


Cardiac Index Heart rate SVR GFR RBF RBF/CO 

(litre min™'m~?) (beat min=!) (dynsem7™5) (ml min7'/1.73 m?) (ml min™!/1.73 mô) ratio (%) 
Baseline 2.77 (0.30) 84 (9.2) 1250 (131) 13,9 (1.6) 

2.77 (0.31) 84 (9.5) 1235 (133) 80 (8.8) 676 (116) 13.9 (1.5) 
tl 2.97 (0.31) 82 (7.2) 1036 (134) 14.3 (1.9) 
(Dopamine 2 ug kg™'min™!) 2.90 (0.28) 84 (7.2) 1131 (167) 94 (12.6)* 737 (118)* 14.1 (1.3) 
12 3.34 (0.31)* 86 (7.2) 1067 (148) 13.8 (1.6) 
(Dopamine 4 ug kg™!min=!) 3.39 (0.22)* 88 (6.4) 984 (99)* 97 (13.2)* 809 (125)* 13.6 (1.6) 
t3 4.24 (0.24)* 97 (6.3)* 944 (130)* 10.4 (1.3)* 
(Dopamine 8 pg kg~!min=!) 4.09 (0.23)* 102 (6.4)* 938 (112)* 101 (12.9)* 768 (107) 10.7 (1.3)* 
t4 2.96 (0.32)* 87 (5.9) 1000 (135) 12.5 (0.9) 
(Dopamine 0 pg kg™'!min@!) 2.93 (0.31)* 86 (5.9) 980 (120) 88 (9.9)*F 658 (105) 12.7 (1.1) 


Results 


We studied six males and one female, mean age 66 
(range 46-77) yr. All underwent uncomplicated 
infrarenal abdominal aortic reconstruction. 


EFFECTS ON SYSTEMIC AND RENAL 
HAEMODYNAMICS (TABLE 1) 


A dose-dependent increase in cardiac index was 
observed, from 2.77 (0.30) litre min`! m~? at base- 
line to a maximum of 4.24 (0.24) litre min”? m~? 
with dopamine 8 ug kg"! min™!. After cessation of 
administration of dopamine, cardiac index returned 
to values comparable with baseline: 2.93 (0.31) litre 
min”! m-?, There were no significant increases in 
heart rate except with a dose of 8 pg kg™! min7!. 
Filling pressures (mean PACWP and CVP approxi- 
mately 12 (1.2) and 8 (0.7) mm Hg, respectively), 
mean arterial pressure (approximately 90 (8) mm 
Hg) and pulmonary pressures (approximately 25 (2) 
mm Hg) remained unchanged during the study. 
Systemic and pulmonary vascular resistance 


Table 2 Effects of different doses of dopamine on renal 
function. *Significant difference compared with corresponding 
baseline values 


Urine volume Nat excretion FeNa* 


decreased during infusion of the higher doses of 
dopamine and returned to values similar to baseline 
after dopamine was stopped. 

GER increased for all doses of dopamine, from 80 
(8.8) mi~! min`! per 1.73 m? to a maximum of 101 
(12.9) ml~! min! per 1.73 m?. RBF increased from 
a mean of 676 (116) ml~! min™! per 1.73 m? to a 
maximum of 809 (125) ml“! min”! per 1.73 m? with 
the 4-g kg™! min™! dose (table 1). Filtration frac- 
tion varied non-significantly during the study from 
0.19 (0.01) to 0.21 (0.01). However, there was a 
decrease in the contribution of cardiac output to 
RBF with the 8-ug kg"! min™! dose (from 14 (1.5) % 
to 10 (1.3) %). 


RENAL EFFECTS (TABLE 2) 


Hourly urine volume increased from 115 (24) mi h`! 
at baseline to 336 (56) ml h`? with dopamine 8 ug 
kg~! min™!, Sodium concentration and fractional 
sodium excretion increased in a dose-dependent 
manner from 11.9 (3.7) mmol h™! and 0.09 (0.03) % 
to 36.0 (7.5) mmol h~! and 0.24 (0.05) %, respec- 
tively. All returned to values comparable with base- 
line at the end of the study when dopamine was 
stopped. 


NEUROHORMONES AND CATECHOLAMINES (TABLE 3) 
There were no significant changes in PRA during the 


(al bh) (mmol bo!) (%) study. Plasma concentrations of aldosterone were 
Baseline 115 (24) 11.9 (3.7) 0.09 (0.03) reduced significantly by dopamine 8 pg kg™! min“. 
tl (2 pg kg-'min™!) 164 (50) 17.6 (7.4)* 0.12 (0.06) Median plasma concentrations of noradrenaline 
t2 (4 pg kg`'min™!) 260 (54)* 27.9 (8.0)* 0.2 (0.06)* were increased significantly by dopamine infusion. 
13 (8 pg kg min”) 336 (56)* 36.0 (7.5)*_ 0.24 (0.05)* After stopping dopamine, plasma concentrations of 
t4 (0 pg kg ™'min™!) 140 (33)ł 15.7 (4.8) 0.11 (0.03) 


noradrenaline returned to values comparable with 


Table 3 Neurohormones during the study period. Values are mean (SD) or median (range) for non-normally 
distributed data. Baseline 1 values were determined immediately before start of the study and baseline 2 values were 
determined at the end of the baseline period. *Significant difference compared with baseline values 


PRA Aldosterone Noradrenaline Adrenaline 

(nmol litre~'h7!) (nmol litre7?) (nmol litre~!) (nmol litre!) 
Baseline 1 3.08 (0.75-8.79) 0.82 (0.010—3.58) 
Baseline 2 1.26 (0.31) 0.38 (0.11) 3.48 (0.25~-10.0) 0.49 (0.010-2.35) 
tl (2 pg kg min~!) 1.19 (0.31) 0.27 (0.07) 4.46 (0,74-14.2)* 0.20 (0.010-7.66) 
t2 (4 pg kg 'min7!) 1.09 (0.33) 0.19 (0.04) 9.96 (1.44-29.5)* 0.40 (0.10-9.55) 
13 (8 ug kg min“}) 0.90 (0.28) 0.13 (0.02)* 19.66 (2.96-51.4)* 0.33 (0.05-8.57) 
t4 (0 pg ke min-)) 0.93 (0.24) 0.24 (0.06) 4.95 (1.07-33.1) 0.47 (0.010-1.96) 
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baseline. Dopamine concentrations increased from a 
median baseline value of 7.5 (range 2.0-11.3) nmol 
litre7! to 413 (28.0-1840) nmol litre~!. After stop- 
ping the infusion of dopamine, plasma concentra- 
tions of dopamine decreased to 11.9 (7.6-326) nmol 
litre~!. 


Discussion 


We found that although dopamine increased GFR 
and RBF at different doses, no specific enhancement 
of renal flow was present. The increase in RBF was 
caused mainly by an increase in cardiac output. With 
dopamine 8 pg kg™! min™!, the fraction of cardiac 
output directed to the kidney was even decreased. 
Furthermore, dopamine acted as a diuretic in a 
dose-dependent manner, with an increase in diuresis 
and (fractional) sodium excretion. The decrease 
in plasma concentration of aldosterone, which 
may also have contributed to the natriuretic effect 
of dopamine, was related probably to dopamine 
DA, receptor stimulation of the adrenal zona 
glomerulosa.'4!5 

Dopamine is frequently administered in the ICU 
to patients undergoing mechanical ventilation to 
improve GFR and RBF. An improvement in mainly 
RBF has been shown in many studies investigating 
healthy volunteers or non-mechanically ventilated 
patients with congestive heart failure.©8!618 
However, few data exist indicating an increase in 
renal perfusion in patients undergoing mechanical 
ventilation. Mostly, only estimates of renal function, 
such as creatinine clearance and diuresis are 
measured.!92° Additionally, in most studies the B- 
agonist activity of dopamine is insufficiently 
regarded, as cardiac output is not measured 
simultaneously. 

Despite the frequently used terminology “renal 
dose” of dopamine, indicating a dose of dopamine 
with preferential effects on renal haemodynamics, 
our study showed that such a renal-selective dose did 
not exist. Furthermore, different doses of dopamine 
have been investigated in different studies. To our 
knowledge this is the first study examining different 
doses of dopamine in patients undergoing mechani- 
cal ventilation. However, all of our patients received 
thoracic extradural analgesia with bupivacaine and 
sufentanil. The resulting sympathetic block may 
interfere with the distribution of flow and therefore 
the RBF/CO ratio. Vascular DA, receptor stimula- 
tion results in predominant post-glomerular vasodi- 
latation by direct vasodilatation of the efferent 
arterioles.’ !8 Because of this mechanism, a preferen- 
tial increase in RBF has been observed in heart 
failure patients and in healthy subjects.°°!® The 
results in our patients suggest that the renal vasodilat- 
ing effects were outweighed by the systemic effects 
and were not caused by absent or decreased sympa- 
thetic innervation of the kidney, as in kidney trans- 
plant recipients a specific renal vasodilating effect of 
dopamine 2 wg kg~! min! is still present (assuming 
the absence of sympathetic innervation in trans- 
planted kidneys).2! However, the filtration fraction 
in our patients was lower than that reported in 
healthy volunteers and (especially) heart failure 
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patients,*!° which makes a further decrease in 
filtration fraction as an indication of specific renal 
vasodilatation more difficult to achieve. 

If an increase in RBF and GFR is considered the 
goal of treatment, our data indicate that 4 wg kg7! 
min“! is the optimal dose of those studied. However, 
this is no reason to give dopamine and should not be 
considered as the “renal dose”. 

Dopamine increases stroke volume and cardiac 
output in a dose-dependent manner, with a maximal 
increase with the highest dose (8 pg kg™! min7!). 
Heart rate increased only with the highest dose of 
dopamine (8 pg kg~! min~!). The positive inotropic 
effect of dopamine is caused not only by its direct B,- 
agonist activity, but also by inhibition of uptake-1.?2 
Uptake-1 inhibition of dopamine may be involved in 
the increase in plasma concentrations of noradren- 
aline. Furthermore, as dopamine is a precursor of 
noradrenaline, stimulation of endogenous noradren- 
aline formation cannot be excluded. Additionally, 
dopamine may enhance release of noradrenaline via 
B2-receptor stimulation. We found no effects on 
plasma renin activity or adrenaline. Although DA, 
receptor stimulation can increase PRA,’ evidence 
exists that balanced DA, and DA, receptor stimula- 
tion does not alter PRA.!9° The most important stim- 
ulus for an increase in adrenaline concentration is 
hypoglycaemia and some evidence suggests that 
stimulation of adrenal DA, receptors, present on 
chromaffin cells, induces inhibition of adrenaline 
release.23 This may explain why no increase in 
plasma concentrations of adrenaline was observed. 

The reduction in systemic and pulmonary vascu- 
lar resistance was an unexpected finding in our 
study. Several mechanisms may be involved; first, all 
patients received thoracic extradural analgesia, 
which causes sympathetic block. The influence of 
dopamine on ganglionic receptors is therefore modi- 
fied. Second, DA, receptor-mediated effects, caus- 
ing vasodilatation, may be involved and override 
direct a,-receptor-mediated vasoconstrictive effects, 
even at this dose. Rajfer and colleagues* observed a 
decrease in vascular resistance with increasing 
plasma dopamine concentrations, with administra- 
tion of levodopa, a dopamine prodrug. Lundberg 
and colleagues also observed a decrease in systemic 
vascular resistance during infusion of dopamine.?5 

Although our study was uncontrolled, recovery of 
all variables to (almost) baseline values after stop- 
ping dopamine infusion indicated a drug-related and 
not time-related effect. Our study further empha- 
sizes the different effects of dopaminergic drugs in 
different categories of patients, as we and others 
have shown previously. ! 2627 
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LABORATORY INVESTIGATIONS 


Antinociception by intrathecal midazolam involves endogenous 
neurotransmitters acting at spinal cord delta opioid receptors 


C. S. GOODCHILD, Z. GUO, A. MUSGREAVE AND J. P. GENT 


Summary 


Intrathecal midazolam causes antinociception 
by combining with spinal cord benzodiazepine 
receptors. This effect is reversible with doses of 
naloxone, suggesting involvement of spinal x or 8 
but not p opioid receptors. The antinociceptive 
effects of intrathecally administered drugs in the 
spinal cord were demonstrated by measurements 
of the electrical current threshold for avoidance 
behaviour in rats with chronically implanted 
lumbar intrathecal catheters. A comparison was 
made of suppression by two opioid selective 
antagonists (nor-binaltorphimine (x selective) and 
naltrindole (8 selective)) of spinal antinociception 
caused by equipotent doses of opioids selective for 
different receptor subtypes (U-50488H (x), DSLET 
and DSBULET (8), fentanyl (u)) and the benzo- 
diazepine midazolam. Nor-binaltorphimine selec- 
tively suppressed the effects of U-50488H but not 
midazolam or fentanyl. However, the 8 selective 
antagonist, naltrindole, caused dose-related sup- 
pression of antinociception produced by both 8 
opioid agonists and midazolam with the same ED,o 
(0.5 nmol). We conclude that intrathecal midazo- 
lam caused spinally mediated antinociception in 
rats by a mechanism involving 8 opioid receptor 
activation. (Br. J. Anaesth. 1996; 77: 758-763) 
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Pain, experimental. Analgesic techniques, regional, intra- 
thecal. Analgesics opioid. Receptors, opioid. Hypnotics 
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Intrathecal injection of midazolam has been shown 
to produce analgesia in humans? and antinocicep- 
tive effects in rats.34 This effect in rats is caused by 
an action on GABA, receptors in the spinal cord and 
may also be produced by the archetypal benzodi- 
azepine, chlordiazepoxide.>’ It has also been shown 
that the antinociceptive effects of intrathecal mida- 
zolam may be suppressed by the opioid antagonist 
naloxone and this effect was dose-dependent.?® 
Doses that blocked the midazolam effects were simi- 
lar to those needed to suppress the effects of the k 
opioid agonist ketocyclazocine and significantly 
greater than those needed to block the effects of the 
pœ selective opioid agonist, fentanyl.°® The results 
from those experiments implied that intrathecal 


midazolam, after combining with GABAg receptors, 
caused the release of endogenous opioids that acted 
at a K or § but not a p opioid receptor. 

The aim of this study was to investigate the 
possible role of both of these opioid receptors in the 
production of spinally mediated antinociception by 
midazolam. This was achieved by observing the 
effects on spinal antinociception of different 
receptor-selective antagonists. 


Materials and methods 


These experiments were carried out with the permis- 
sion of the Licensing Authorities of Great Britain 
under Home Office Licence No. PPL/50/001310 
and in all cases the authors adhered to the 
Guidelines for Investigation of Pain in Experimental 
Animals.’ 


INTRATHECAL CANNULATION 


Rats (150-200 g) were anaesthetized with halothane 
in oxygen-enriched air (Fip,=0.5) and Portex 
catheters (id 0.28 mm, od 0.61 mm) were implanted 
under aseptic surgical conditions into the lumbar 
subarachnoid space to lie next to the most caudal 
segments of the spinal cord, as described previ- 
ously.!° A minimum period of 18 h elapsed between 
catheter implantation and nociceptive testing. One 
experiment was performed on each animal per day 
up to a permitted maximum of six experiments. 


NOCICEPTIVE TESTS 


The electrical current threshold for nociception 
(ECT) was measured in the skin of the neck and tail 
every 5 min, as described previously.!° The stan- 
dardized response (r) was calculated by dividing the 
three ECT readings obtained 5, 10 and 15 min after 
intrathecal injection by the three pre-injection read- 
ings. In some experiments the tail flick latency 
(TFL) test was also used. In those experiments TFL 
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was always measured 10-15 s before the ECT test 
was performed, as described previously.!° The 
response to the intrathecal drugs was then calculated: 


mean TFL post-drug—mean TFL pre-drug 


%MPE= 
AMPE cut-off time—mean TFL pre-drug 


100 


AGONIST DOSE-RESPONSE STUDIES 


Dose-response relationships for a k (U-50488H, 
Upjohn Ltd) and two ô (DSLET, RBI; DSBULET) 
opioid agonists were investigated. This was done in 
order to define doses of each agonist which produced 
just maximal, spinally mediated antinociceptive 
effects (maximum increase in the tail threshold with 
no increases in the neck threshold) and which were 
approximately equipotent with midazolam 46 nmol 
and fentanyl 0.74 nmol. These doses have been 
demonstrated previously to be equipotent and 
produce maximal spinally mediated antinociceptive 
effects. !° 

The responses (r values calculated as above) were 
combined for each dose of each agonist to calculate 
mean (SEM). Dose-response curves were plotted for 
each agonist and the dose of each agonist which pro- 
duced a maximal increase in tail ECT with no 
change in the neck threshold was calculated. 

In addition, the time course of the antinociceptive 
effect was examined for DSLET; electrical current 
thresholds in four animals who received intrathecal 
DSLET 9.1 nmol were measured for 40 min after 
intrathecal injection of drug. The nociceptive 
thresholds for each test were combined for each 
testing time between animals and plotted on a 
time~—response curve. 


EXPERIMENTS USING NOR-BINALTORPHIMINE 


In this group of experiments each rat received 
intrathecal injection of an equipotent dose of agonist 
(U-50488H 210 nmol, midazolam 46 nmol or 
fentanyl 0.74 nmol) given alone at the beginning and 
again at the end of the series of experiments. 
Nociceptive thresholds were measured as above. 
These control responses obtained in the absence of 
any antagonist were pooled for each drug to derive a 
mean control agonist response to agonist alone (R). 
In addition, the pre- and post-series control 
responses for each agonist were compared statisti- 
cally (Mann-Whitney U test) to test for drug 
tolerance or cumulative effects of antagonist. In the 
experiments intervening between the two control 
agonist responses, a range of doses of nor- 
binaltorphimine (0.0012-1.24 pmol), dissolved in 
saline, was injected, mixed with agonist, in the same 
intrathecal injection. 

The responses to nor-binaltorphimine in sup- 
pressing the effects of all of these agonists were cal- 
culated as percentage suppression of control agonist 
response from the expression: 


x R- 
Ysuppression= pa x100 


where R=mean control agonist response in the 
absence of antagonist and r=response to agonist in 
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the presence of a particular dose of antagonist. The 
values obtained for each antagonist dose were 
combined to produce a mean (SEM) and plotted as 
antagonist dose-response curves. 


EXPERIMENTS WITH NALTRINDOLE 


In these experiments naltrindole 0.0011—11.1 nmol 
was given intrathecally dissolved in 5% glucose in 
a volume of 5 ul mixed with the agonists, and 
nociceptive thresholds were measured as above. The 
agonists used were fentanyl 0.74 nmol, U-50488H 
210 nmol, DSLET 9.1 nmol, DSBULET 4 nmol 
and midazolam 46 nmol. 


CONTROLS 


Five rats with intrathecal catheters were given, on 
separate occasions, intrathecal naltrindole alone 
(11.1 nmol) and nor-binaltorphimine (1.24 pmol), 
The effects of these were assessed with both tests 
(ECT and TFL). These were the highest doses of 
antagonists used. 

Baseline (pre-drug injection) values for tail noci- 
ceptive thresholds were compared with those 
obtained for the same animal on previous occasions 
in order to exclude changes induced by progressive 
neurological damage or residual drug effects. We did 
not perform control experiments for intrathecal 
saline alone (the vehicle for some drugs) as we have 
reported previously that this had no effect on noci- 
ceptive thresholds.? We did however perform control 
experiments in four animals who received 5 pl of 
intrathecal injections of 6% glucose solution which 
was the vehicle used for other drugs reported in this 
study. 


STATISTICAL ANALYSIS 


All data are shown as mean (SEM). Statistical com- 
parisons were made using Mann-Whitney U tests. 
P0.05 was considered statistically significant. 


Results 


Evidence that the catheter was intrathecal (a positive 
lignocaine test) was obtained in all rats after all 
experiments. We compared the baseline ECT values 
in the tail for each animal at the beginning of each 
experiment and there was no change in thresholds 
over the course of the series which would have sug- 
gested neurological damage or residual drug effects. 
Also, there was no evidence of tolerance to drug 
effects from comparison of the responses to the same 
agonists obtained at the beginning and end of the 
series of experiments with each of the antagonists. 


Table 1 Equipotent doses of U-50488H, DSLET and 
DSBULET derived from their dose-response relationships 


Dose ECT (tail) No. of 
Drug (nmol) (mean (SEM)) experiments 
U-50488H 210 1.55 (0.26) li 
DSLET 9.1 1.97 (0.23) 6 
DSBULET 3.37 1.91 (0.28) 6 
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Figure 1 Dose-response curves for intrathecal U50488H (a), 
DSLET (B) and DSBULET (c) for neck and tail electrical 
current threshold (ECT) values and tail flick latency (TFL) 
(mean, SEM of 22 experiments in 13 rats (A), 31 experiments in 
six rats (B) and 30 experiments in six rats (C)). 


AGONIST DOSE-RESPONSE STUDIES 


All three opioids produced dose-dependent spinally 
mediated antinociception that was present and had a 
peak effect within 5 min (fig. 1). The doses of the 
three agonists, shown by these dose-response studies 
to produce just maximal segmental antinociceptive 
effects (increase in tail thresholds with no change in 
neck thresholds), are shown in table 1. 

The antinociceptive effects assessed with the ECT 
for the ô and « opioid agonists did not differ signifi- 
cantly from each other or from those obtained in the 
experiments with antagonists of midazolam (46 
nmol; 1.81 (0.1) ECT tail) and fentanyl (0.74 nmol; 
1.91 (0.07) ECT tail) (Mann-Whitney JU test; 
P>0.1). TFL was also measured in the experiments 
with DSLET. These measurements were performed 
only for doses of intrathecal DSLET of 0.728, 6.19 
and 18.2 nmol. DSLET caused a dose-related 
increase in TFL. 

Time-—response curves were constructed from four 
experiments in four animals in the group that received 
DSLET and in six rats that received intrathecal 
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Figure 2. Time-—response relationships for electrical current 
threshold (ECT) measurements after intrathecal DSLET 9.1 
nmol (n=4 rats) (A) and DSBULET 3.37 nmol (1=6 rats) (B) 
(mean, SEM). Arrows indicate the time of intrathecal injection of 
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Figure 3 Nor-binaltorphimine dose-response curves for 
suppression of ECT antinociceptive effects of intrathecal 
midazolam 46 nmol (19 experiments, five rats) (A), fentanyl 
0.74 nmol (18 experiments, three rats) (O) and U-50488H 210 
nmol (22 experiments, five rats) (@). 


DSBULET (fig. 2). Intrathecal DSLET 9.1 nmol 
produced an increase in the ECT in the tail with no 
change in the neck and this change occurred at 5 min 
and persisted for 20 min after injection and regressed 
towards control values during the following 20 min. 
Intrathecal DSBULET 3.37 nmol caused a sharp 
increase in the ECT in the tail with no change in the 
neck thresholds and this change in the tail was also 
stable for 15 min after injection. 


EXPERIMENTS WITH NOR-BINALTORPHIMINE 


Nor-binaltorphimine dose-response curves for sup- 
pression of the antinociceptive effects of U-50488H, 
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' Figure 4 Naltrindole dose-response curves for suppression of 
ECT antinociceptive effects of intrathecal midazolam 46 nmol 
(16 experiments, eight rats) (A), DSLET 9.1 nmol 
(24 experiments, eight rats) (Ml), DSBULET 4 nmol 
(16 experiments, four rats) (V), fentanyl 0.74 nmol 
(eight experiments, eight rats) (O) and U-50488H 210 nmol 
(eight experiments, eight rats) (@). TFL measurements were 
also made in DSLET experiments but these are not shown for 
clarity because the naltrindole dose-response curve for 
suppressing this effect of DSLET is coincident with the curves 
for midazolam and the ECT effects of DSLET. 


midazolam and fentanyl are shown in figure 3. The 
selective k opioid antagonist suppressed only the anti- 
nociceptive effects of the x opioid agonist U-50488H. 
There was 70% suppression of the effects of 
fentanyl and midazolam at the highest dose of nor- 
binaltorphimine (i.e. 1.24 pmol); 5% of this dose 
(0.062 pmol) caused 100% suppression of the effects 
of U-50488H. Mean control responses before and 
after the experimental series to agonist alone were, 
respectively: U-50488H 1.62 and 1.57; midazolam 
2.3 and 2.64; and fentanyl 2.14 and 2.08. There 
were no significant differences between the pre- and 
post-series controls for each drug (Mann-Whitney U 
test) indicating that no tolerance or cumulative drug 
effects had occurred. 


EXPERIMENTS WITH NALTRINDOLE 


Figure 4 shows naltrindole dose-response curves 
for suppression of the antinociceptive effects of all 
agonists tested. Naltrindole, a selective 8 opioid 
antagonist, had no effect on fentanyl or U-50488H 
spinal antinociception at a dose of 11.1 nmol. In 
contrast, this dose of naltrindole produced highly 
significant suppression of spinally mediated 
antinociception caused by DSLET and DSBULET, 
the 6 opioid agonists, and also midazolam. TFL 
results for DSLET are not shown in figure 4 in the 
interest of clarity. However, naltrindole 0.011 and 
11.1 nmol caused 41.3 (19) % and 90.26 (10.6) % 
suppression of the TFL increases caused by intra- 
thecal DSLET 9.1 nmol, the same dose-response 
relationship as that for suppression of the ECT 
effects of intrathecal midazolam and DSBULET. 
The dose-response curves for naltrindole antago- 
nism of both 8 opioid agonists and midazolam were 
coincident. The EDs, for this effect, that is the theo- 
retical dose which would cause 50% suppression of 
spinally mediated antinociception, was the same for 
all three drugs (approximately naltrindole 0.5 nmol). 
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CONTROLS 


ECT values in the tail were not changed in the four 
animals which received 5-11 injections of 6% glucose 
alone, indicating that this vehicle had no effect on 
nociceptive thresholds. 

The pre and post-series control responses to 
agonist alone were: DSLET 1.97 (0.23) and 1.9 
(0.18) ECT, 64.3 (13.3) and 74.7 (14.6) TFL; 
DSBULET 2.09 (0.07) and 2.09 (0.29) ECT. 

Mean control responses to fentanyl and 
midazolam given alone were, respectively, 1.91 
(0.07) and 1.8 (0.1). There were no significant dif- 
ferences between pre- and post-series control values 


- for each ô opioid agonist given alone and there were 


no significant differences between control agonist 
responses, that is they were equipotent in causing 
spinally mediated antinociception and there was no 
evidence of tolerance to these agonists in this series 
of experiments. 


Discussion 


In the experiments reported here, we used two 
important principles to study the receptors respons- 
ible for spinally mediated antinociception caused by 
intrathecally administered agonists. First, in every 
experiment used for this analysis nociceptive thres- 
holds in the tail increased after drug administration, 
with no change in neck thresholds. If drug is injected 
too rapidly intrathecally or at too large a volume, we 
have found previously that neck thresholds increase 
also. Second, traditionally, one analyses receptor 
subtypes using the technique described by 
Arunlakshana and Schild!! to calculate the pA, 
value. In our experimental preparation the con- 
centrations of agonist and antagonist are unknown 
and the system does not reach steady state, a 
requirement for pA, calculations. 

Therefore, the technique of antagonist 
dose-response curve analysis was used in this as in 
previous studies.3>7!2 This technique has since 
been verified by Mackay.!3!4 An antagonist 
dose-response curve describes the inter-relationship 
between the antagonist and a native receptor if this 
receptor causes a physiological effect by binding with 
exogenous drug or endogenous neurotransmitter. 
Thus the same antagonist dose-response curve with 
the same ED.g, is obtained with a particular antago- 
nist, suppressing the effects of two different drugs, 
whether they bind to the same receptor, or if one or 
both causes the release (directly or indirectly) of an 
endogenous agonist which then binds to the same 
receptor as the antagonist to produce the effect. 

Previous experiments with naloxone indicated 
that intrathecal midazolam activated a spinal opioid 
system.°® Benzodiazepine antinociception is prob- 
ably not a u opioid effect as fentanyl spinal antinoci- 
ceptive effects were more sensitive to suppression by 


‘naloxone than those of either ketocyclazocine (the 


archetypal « opioid agonist) or midazolam>* and 
naloxone has been shown to display some selectivity 
for the u receptor.!> Although ketocyclazocine is the 
archetypal x opioid it is not very selective. However, 
other studies indicated that a k opioid ligand with 
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higher selectivity for the x opioid receptor than keto- 
cyclazocine, ICI 197067, had a similar EDs, for 
naloxone suppression of its spinally mediated 
antinociceptive effects.!® Although naloxone is more 
selective for the p opioid receptor, the degree of 
selectivity is not high and it does not discriminate 
between 6 and x opioid sites. Clearly further experi- 
ments with more selective antagonists are needed. 
This study demonstrated a very high degree of selec- 
tivity for nor-binaltorphimine for antagonism of the 
effects of the k opioid agonist U-50488H compared 
with the p opioid agonist fentanyl. Spinal antinoci- 
ception produced by midazolam was not suppressed 
by the doses of nor-binaltorphimine which were 
selective for the p opioid receptor, although some 
suppression was produced by the higher, non- 
selective doses of nor-binaltorphimine which also 
suppressed fentanyl antinociceptive effects. 

Naltrindole showed a high degree of selectivity for 
the 8 opioid receptor. Suppression of spinal antinoci- 
ception caused by the ô selective opioid agonists, 
DSLET and DSBULET, occurred over a range of 
doses of naltrindole which were three’ or four orders 
of magnitude less than those which caused small 
amounts of suppression of responses to fentanyl and 
U-50488H. The naltrindole dose-response curve for 
suppression of antinociception produced by midazo- 
lam was to the left of the curves for the x and u 
opioids and it is coincident with all the curves for 
suppression of the effects of the selective 8 opioid 
agonists. It may be concluded that intrathecal mida- 
zolam produces antinociception by activating a 
system which involves § opioid receptors. Further- 
more, this system is confined to the spinal cord 
because all experiments in this study demonstrated a 
differential effect on tail thresholds, that is tail thres- 
holds increased, with no change in ECT occurring in 
the neck and thus all drug effects and interactions 
between agonist and antagonist must have occurred 
at the spinal cord level. It is clear that the initial step 
in this process is combination of the drug with a 
typical GABA,/BZ receptor complex as both 
bicuculline, a GABA, antagonist, and flumazenil, a 
benzodiazepine receptor antagonist, suppressed 
midazolam spinally mediated antinociception in a 
dose-related manner.°® However, flumazenil and 
bicuculline did not block the spinal analgesic effect 
of w, x or ô opioid agonists.!7!8 Therefore, the 
results indicate that intrathecal midazolam positively 
modulates the effect of GABA at GABA; receptors 
and the effect of this is to cause the release of an 
endogenous opioid acting at ò opioid receptors. It is 
not known if these GABA,/BZ receptors are pre- or 
postsynaptic and on what neuronal elements in the 
spinal cord they are located. However, the effect of 
positive modulation of GABA at these receptors is to 
increase chloride flux into the neurone, thus inhibit- 
ing its firing. Thus the effect would be to decrease 
neurotransmitter release from a presynaptic terminal 
or postsynaptic cell. We must therefore conclude 
that the pre- or postsynaptic effect leads to decreased 
release of an inhibitory neurotransmitter that 
normally inhibits the neuronal release of an opioid 
acting at ô opioid receptors. 

It has been shown previously that intrathecal 
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midazolam 46 nmol increases ECT values without 
affecting TFL.!° There have been reports of TFL 
increases and mixed antinociceptive and hyper- 
algesic effects after administration of midazolam. !° 
However, studies using the preparation that we used 
in which tail and neck ECT values were measured 
have consistently demonstrated increases in tail 
ECT with no change in TFL or neck ECT in the 
same experiments.!° The possibility exists in other 
studies for spread of drug to the brain and that these 
supraspinal actions lead to mixed effects and TFL 
increases. 

The dose of midazolam (46 nmol) used in these 
studies produced spinally mediated antinociception 
measured by the ECT test and was equipotent with 
doses of fentanyl and DSLET. However, the ò 
opioid agonist also caused an increase in TFL and 
increases in ECT values. This TFL effect must be 
mediated by a spinal cord mechanism as increases in 
TFL occurred after intrathecal DSLET at doses 
which caused increases in ECT in the tail without 
any change in the neck thresholds. We conclude that 
these two antinociceptive effects of the 8 opioid are 
mediated by separate spinal cord mechanisms. The 
first (revealed by the ECT test) may be activated by 
intrathecal benzodiazepine causing the release of an 
endogenous 8 opioid. The second (revealed by the 
TEL test) may be activated by exogenous 5 opioids 
or endogenous opioid peptides selective for è opioid 
receptors but not those released by midazolam. 

These results provide further evidence that intra- 
thecal midazolam produces antinociceptive effects 
by interactions with spinal systems. There may be 
useful potentiation of antinociceptive and analgesic 
effects to be gained by concurrent therapy with a p 
selective opioid and midazolam. This suggestion, 
based on the results presented here, is supported by 
other studies in rats.* These authors reported poten- 
tiation of submaximal doses of intrathecal morphine 
by intrathecal injections of midazolam in the tail flick 
test. This additive effect is interesting because mida- 
zolam alone does not increase TFL, concurring with 
observations reported previously.!° The mechanism 
of this interaction is unknown but the results 
reported here showed intervening steps involving the 
release of endogenous neurotransmitter substances. 
These may be the source of that interaction and 
potentiation, although more work needs to be 
performed to verify this suggestion. 
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A model of the first pass passage of drugs from i.v. injection site to the 
heart—parameter estimates for lignocaine in the sheep 


R. N. UPTON 





Summary 


A general model, based on indicator dilution 
principles, of the initial distribution and effects of 
drugs in a target organ after i.v. bolus administra- 
tion is presented. The model was validated from 
previous studies of myocardial pharmacokinetics 
and pharmacodynamics of lignocaine in sheep. It 
is proposed that i.v. drug injection produces a con- 
centration “peak” of drug in venous blood, which 
is attenuated by vascular mixing, and lung and 
heart kinetics, as the drug is transported from the 
injection site to the heart where it exerts its effects. 
The model predicted that the first passage of this 
peak through the heart was the principal compo- 
nent of myocardial concentrations of lignocaine for 
10 min after injection before recirculation became 
important. Injection rate, cardiac output and 
myocardial blood flow were important determi- 
nants of the magnitude of the first pass peak. The 
model provides a physiological framework for 
analysing the initial distribution of drugs. (Br. J. 
Anaesth. 1996; 77: 764-772) 


Key words 
Pharmacokinetics, models. Liver, metabolism. Anaesthetics 
local, lignocaine. Sheep. 


Drugs that have direct effects on the heart (such as 
i.v. anaesthetics, anti-arrhythmics, analgesics and 
sedatives) are often administered as an i.v. bolus in 
anaesthesia and critical care medicine. After this type 
of administration, the time courses of both therapeu- 
tic and adverse effects change rapidly in the first 10 
min after injection.!? As a generalization, clinical 
practice has empirically evolved dose regimens that 
minimize adverse effects by matching the dose and 
rate of injection of a drug to the pathophysiological 
state of the patient, but the physiological basis of the 
dose regimens is often poorly understood.! While 
studies of the pharmacokinetics of these drugs in sys- 
temic blood provide some insight, evidence is accu- 
mulating that the time course of many of the direct 
myocardial effects in the period immediately after 
bolus administration are related closely to the time 
course of their concentration in the heart.’ 4 

It has been increasingly recognized that the con- 
ventional one-, two- or three-compartment interpre- 
tation of bolus kinetics (for example, see Gibaldi and 


Perrier? and Wood) is not well suited to the descrip- 
tion of the initial kinetics of drugs administered as 
i.v. boluses.’® Limitations include poor description 
of vascular mixing,’ poor description of lung kinet- 
ics’!9 and in the case of cardioactive drugs, poor 
description of the time course of myocardial drug 
concentrations, and their determinants, in the period 
immediately after a drug bolus.) H! 

The origin of many of these limitations may be 
traced to the assumption that drug is added instantly 
to an initial distribution volume with little or no 
anatomical basis. Although the concept of an initial 
distribution volume is widespread in the literature, in 
reality, a bolus dose of a drug is added to a stream of 
flowing blood, which mixes with other blood in the 
venous “tree”, passes through the lungs and enters 
the organs of the body, including the heart, where it 
exerts its effects. The aim of this article is to develop 
a physiologically realistic model of this process based 
on indicator dilution principles, and to examine the 
predicted determinants of initial myocardial drug 
concentrations and effects after bolus administra- 
tion. The validity of each component of the model is 
examined by comparison with a detailed set of 
physiological data from previously published 
experiments on myocardial pharmacokinetics and 
pharmacodynamics of lignocaine using a chronically 
instrumented sheep preparation. 


AN “INDICATOR DILUTION” INTERPRETATION OF 
BOLUS KINETICS 


The conventional compartmental approach to bolus 
kinetics recognizes that there is an initial period of 
“intravascular mixing” of drug with blood after bolus 
injection, but this process is generally ignored. 
However, the mechanisms of this process are well 
understood and can be described by indicator dilu- 
tion principles!? developed for the measurement of 
blood flow. For example, a classical method for 
measuring cardiac output is based on injection of 
indocyanine green (ICG) into the stream of venous 
blood flowing to the heart. A hypothetical “dye 
curve” in the blood downstream from the injection 
site (e.g the aorta) is shown in figure 1. Note that the 
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Figure 1 A hypothetical indicator dilution measurement of 
cardiac output. The first pass area under the curve (AUC) and 
peak concentration (Cpeak) are functions of cardiac output. 


ICG concentration is initially zero, that there is a 
short lag between injection and first detection of 
ICG in blood, that there is a peak concentration 
(Cpeak), and that there is often a second peak 
because of recirculation of ICG. For flow measure- 
ments, various techniques are used to subtract the 
contribution of recirculation, leaving the first pass 
peak shown in figure 1, and cardiac output is deter- 
mined from dose and the AUC of this peak. By re- 
arranging the formula for cardiac output,!? it is 
apparent that Cpeak is some function (f of dose and 
cardiac output (QT). 
Cpeak=f (dose/QT) (1) 
In this article this indicator dilution analysis is 
expanded to examine the determinants of the shape 
of this peak for the first pass passage of a drug from 
the venous injection site to the heart. A central 
hypothesis is that although these indicator dilution 
principles are only applicable over a period of less 
than 30 s for an intravascular indicator such as ICG, 
they are applicable over a larger time scale for drugs 
that can leave the vascular space. 


Methods 


DEVELOPMENT OF THE MODEL AND PARAMETER 
ESTIMATION 


On anatomical and theoretical grounds, the injected 
drug peak would be expected to pass though several 
sites in its passage to the target organ. These sites, 
together with the factors which could modify the shape 
of the peak at each site, are summarized in figure 2 and 
are examined in turn (with the sites referred to by a 
letter for direct comparison with fig. 2). 

In common with all physiological models, this model 
is highly dependent on estimation of the large number 
of parameters comprising the model. For the purpose 
of illustration, these parameters were estimated for the 
local anaesthetic and anti-arrhythmic lignocaine, with 
the heart as the target organ, from previously reported 
studies of lignocaine using a conscious chronically 
instrumented sheep preparation.24!3-!5 Lignocaine 
causes significant reductions in myocardial contractility 
by a direct action on the myocardium,!® probably by a 
direct action on Na-Ca exchange.!” 
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Figure 2 An overview of the processes affecting the shape of a 
first pass drug peak from the venous injection site to a target 
organ. The panels on the left indicate the site of the various 
processes, while the panels on the right indicate the most 
important determinants of the process. The letters in brackets 
correspond to the appropriate sections in the text. 


A. Venous injection site 

General form. It was assumed that for an i.v. bolus, 
the dose is injected at a constant rate over a period T. 
The dose rate (given the variable name Doserate) is 
therefore as follows, where dose=total mass of drug 
given and t =time after the start of the dose: 

Doserate= (dose/7) 
for sts T (2) 

It was assumed that drug injection gives a square 
wave drug concentration peak in blood (Cinj) immedi- 
ately downstream of the injection site, whose shape 
depends on local blood flow (Qinjsite) and the dose rate: 

Cinj=(Doserate/Qinjsite) 
for sts T (3) 

This is a direct application of indicator dilution 
principles—the higher the flow, the lower Cinj, and 
vice versa. !2 

Parameter estimates for lignocaine. A dose of 100 mg 
over 1 s was assumed for comparison with previously 
published work,?*!4 and the injection was assumed 
to be made into the caudal end of the inferior vena 
cava, with a flow of 1 litre min`! (Upton RN, 
unpublished observations). 


B. Vascular mixing and dilution with cardiac output 


General form. After injection, this hypothetical 
square wave was assumed to travel from the injection 
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site to the pulmonary artery, with two factors influ- 
encing its shape in transit. The first is progressive 
dilution with other venous blood until, by the pul- 
monary artery, the peak has been diluted with the 
entire cardiac output (QT). Assuming it is still in the 
form of a square wave and ignoring the time taken 
to travel from the injection site to the pulmonary 
artery, this concentration (Cunmixed) is given by the 
following equation, analogous to equation (3): 
Cunmixed=(Doserate/QT) 
for O<¢sT (4) 
However, in reality, as shown in figure 1, the 
shape of this peak is not a square wave, but has been 
modified by factors such as dispersion during transit 
along the vessel!® and the dynamics of the mixing 
process. It was assumed that these two processes 
occur sequentially, and that the shape of the peak 
after dispersion was equivalent to the passage of the 
square wave peak created by the first process (eqn 
(4)) through a small well mixed compartment 
through which the entire cardiac output flowed. The 
final concentration in the pulmonary artery (Cpa) 
was therefore given by the following equation, where 
Vmix was the volume of this hypothetical mixing 
compartment: 
dCpa/dt =(Qr/Vmix)X(Cunmixed—Cpa) (5) 
Parameter estimates for lignocaine. A baseline value 
for cardiac output (QT) of 5.6 litre min™! was 
assumed for comparison with previously published 
work.? The volume of the mixing compartment was 
estimated from studies of the time course of ICG 
concentrations in the pulmonary artery for various 
combinations of injection duration and cardiac 
output!? using hybrid physiological modelling 
(appendix). 


C. Passage through the lungs 


General form. The kinetics of the passage of the 
peak through the lungs was represented as a single 
flow-limited compartment through which cardiac 
output flowed. An extraction term (Flung) was 
included to account for any metabolism or pro- 
longed retention of drug in the lung. The resultant 
drug concentrations in arterial blood emerging from 
the lungs (Ca) were therefore given by the following 
equations, where Vlung=apparent volume of the 
lung and Ca’=a temporary variable: 

dCpa/dz = (Qt/Vlung) X (Cpa—Ca’) 
Ca=Ca'(1—Elung) (6 and 7) 

Parameter estimates for lignocaine. Viung and Elung 
were determined by hybrid physiological modelling 
(appendix) from studies using chronically instru- 
mented sheep in which arterial blood was sampled 
rapidly together with measures of cardiac output.!4 
Arterial drug concentrations in the first minute after 
injection were assumed to be a result of the first pass 
passage of the drug, and pulmonary artery concen- 
trations were determined by application of the 
vascular mixing algorithm (eqns (2-5)). 


D. Distribution to organs 


Emerging from the lungs in arterial blood, the peak is 
distributed to all organs of the body (except the hing 
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and those supplied by portal systems) in line with the 
fraction of cardiac output they receive. As outlined 
previously, this model addresses only the relevant 
target organ, as the fate of the drug in other organs 
does not influence the first pass peak in this organ. 


F. Target organ kinetics 


General form. The kinetics of the passage of the 
peak through the target organ was represented as a 
two-compartment model with membrane limited 
transfer from the first (nominally capillary) to the 
second (nominally parenchymal) compartment, 
where the transfer between the compartments was 
described by a permeability term (PS) in keeping 
with standard capillary permeability nomenclature.?° 
If Qorgan is the blood flow of the target organ, and 
Vcap and Vpar are the apparent volumes of the 
nominal capillary and parenchymal compartments 
(concentrations Ccap and Cpar, respectively), the 
equations describing this system were as follows: 

Veap (dCcap/dt)=Qorgan (Ca—Ccap)+ 
PS (Cpar—Ccap) 
Vpar (dCpar/dt)=PS (Ccap—Cpar) 
(8 and 9) 

The advantage of this model is that a single- 
compartment, flow-limited model is a subset of its 
solution if PS is greatly exceeds Qorgan. 

Parameter estimates for lignocaine. These were 
determined by hybrid physiological modelling 
(appendix) of studies with chronically instrumented 
sheep in which arterial (afferent for the heart) and 
coronary sinus (efferent) blood were sampled 
rapidly, in conjunction with measures of myocardial 
blood flow using an ultrasonic Doppler flow probe 
on the left mainstem coronary artery.” Initial trials 
showed a single flow-limited compartment model 
was preferred statistically, but was madified by the 
addition of a small first-order loss from the compart- 
ment (rate constant=,,,), which further improved 
the fit. Equation 8 was therefore modified as follows: 

Vm (dCm/dt)=Qm (Ca—Cm)~—k,,,xCm (10) 
where Vm and Cm=apparent volume of, and con- 
centration in, the heart, respectively. Note that the 
heart concentrations of this equation are equivalent 
to those in the coronary sinus, that is there is venous 
equilibrium). 


G. Target organ dynamics 


General form. The relationship between the target 
organ drug concentration and a drug effect in that 
organ (Horgan) was represented by a sigmoidal 
Emax relationship,*! where Emax=maximum drug 
effect and EC.,)=drug concentration at which 50% 
of Emax was achieved, n=“Hill factor” controlling 
the steepness of the sigmoidal curve and “baseline” 
is the predrug magnitude of the effect: 

Eorgan=((EmaxX Corgan")/ 
(EC,."+ Corgan")) +baseline (11) 

This equation can describe several concentration 
effect relationships, as it includes linear and Emax 
models as approximate subsets of its solutions, 
and the organ concentration can be for either the 
capillary or parenchymal compartments. 


A model of the first pass passage of drugs 


Parameter estimates for lignocaine. These were 
determined using hybrid physiological modelling 
(appendix) of studies in which myocardial contra- 
ctility and coronary sinus blood concentrations of 
lignocaine were determined after bolus injection of 
lignocaine in sheep.* !4 Contractility was determined 
from the maximum rate of rise of left ventricular 
pressure (LV (dP/dt)max), which was measured 
using a left ventricular micromanometer catheter, 
and was expressed as the percentage reduction from 
baseline values. Initial trials showed that the sigmoid 
Emax model had redundant parameters for this data 
set, and it was replaced with a linear effect model 
modified for a drug which caused reductions in the 
effect from a baseline value: 

Em=baseline.,—slope.g* Cm (12) 
where Em=percentage reduction in myocardial 
contractility. 


Equation solving 


The model, as implied by equations (2-7), (10) and 
(12) was implemented as a set of differential equa- 
tions in the “Scientist” modelling package (Scientist 
for Windows, Version 2, Micromath, Salt Lake City, 
UT, USA), although any differential equation solver 
would be suitable. In general terms, the model could 
be used to predict the shape of the peak at each of 
the sites shown in figure 2, and the resultant time 
course of a drug effect. Equation (3) is optional, 
and can be included if venous injection site 
concentrations are of interest. 

Predictions of the model. The model was used to 
predict the peak first pass concentrations of 
lignocaine, and the times of these peaks, in venous, 
pulmonary artery and arterial blood and the heart 
after an injection of 100 mg over 30 s. 

To examine to what extent the first pass peak con- 
tributed to initial distribution in vivo, the predictions 
of the model were compared with the experimental 
data reported previously for lignocaine pharmaco- 
kinetics and pharmacodynamics in the heart.*!* The 
former accounted only for the first pass passage of 
the drug peak, while the latter in vivo measurements 
by definition included the first pass peak and the 
contribution of recirculation. 

The sensitivity of the model to changes in various 
parameters was also analysed. Of the parameters 
shown in figure 2, it was thought that injection rate, 
cardiac output and target organ blood flow were the 


Table 1 Parameters of the model for lignocaine in the heart 


Parameter Description 


Dose Total dose 

T Duration of injection 

Gini Local blood flow at the injection site 
Cardiac output 


Vmix Volume of the hypothetical venous mixing compartment 


Viung Apparent volume of the lung 
Flung Apparent first pass extraction by the lung 


Blood flow through heart 
Vm Apparent volume of the heart 
Rout First order loss rate constant from the heart 


Slope. Slope of linear pharmacodynamic model 
Baseline. Baseline of linear pharmacodynamic model 
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parameters that were most likely to vary in a 
“clinical” setting. The effect of changing these was 
summarized concisely by their effect on the coronary 
sinus concentrations alone as the simple linear 
nature of the pharmacodynamic model (eqn (12)) 
implies that the effect follows the same time course 
as the coronary sinus concentrations, and the kinetic 
model for the heart (eqn (10)) implies that the heart 
concentrations were proportional to the coronary 
sinus concentrations. To examine the effect of blood 
flow, cardiac output was increased or decreased by 
50% (from 5.6 to 8.4 and 2.8 litre min~!, respec- 
tively). In a separate set of simulations, myocardial 
blood flow was increased or decreased by 50% (from 
0.122 to 0.183 and 0.061 litre min~'!, respectively). 
In a final set of simulations, cardiac output and 
myocardial blood flow were increased together by 
50%, and then decreased together by 50%. To 
examine the effect of injection rate, simulations were 
performed with the duration of injection set at values 
of 1, 10, 30, 60, 120 or 240 s. 


Results 


PARAMETER ESTIMATES FOR LIGNOCAINE 


The values of the parameters of the model are summa- 
rized in table 1; all estimated parameters were deter- 
mined with a high degree of confidence. Although the 
vascular mixing component of the model was entirely 
empirical, there was good agreement between the 
model and the published data,!9as shown in figure 3. 
The parameters for lung kinetics gave a good descrip- 
tion of the observed arterial concentrations emerging 
from the lung (fig. 4), but the fit was improved by 
removing a small (0.08 min) lag from the measured 
concentrations consistent with previous observations of 
injection site to lung transit time.!? The membrane- 
limited model of the target organ collapsed to a single- 
compartment, flow-limited model on fitting. This latter 
model was able to describe coronary sinus concentra- 
tions within the confidence limits of the measured data; 
a better fit was obtained by adding a small first-order 
loss from the compartment (fig. 5). This may have a 
physiological basis, as loss of lignocaine from the sur- 
face of the heart into fluid (and presumably tissues) sur- 
rounding the heart has been documented.” The linear 
pharmacodynamic model gave an adequate description 
of the relationship between the measured coronary 
sinus concentration and effect data (fig. 6). 


Value used (sp) Source 
100 mg Assumed 
ls Assumed 
1 litre min? Assumed 
5.6 litre min`? Measured directly 
0.255 litre Hybrid modelling 
1.06 (0.021) litre Hybrid modelling 
0.32 (0.03) Hybrid modelling 
0.122 (0.021) litre min~! Measured directly 
0.450 (0.03) litre Hybrid modelling 
0.062 (0.04) litre min™! Hybrid modelling 
11.08 (0.56) Hybrid modelling 
3.16 (1.17) Hybrid modelling 
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Figure 3 Predictions of the venous mixing component of the 
model (eqns (2-5)) using a value of Vmix of 255 ml compared 
with the observations of Upton and Huang’? on the initial 
mixing of indocyanine green with venous blood. The panels 
show the relationship between peak concentration (Cpeak) and 
cardiac output (CO) for injections rates of 1 s (top), 5 s (middle) 
and 10 s (bottom). Similar results were also found for the area 
under curve of the peak. In each case, the open symbols indicate 
the observed values, the dashed lines their 95% confidence limits 
and the filled symbols, predicted values. 


PREDICTIONS OF THE MODEL 


The major prediction of this model was that bolus 
drug injection produces a large concentration peak 
in venous blood which is progressively attenuated by 
various kinetic processes in transit to the target organ 
(table 2). It was also shown that the predicted first 
pass peak contributed a large component to the 
experimentally determined coronary sinus ligno- 
caine concentrations (and therefore myocardial 
- effect) in the first 10 min after the dose (fig. 7). Of 
the parameters examined, changes in cardiac output 
alone produced the largest changes in peak coronary 
sinus concentrations (fig. 8), with the highest cardiac 
output associated with the lowest concentration. 
Conversely, changes in myocardial blood flow alone 
also produced large changes in peak coronary sinus 
concentrations (fig. 8), but with the highest flow 
associated with the highest concentration. When 
cardiac output and myocardial blood flow were 
increased or decreased simultaneously, the opposing 
factors were cancelled such that there was a less 
dramatic change in coronary sinus concentrations 
(fig. 8). However, the lower flow state was associated 
with a longer duration of action and a slight delay in 
the time of the maximum concentration. Altering 
injection rate from 1 to 240 s produced large changes 
in coronary sinus concentrations (fig. 9), but for 
injection rates in the range 1—30 s, the changes were 
only minor. 
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‘Figure 4 Predicted (-—) first pass arterial concentrations of 
lignocaine (based on eqns (2-7)) emerging from the lungs in the 


first minute compared with those measured i vivo by Huang 
and colleagues (@).!4 
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Figure 5 Predicted (—) coronary sinus concentrations of 
lignocaine based on equation (10) compared with those 
measured by Huang and colleagues!4 (A) shown with their 95% 
confidence limits (dotted lines). Measured arterial 
concentrations (@) are shown for comparison. 
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Figure 6 Predicted (—) effect of lignocaine on myocardial 
contractility (reduction from baseline) based on equation (12) 
compared with that measured by Huang and colleagues* (A) 
shown with their 95% confidence limits (dotted lines). Measured 
coronary sinus concentrations (@) are shown for comparison. 
The units of the vertical axis are arbitrary. 


A model of the first pass passage of drugs 


Table 2 Peak first pass concentrations of lignocaine at various 
sites after injection of 100 mg over 30 s 








Peak concentration ` Time of peak 
Site (mg litre-") (min) 
Venous injection site 35.7 0-0.5 
Pulmonary artery 35.7 0.5 
Aorta 22.1 0.5 
Heart 2.6 0.9 
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Figure 7 Predicted (--) first pass peak of lignocaine in coronary 
sinus blood after i.v. injection of 100 mg over 1 s compared with 
measured concentrations (O) and 95% confidence limits (dotted 
lines), which by nature includes the contribution caused by 
recirculation. The first pass peak makes a large contribution to the 
heart concentrations of lignocaine in the first 10 min after injection. 
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Figure 8 Effect of cardiac output (QT) and myocardial blood flow 
(Qm) on the first pass peak of lignocaine in the heart, as given by 
coronary sinus blood concentrations. The upper panel shows Qm 
held constant, with 50% increases or decreases in OT. The middle 
panel shows QT held constant, with 50% increases or decreases in 
Qm. The lower panel shows Qr and Qm varying in unison. 
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Figure 9 Effect of altering duration of injection of the same 
dose of lignocaine on its first pass peak in the heart, as given by 
coronary sinus blood concentrations. 


Discussion 


It was shown that initial drug kinetics after an i.v. 
bolus injection were consistent with the concept of 
the formation of a concentration “peak” of drug in 
the flow of venous blood, which is attenuated by vas- 
cular mixing, and lung and target organ Kinetics as 
the drug is transported from the injection site to the 
target organ. The first passage of the peak through 
the heart was the principal component of the 
myocardial concentrations of lignocaine for 10 min 
after injection. Injection rate, cardiac output and 
myocardial blood flow were important determinants 
of the first pass peak. While there are deficiencies in 
the model, it is clear that it provides a useful frame- 
work for studying initial distribution processes and 
their physiological determinants. 


OTHER APPROACHES TO INITIAL DRUG 
DISTRIBUTION 


The limitations in the interpretation of the initial dis- 
tribution volume and half-life terms of conventional 
compartmental models have been raised by previous 
workers. Chiou’ ® showed the initial volume of distri- 
bution depended on the time that the first blood 
sample was obtained (i.e. the time allowed for 
“initial mixing”), and that there was considerable 
variation in the literature of the reported initial 
volume of distribution for the same drug. Indeed, 
the initial volume was related linearly to the time of 
the first blood sample. The role of the lung in first 
pass kinetics was also considered by this author. 
There have been three general approaches to 
addressing these limitations, which will be discussed 
in turn. First, some workers have developed revised 
compartment models. Niazi? advanced the concept 
of volume of distribution as a variable that changes 
with time. However, the fundamental compartmen- 
tal description of a drug added to-a volume rather 
than a flow remains. By rapid sampling of arterial 
blood from 1 min after injection of thiopentone and 
an intravascular marker, Henthorn, Avram and 
Krejcie?* were able to show that thiopentone and the 
marker had a common central volume in humans. 
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Subsequent work in dogs with continuous sampling 
showed that this common volume was the first pass 
peak emerging from the lungs, and led to the con- 
struction of a physiological model of the process.’ ?5 
The vascular mixing component of this model is 
essentially the same as that proposed in the current 
model. They differ in that their model incorporates a 
two-compartment model of the remainder of the 
body, and was validated against arterial concentra- 
tions rather than target organ drug concentrations 
and effects. The model of early alfentanil disposition 
proposed by Wada and Ward” also shares similar 
features with the present model, and was validated 
by hybrid modelling of literature data. 

Second, to avoid a compartmental description of 
the initial distribution process, stochastic recircula- 
tory models of the process have been proposed.?7-° 
This approach greatly improves the ability of these 
methods to describe early blood drug concentrations 
compared with compartmental models and includes 
the role of cardiac output in initial distribution. 
Some disadvantages include lack of a physiological 
description for the “transport function”, validation 
against limited data sets, and neglecting the signifi- 
cant effect of cardiac output on the whole body 
transport function. 

Third, there have been occasional theoretical and 
experimental reports of an indicator dilution 
approach to initial drug distribution in which the 
drug is considered to be added to a flow rather than 
a volume. The most significant theoretical contribu- 
tion is that of Crawford.3! It was proposed that rapid 
i.v. injection of a drug resulted in a “slug” of drug in 
blood which travelled for two or three circulations of 
the blood before being dispersed. In his analysis, 
Crawford essentially analysed the fate of the slug at 
each of the sites shown in figure 2, although many 
of his calculations were by necessity crude. 
Experimental studies reflecting indicator dilution 
principles include that of Crankshaw, Rosler and 
Ware,?? who studied the relationship between peak 
arterial concentrations of thiopentone and duration 
of bolus injection. 


ASSUMPTIONS AND LIMITATIONS OF THE MODEL 


The present model is essentially a refinement of the 
approach of Crawford,?! with the important addition 
of a detailed set of experimental data with which to 
validate the model. As the construction of any model 
requires making simple assumptions, these assump- 
tions are examined. The most significant of these 
concerns the nature of the vascular mixing process 
(i.e. the relationship between drug injection and 
peak entering the lungs). Although the nature of this 
process has been described previously,?? this type of 
analysis is relatively complex.'® The approach used 
‘in the present model was essentially empirical and 
ignored intravascular transit time from the inferior 
vena cava to the pulmonary artery, which in the 
sheep was 4-9 s.!9 Fortunately, despite this, the pre- 
dicted results closely matched those observed for a 
variety of injection rates and cardiac outputs. Note 
that the volume of the vascular mixing compartment 
is independent of the physicochemical properties of 
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a drug, and that the injection site blood flow (Qinj) is 
not a determinant of the final concentration in the 
pulmonary artery. 

The assumption of single-compartment, flow- 
limited Kinetics in the lungs is also a simplification, 
as the lung probably behaves in a similar manner to 
a chromatographic column.34 Again, any lag intro- 
duced by the passage of the peak from injection site 
to the lung was ignored in the final model (although 
accounted for in the curve-fitting process). The con- 
tribution of intravascular transit time of blood 
through the lung is likely to be small. The concept of 
an apparent first pass “retention” by the lung, 
whether a result of metabolism or an apparent 
extraction caused by “deep” distribution, is well sup- 
ported by the literature,!° particularly for basic drugs 
where the retention can be greater than 90%. 

While more sophisticated models, such as disper- 
sion models,’ may be a more physiological descrip- 
tion of myocardial drug kinetics, it seems likely that 
the essentially flow-limited nature of myocardial 
uptake of lignocaine? is retained in the present 
model. 

The assumption that the target organ drug con- 
centration is the sole determinant of the magnitude 
of target organ drug effects should also be made with 
caution, as this relationship does not hold if there is 
“tight” homeostatic control over the process affected 
by the drug (e.g. arterial pressure) or acute tolerance 
caused by receptor down regulation. For the ligno- 
caine data, there is some suggestion of homeostatic 
control of myocardial contractility affecting the 
myocardial concentration-effect relationship as 
evidenced by the slight discrepancy between the 
model and data after 8 min in figure 6. 

In general terms however, comparison of the 
model with these data (figs 3-6) suggests that 
addressing these assumptions would help “fine 
tune” the model, but that the assumptions are not 
sufficient to compromise the relevance of its 
quantitative and qualitative predictions. 


IMPLICATIONS OF THE MODEL 


While i.v. bolus administration of lignocaine is not 
common clinically, this drug was chosen because of 
the extensive published data set suitable for validat- 
ing the model. However, it was felt that the general 
principles applicable to this drug and the heart 
would apply to any relatively lipophilic drug that 
acted in a well-perfused target organ. 


CONTRIBUTION OF FIRST PASS DISTRIBUTION 


Recirculation is often thought of as a rapid phenom- 
enon, which is probably based on a knowledge of the 
behaviour of intravascular indicators. This study 
showed that recirculation of drugs takes consider- 
ably longer, and that the first passage through the 
heart can account for a large component of the 
myocardial concentrations and effects of lignocaine 
for the first 10 min after injection (the remainder is a 
result of recirculated drug entering the heart). This is 
consistent with the report of van Rossum and col- 
leagues?’ that the mean transit time of many drugs in 
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the body is of the order of 10 min. Note that the 
heart, which has a high relative perfusion, is often 
thought of as an organ in which recirculation occurs 
rapidly. It seems likely that the dominance of the first 
pass peak in initial organ concentrations is not a 
function of a failure of drug to recirculate, but rather 
indicates that the recirculated concentrations are 
much less than the first pass concentrations in this 
period. 


SENSITIVITY ANALYSIS 


While it has been noted previously that some phar- 
macokinetic parameters are related to cardiac 
output,’ our work reinforces the fact that cardiac 
output is fundamental to the kinetics of bolus 
administration.?? 29 Indeed, it is more appropriate to 
consider bolus injection of a drug as an “indicator 
dilution” experiment “in reverse” rather than the 
traditional addition of a drug to a hypothetical 
volume. The concepts of the latter approach are dif- 
ficult to reconcile with the actual physiological 
events. The role of myocardial blood flow was also 
highlighted by the model. This information provides 
greater insight into the effects of pathophysiological 
changes in blood flow distribution on dose 
requirements. 

The model also provides insight into the effect of 
injection rate on initial drug concentrations and 
effects. An interesting feature of figure 9 is that the 
damping action of the lung and vascular mixing 
result in little difference in the time course of initial 
heart concentrations for injection rates between 1 
and 60 s. If applicable to other drugs, this may indi- 
cate why in clinical practice the rate of bolus drug 
injection preferred by different clinicians is variable 
within this range. The model can also be used to test 
the relative merits of injection rate profiles other than 
a “square wave”. We are currently pursuing this in 
our laboratory. 
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Appendix 
HYBRID PHYSIOLOGICAL MODELLING FOR PARAMETER ESTIMATION 


This refers to the process whereby the parts of the system of 
interest are represented as a structural model, while the 
remainder is represented as empirical functions.2659 The 
complete model is validated by independently validating each of 
its component submodels in turn. Each submodel is treated as a 
hybrid of the complete model for which only its inputs and 
outputs are of interest. For example, for modelling myocardial 
kinetics the submodel was based on a modified single flow- 
limited compartment. The input functions were arterial 
concentrations and myocardial blood flow. These were fitted to 
empirical equations (a sum of exponentials for the blood 
concentrations and a fifth-order polynomial for the blood flow 
data), The structure and origin of the input function is irrelevant 
provided it provides an excellent fit for the input data. The 
output (coronary sinus concentrations) of the structural 
submodel was then curve-fitted to optimize its parameters by a 
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least squares method based on the maximization the “model 
selection criteria (MSC)”, which is essentially the Akaike 
information criterion scaled to normalize for data sets (Y) of 
different magnitudes (Micromath Scientific Software, Salt Lake 
City, UT, USA): 
= 2 
EWA Yoon, Y 2p 
MSC=h | —-———————_ |- 
$a? 


where m=a weighting term and p=number of parameters. 
The input and output functions of each of the hybrid 
submodels discussed in the text are summarized in table la. 


Table la Input and output functions of each of the hybrid submodels 
discussed in the text 











Submodel Input function(s) Output function 
Vascular miang Dose rate Pulmonary artery 
(eqns (2-5)) ICG concentrations 
Lung kinetics Dose rate and pulmonary Arterial 
(eqns (2-7)) artery concentrations concentrations 
Myocardial kinetics Arterial concentrations Coronary sinus 
{eqn (10)) myocardial blood flow concentrations 
Myocardial Coronary sinus Reductions in 
dynamics concentrations myocardial 
{eqn (12)) contractility 
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Measurement of cardiac output by transoesophageal Doppler 
echocardiography in anaesthetized horses: comparison with 


thermodilution 


L. 
R. S. JONES 


Summary 

\n order to determine if transoesophageal Doppler 
echocardiography could be used to estimate 
cardiac output in anaesthetized horses, we have 
compared the technique with estimations of 
cardiac output by thermodilution in eight healthy 
adult thoroughbreds. Measurements of aortic 
blood flow velocity were made by high pulse repe- 
tition frequency (HPRF) and continuous wave (CW) 
Doppler echocardiography from a 3.5-MHz trans- 
oesophageal probe. Cardiac output was increased 
during the study by administration of dobutamine, 
providing a range of cardiac output measurements 
by thermodilution from 15.0 to 64.4 litre min-1. 
Estimations derived from CW Doppler over- 
estimated cardiac output compared with thermo- 
dilution (bias=4.0 litre min—‘). Estimations from 
HPRF Doppler echocardiography more closely 
reflected measurements obtained by thermodilu- 
tion (bias=0.7 litre min—'). Limits of agreement 
between the techniques were similar for both 
modes of insonation (HPRF=-—7.7 to 9.1 litre 
min7', CW=—4.9 to 12.8 litre min~'). There were 
significant differences in bias between both 
Doppler techniques and thermodilution for indi- 
vidual horses. As a result, for any individual horse, 
limits of agreement between the techniques were 
closer (HPRF=+6.4 litre min`, CW=+7.6 litre 
min~'), We conclude that transoesophageal echo- 
cardiography provided an alternative, effective and 
non-invasive method for measurement of cardiac 
output in anaesthetized horses. (Br. J. Anaesth. 
1996; 77: 773-780) 


Key words 

Measurement techniques, cardiac output. Measurement 
techniques, thermodilution. Measurement techniques, 
transoesophageal echocardiography. Horse. 


Halothane anaesthesia in horses produces cardiac 
depression and systemic hypotension.!? These 
adverse cardiovascular effects have been implicated 
in the higher incidence of intraoperative morbidity? 4 
and mortality in horses compared with other 
species. Cardiovascular monitoring during equine 
anaesthesia is restricted generally to recording heart 
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rate, rhythm and arterial pressure.” Information on 
the mechanisms of cardiovascular dysfunction which 
occur during general anaesthesia in this species has 
been limited by the invasive nature of the monitoring 
techniques that were available previously. The avail- 
ability of echocardiography has removed many of 
these limitations; the shift in frequency which occurs 
when ultrasound is reflected from a moving object 
can be used to calculate blood flow velocity. Doppler 
echocardiography measures blood velocity in tar- 
geted areas of the heart and great vessels. Integration 
of the resultant velocity—time curve gives a value 
which represents the summated distance travelled by 
the blood with each cardiac cycle. If this value is 
multiplied by the cross-sectional area of the vessel 
and heart rate, an estimate of cardiac output is 
obtained.8 

Cardiac output in horses is measured most 
frequently by thermodilution or dye dilution tech- 
niques,*!* although the need for cardiac catheteriza- 
tion and the associated risks tend to limit the 
procedure to research applications. Recent studies 
have shown that transoesophageal echocardiography 
is feasible in anaesthetized horses and that the tech- 
nique provides parallel alignment between ultrasound 
beam and aortic blood flow,!? a necessary criterion for 
accurate estimations of velocity by Doppler echo- 
cardiography. In this study we aimed to assess corre- 
lation and agreement between transoesophageal 
Doppler assessment of aortic flow and cardiac output 
determined by thermodilution in horses during 
halothane anaesthesia. Aortic flow velocity—time 
curves were obtained by both pulsed and continuous 
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wave methods of insonation and limits of agreement 
of both techniques were compared. 


Materials and methods 


EXPERIMENTAL PREPARATION 


The study conformed to the UK Animals Act 
(Scientific Procedures, 1986, Home Office licence 
No. PPL 60/1674). We studied eight thoroughbred 
horses (four mares and four geldings), aged 3—6 yr 
and weighing 490-600 kg (mean 545 kg). The 
horses were clinically normal, housed indoors and 
kept in moderate work. Food, but not water, was 
withheld from the horses from 20:00 on the day pre- 
ceding the study. On the morning of the procedure, 
the skin overlying the left jugular vein was anaes- 
thetized by surface application of EMLA cream 
(Astra, Kings Langley, UK) followed 40 min later by 
subcutaneous administration of 2% lignocaine. A 
13-gauge over-the-needle catheter (Intaflon, Vygon, 
Cirencester, UK) was placed in the jugular vein 
through the desensitized skin. 

In a padded induction area, the a, adreno- 
receptor agonist, romifidine 100 mg kg! (Sedivet, 
Boehringer Ingelheim, Bracknell, UK) was adminis- 
tered i.v. via the jugular catheter. Anaesthesia was 
induced 5 min later with ketamine 2.2 mg kg”! i.v. 
The trachea was intubated with a 25- or 30-mm 
cuffed tracheal tube which was adapted to allow col- 
lection of gas from its distal end.!* Initially the horses 
breathed spontaneously from a large animal circle 
system supplied with halothane in 100% oxygen. 
When an adequate depth of anaesthesia was 
obtained the horse was transferred to a padded 
operating table and ventilation was controlled using 
intermittent positive pressure (Large Animal 
Anaesthesia Control Centre, North American 
Drager, Telford, PA, USA). Initially, ventilatory 
frequency and tidal volume were set to 10 bpm and 
7 litre, respectively. A commercial blood-gas 
analyser was used to monitor arterial Paco, from 
arterial blood samples obtained from the great 
metatarsal artery. Minor adjustments of the 
ventilator controls were used to maintain Paco, at 
4.6-6.0 kPa. End-tidal halothane concentration 
was measured from end-expired gas sampled from 
the end of the tracheal tube using a calibrated 
anaesthetic gas monitor (Servo Gas monitor 120, 
Siemens PLC, Cumbernauld, UK). The vaporizer 
was adjusted throughout the study to maintain an 
end-tidal concentration of 0.9%. 


INSTRUMENTATION 


Echocardiography 


Immediately after induction of anaesthesia a 3.5- 
MHZ transoesophageal echocardiographic probe 
(Vingmed Sound, Horten Norway) was inserted into 
the oesophagus via the ventral nasal meatus. The 
probe was purpose-made for equine use and was 
constructed from a 160-cm human colonoscope.!3 
The probe was used in conjunction with a Vingmed 
CFM 700 echocardiograph. The maximum depth 
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for 2-dimensional (2-D) and M-mode imaging was 
24 cm. The frame update rate was 19-55 frames per 
second, depending on the sector angle selected and 
the imaging depth. The maximum depth for colour 
flow mapping and spectral Doppler studies was 20 
cm. Doppler studies were conducted using the trans- 
ducer in high pulse repetition frequency (HPRF) 
and continuous wave (CW) mode, with ultrasound 
emitted at a frequency of 2.5 MHz. 

The probe was advanced into the oesophagus 
through the external nares until a long axis view of 
the left ventricular outflow tract and aorta were 
obtained by 2-D echocardiography.'3 The HPRF 
Doppler sample volume was then guided to the 
centre of the vessel above the aortic valve in the area 
where colour flow Doppler echocardiography 
demonstrated the fastest flowing blood.'5 Con- 
tinuous wave ultrasound was directed in the same 
axial position down the whole length of the aorta and 
left ventricular outflow tract. When the sample 
volume had been positioned the transducer was 
dedicated to acquisition of Doppler data. Adequate 
alignment with aortic blood flow was assumed from 
the clarity of the audible signal and when a complete 
velocity envelope was obtained.!6 


Thermodilution 


After the horses had been positioned in left lateral 
recumbency on a padded operating table, two 8-F 
percutaneous catheter introducer sets (Haemaquet- 
Steri Lock, Bard Ltd, Crawley, UK) were inserted 
into the right jugular vein, using a percutaneous 
Seldinger technique. A 150-cm long thermodilution 
catheter (0d=2.31 mm) (Columbus Instruments, 
Columbus, OH, USA) was inserted via one intro- 
ducer until pressure recordings from its distal port 
indicated that it was situated in the pulmonary artery. 
The thermodilution catheter had a proximal port, 
but high internal resistance to injectate flow pre- 
cluded its use for thermal indicator administration 
during thermodilution studies. A separate catheter 
was made from a 200-cm length of polyethylene 
tubing (800/200/225 (od=1.6 mm), Portex Arterial 
Medical, South Gate, London, UK) for delivery of 
the thermal indicator. The atrial end of the catheter 
was sealed closed by heat from a Bunsen burner. 
Five holes (diameter=0.5 mm) were pierced along 
the final 4 cm of catheter body, using a hot 14-gauge 
i.v. needle. The open end of the tubing was then 
placed over the body of a 14-gauge i.v. needle, the 
hub of which was connected to a pressure injector. 
The pressure injector was driven by compressed air 
at an operating pressure of 30 pounds per square _ 
inch (psi) which ensured that the charge of 45 ml of 
injectate was delivered within 3 s, as recommended 


-by Ganz and Swan.!” A test injection of 45 ml of 


0.9% saline solution was then made via the catheter 
using the pressure injector to ensure that flow 
occurred evenly through the side holes and that 
injection was completed within 3 s. The catheter was 
sterilized using ethylene oxide. 

The sterile catheter was pre-filled with heparinized 
saline (5 u. mi~?) and introduced into the right atrium 
by advancing it down the second percutaneous 
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introducer set. To position the catheter it was 
connected to a pressure transducer, and advanced 
down the introducer until a characteristic right ven- 
tricular pressure waveform was obtained. It was then 
withdrawn until the pressure trace indicated it had 
just re-entered the right atrium. With the catheter in 
position a test injection with 45 ml of 0.9% saline 
was carried out while observing a 2-D image of the 
right atrium obtained by transthoracic echocardio- 
graphy. Correct catheter placement was confirmed 
by the sudden short-lived appearance of multiple 
echogenic speckles in the right atrium, coinciding 
with injection. 

A Cardiomax IL model 85 cardiac output 
computer (Columbus Instruments, Columbus, OH, 
USA) was used to measure cardiac output by 
thermodilution. Previous work had demonstrated 
that satisfactory dilution curves could be obtained 
from standing horses when 45 ml of saline at room 
temperature were injected using a pressure injector 
through the separate catheter in the right atrium.}8 
Normal saline stored at room temperature was used 
as the thermal indicator for all horses. During these 
studies, ambient temperature varied between 14.4 
and 19.2 °C, The dilution curves from each estima- 
tion were displayed on a chart recorder allowing 
visual inspection of each curve. Only measurements 
from dilution curves with a characteristic fast attack 
slope and a slower return to baseline were acceptable. 


DATA COLLECTION 


Data from HPRF and CW transoesophageal 
echocardiographic studies were measured by a single 
observer from video-taped images of aortic blood 
flow velocity spectra. Cardiac output was calculated 
from aortic velocity spectra using the equation: 
cardiac output=VTI X 

aortic cross-sectional area heart rate 
where VI I=area under the velocity spectra (velocity 
time integral). 

Area under individual velocity envelopes (VTD 
was measured using software within the echocardio- 
graph. The modal velocity delineated by the bright- 
est line in the velocity envelope was used to delineate 
the area beneath spectra derived from HPRF 
studies, while maximum velocity was used for CW 
envelopes. Doppler signals from five consecutive 
cardiac cycles were measured for each cardiac 
output estimation and mean VTI and heart rate for 
the group of five cycles were calculated. Heart 
rate was calculated from the five corresponding 
RR intervals from the electrocardiogram of the 
ultrasonograph. 

The cross-sectional area of the aorta was 
calculated from the aortic diameter measured from a 
2-D long axis image of the aorta at the level of the 
sino-tubular junction.!4 In this view, the anatomical 
boundaries of the vessel are parallel to the ultra- 
sound beam, resulting in considerable lateral 
broadening of the vessel walls.!9 According to the 
recommendations of Hatle and Angelsen!® vessel 
diameter was measured perpendicular to the long 
axis of the aorta by a line joining the middle of the 
band of echoes corresponding to the vessel walls. To 
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obtain each diameter, three measurements were 
made during systole from three consecutive cardiac 
cycles and an average value obtained. The 2-D 
images needed for measurements were recorded on 
video tape immediately before each set of cardiac 
output measurements. 

Mechanical ventilation was discontinued before 
each cardiac output measurement, and the ventilator 
was switched off in the expiratory pause just after an 
inspiratory cycle was complete. Injection of thermal 
contrast was initiated by pressing the pressure 
injector foot pedal, to coincide with the second “p” 
wave of the ECG after the ventilator was stopped. 
The record facility of the VHS video recorder on the 
Vingmed CFM 700 was also activated. 

Each estimate of cardiac output by Doppler 
echocardiography was compared with a mean of 
three closely successive thermodilution estimates. In 
accordance with the manufacturer’s instructions, at 
least 60 s were allowed to elapse between consecu- 
tive thermodilution measurements. The first of the 
three injections coincided with video recording of 
aortic velocity waveforms by HPRF Doppler 
echocardiography. The insonation mode of the 
Doppler echocardiograph was then changed from 
HPRF to CW between the first and second thermo- 
dilution estimations. Doppler spectra were not 
recorded coincident with the final thermodilution 
measurement in the sequence. 


EXPERIMENTAL PROCEDURE 


A group of five sets of three thermodilution measure- 
ments with associated Doppler recordings consti- 
tuted a set of data for each horse at each cardiac 
output level. After the first group of five measure- 
ments were made, dobutamine 2 ug kg~! min! was 
infused via the jugular catheter. After 15 min cardiac 
output estimations were repeated. The infusion rate 
was then increased to 4 pg kg™! min`}, and after 
another 15 min, the final set of cardiac output data 
were collected. At the start of each data acquisition 
period, 2-D images were recorded for measurement 
of aortic diameter. If the dobutamine infusion pro- 
duced any disturbance to cardiac rhythm that was 
considered to be a risk to the horse, the infusion was 
discontinued and the procedure was terminated. 


STATISTICAL ANALYSIS 


Agreement between the two techniques was assessed 
using the methods of Altman and Bland.2° The 
mean difference between cardiac output estimations 
made by Doppler techniques and thermodilution 
(defined as bias) was determined for all pairs of 
measurements (ACO,). The sD of these differences 
(spDACO,) was then used to determine limits of 
agreement for the pooled data (defined as bias 
+2spACO,). The analysis of Altman and Bland” is 
designed for single pairs of measurements originat- 
ing from independent subjects. As in many previous 
studies, in this study multiple measurements of 
cardiac output were made in a small number of 
individuals. To further distinguish within-subject 
and between-subject variation in bias and limits of 
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agreement, the following additional analysis was 
performed: differences in bias between horses were 
assessed using one-way analysis of variance. The 
mean difference between techniques and the vari- 
ance of the differences were determined for each 
horse. A within-subject sp of the difference was 
determined from the mean of the variances from 
individual horses (SDACO,). The limits of agree- 
ment between techniques for an individual were then 
determined (+2spACO,). Measurements of aortic 
diameter before and during dobutamine infusion 
were compared by paired Student’s t test. Although 
it is recognized that calculation of product moment 
correlation coefficient (r) is not an appropriate 
method to assess agreement between measurement 
techniques,”! the linear relationships between the 
HPRF and CW derived cardiac output estimates 
and those from thermodilution were determined. 
The analysis was performed to allow comparison of 
our data with similar studies in other species in 
which calculation of r was the sole method of data 
analysis. 


Results 


A total of 95 comparisons of cardiac output estima- 
tions from Doppler and thermodilution techniques 
were made for both insonation modes. Only five esti- 
mates were obtained from one horse, as supraventric- 
ular tachycardia (heart rate 186 beat min`!) 
commenced 10 min after infusion of dobutamine 
2 wg kg! min). Supraventricular tachycardia (heart 
rate >150 beat min`?!) occurred in three more horses 
during infusion of dobutamine 4 pg kg™! min”? 
before cardiac output estimations had been made. 
The range of cardiac output values measured by 
thermodilution during the study was 14.1-65.4 litre 
min`?! with a mean value of 26.7 litre min™!. When 
agreement between the two methods was assessed 
for the pooled data, estimates by CW Doppler echo- 
cardiography tended to overestimate those by 


N 
Oo 


16 


Difference in CO (CW Doppler - therm.) 





Average CO (CW Doppler and therm.) 


Figure 1 Differences in cardiac output (CO) measured by CW 
Doppler echocardiography and the mean of three consecutive 
thermodilution (therm.) measurements vs the average of the two 
techniques. CO is measured in litre min~!. The bias, 4.0 litre 
min™!, is indicated by the solid line and the upper and lower 
limits of agreement, —4.9 to 12.8 litre min~!, by the broken 
lines. 
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thermodilution on average (bias) by 4.0 litre min`! 
(fig. 1). Estimates derived from HPRF spectra 
agreed more closely with the invasive method, show- 
ing a positive bias of only 0.7 litre min”? (fig. 2). The 
sD of the differences between Doppler-derived esti- 
mates and thermodilution (spACO,) was slightly 
less for HPRF estimates (4.2 litre min~!) than for 
those derived from CW (4.4 litre min™!). As a result 
the limits of agreement (biast2spACO,) were 
slightly narrower for HPRF derived estimates (—7.7 
to 9.1 litre min~!) than for CW estimates (—4.9 to 
12.8 litre mint). These limits of agreement 
represented —34% to 28% of mean cardiac output 
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Figure 2 Differences in cardiac output (CO) measured by 
HPRF Doppler echocardiography and the average of three 
consecutive thermodilution (therm.) measurements vs mean of 
the two techniques. CO is measured in litre min~!. The bias, 0.7 
litre min`}, is indicated by the solid line and the upper and lower 
limits of agreement, —7.7 to 9.1 litre min~!, by the broken lines. 
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Figure 3 Box and whisker plot of differences in cardiac output 
(CO) measured by CW Doppler echocardiography and the 
average of three consecutive thermodilution (therm.) 
measurements in each of eight anaesthetized horses. Differences 
in CO are measured in litre min~!. The horizontal dividing line 
in each box is the median value, the upper and lower border of 
each box are the upper and lower quartiles. Maximum and 
minimum values within one interquartile range are depicted by 
the vertical whiskers. Outlying data are shown by points. 
Number of measurements per horse: horse 115; horse 2=15; 
horse 3=15; horse 4=10; horse 5=10; horse 6=5; horse 7=10; 
horse 8=15. 
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Table 1 Median (range) values for aortic diameter, measured from 2-D echocardiography. Paired Student’s t test 
revealed no significant difference in vessel diameters during the infusion periods (P=0.95). Mean difference from 
control=difference between diameters at each infusion rate of dobutamine and control value 
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Control 
0.9% halothane 





No. of horses 
Aortic diameter (cm) 
Difference from control (cm) 


8 
7.10 (6.53-7.58) 


Dobutamine Dobutamine 
2 pg kgm? 4 ug kg! min“! 
7 5 


7.07 (6.48-7.50) 
—0.01 (~0.14 to 0.12) 


7.16 (6.48-7.65) 
0.07 (—0.30 to 0.4) 
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Figure 4 Box and whisker plot of differences in cardiac output 
(CO) measured by HPRF Doppler echocardiography and the 
average of three consecutive thermodilution (therm.) 
measurements in each of eight anaesthetized horses. Differences 
in CO are measured in litre mint. The horizontal dividing line 
in each box is the median value, the upper and lower border of 
each box are the upper and lower quartiles. Maximum and 
minimum values within one interquartile rangs are depicted by 
the vertical whiskers. Outlying data are shown by points. 
Number of measurements per horse: horse 1=15; horse 2=15; 
horse 3=15; horse 4=10; horse 5=10; horse 6=5; horse 7=10; 
horse 8=15. 


for HPRF estimates and —18% to 48% for CW 
estimates. The product moment correlation coeffi- 
cients for the two methods of insonation were 0.92 
(CW) and 0.93 (HPRF). 

The calculated bias between estimates from both 
insonation modes and thermodilution differed 
significantly between horses (P<0.0001) (figs 3, 4). 
When mean bias was calculated as the average of 
values calculated for each individual horse, bias for 
CW estimates was 4.4 litre min`! and that for 
HPRF, 1.3 litre min~!. The sp of bias between 
horses were 3.0 litre min`! (HPRF) and 3.1 litre 
min`! (CW)..The limits of agreement between tech- 
niques for an individual horse were +6.4 litre min`! 
(HPRF) and +7.6 litre min`! (CW), represent- 
ing +23% and +28% of mean cardiac output, 
respectively. 

There were no significant changes of clinical 
importance in aortic diameter with any infusion rate 
of dobutamine(table 1). 


Discussion 


Estimations of cardiac output by -transoesophageal 
Doppler echocardiography showed a close linear 
relationship with measurements obtained by 
thermodilution. In addition, the limits of agreement 


between the two techniques, expressed as a percent- 
age of mean cardiac output, were narrower in this 
study than those determined for humans. In human 
studies, blood flow across the mitral and pulmonary 
valves, not the aortic valves, was used most com- 
monly to obtain velocity spectra for measurement of 
VTI.22-26 Mitral and pulmonary blood flows were 
chosen because of superior alignment with the ultra- 
sound beam from an oesophageal transducer in 
humans. The poor correlations (0.65-0.80) and 
wider limits of agreement obtained in these studies 
probably reflect difficulties in measurement of mitral 
and pulmonary valve areas.?? In biped species the 
descending aorta runs parallel to the oesophagus, 
therefore it is difficult to align aortic blood flow and 
ultrasound from an oesophageal transducer. One 
group of workers compared cardiac output calcu- 
lations from human aortic blood flow profiles 
obtained by transoesophageal echocardiography 
with measurements by thermodilution.?® Because of 
the wide angle of incidence between the beam and 
the descending aorta, the device was calibrated by 
calculating a constant from a second transcutaneous 
Doppler transducer placed in the suprasternal notch. 
Using this technique these workers obtained a corre- 
lation of 0.91 between the two techniques and limits 
of agreement within 26% of mean cardiac output. 
Recently, a similar study failed to reproduce these 
results, obtaining limits of agreement between the 
two techniques of —44% to +36% of mean cardiac 
output by thermodilution.?® Because of poor agree- 
ment between methods, the authors concluded that 
the technique could not replace estimation of cardiac 
output by the thermodilution method. Difficulty in 
aligning with aortic blood flow and poor results 
when pulmonary or mitral blood flow is used have 
ensured that transoesophageal Doppler echocardio- 
graphy is not used widely for monitoring cardiac 
output in anaesthetized humans. 

In horses and other quadrupeds, the anatomical 
relationship of aorta and oesophagus differs from 
humans, and a transducer within the oesophagus can 
be aligned with blood flow in the ascending aorta. 
This probably explains why the agreement and linear 
relationships obtained by transoesophageal tech- 
niques in horses are better than those reported in 
human studies. The correlations obtained in the 
equine transoesophageal studies were similar to 
those obtained in many human studies using 
transthoracic echocardiography.3°33 Cardiac output 
estimations using transthoracic Doppler echocardio- 
graphy are now used widely in human medicine,® 
and it is generally accepted that estimates derived 
from Doppler echocardiography agree as well with 
the standard methods (Fick principle, thermal and 
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dye dilution) as the standard methods agree with 
each other.” 

Similar studies have been performed in standing 
horses when cardiac output estimations from aortic 
velocity spectra derived by transthoracic echocardio- 
graphy were compared with measurements made by 
thermodilution.'!® Overall the linear relationship and 
limits of agreement of the two techniques were con- 
sistently worse from the transthoracic studies in 
standing horses than was found in our transoeso- 
phageal study in anaesthetized horses. Poor align- 
ment with aortic blood flow would consistently 
underestimate volumetric flow, but have little effect 
on the limits of agreement. In previous transthoracic 
studies in standing horses the narrowest limits of 
agreement were —12.9 to 11.8 litre min™!,’5 com- 
pared with —7.7 to 9.1 litre min™! in this study. As 
the technique of vessel area measurement was simi- 
lar in both methods, the narrower limits of agree- 
ment in the transoesophageal study must reflect 
more consistent alignment with blood flow in indi- 
vidual horses. The reference long axis 2-D image 
obtained from transoesophageal echocardiography 
that was used to guide placement of the Doppler 
sample volume was repeatable in every horse and the 
image did not appear to vary between individuals. !3 
Marked inter-subject variation in correlation 
between transthoracic Doppler measurements of 
cardiac output and those from the thermodilution 
and Fick methods has been reported previously in 
humans.*® Analysis of inter-subject variation in this 
study revealed significant differences in bias and 
limits of agreement in individual horses. This vari- 
ability of bias could result from altered alignment 
between ultrasound beam and aortic flow, or from 
inaccurate vessel area measurement in individual 
subjects. In a study in humans,?® this inter-subject 
variability remained after flow area was removed 
from the calculation of cardiac output, corroborating 
the findings of other workers that there was marked 
variation in alignment between ultrasound beam and 
aorta in individual patients during transthoracic 
echocardiography.?7 38 The within-subject variation 
caused by the requirement to realign the ultrasound 
transducer with blood flow for each repeated 
measurement in an individual during transthoracic 
echocardiography should also be minimized in trans- 
oesophageal echocardiography, as once in position, 
the transducer remains fixed in the oesophagus. 
Unfortunately other workers have not analysed 
within-subject variation in bias and limits of agree- 
ment in previous comparison studies, and therefore 
it ig not possible to compare the equine data with 
other species. However, data from this study indi- 
cated the important effects of patient variation on 
bias and agreement between techniques, a situation 
which is likely to occur in humans in addition to 
horses. 

It is generally accepted that inaccuracy in the 
determination of flow area is the major source of 
error in the Doppler technique.3!39 Because of 
difficulties in its accurate measurement, it has been 
suggested by some workers that velocity time 
integral (VTT) alone can be used to reflect changes in 
stroke volume,°9 as a strong relationship has been 
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demonstrated between the two variables.*738 The 
product of VTI and heart rate (minute distance) has 
also been proposed as an accurate and repeatable 
indicator of cardiac output.4! McLennan and 
coworkers?! showed that im vitro the method 
detected changes in flow rate of 33% with 95% 
certainty, a sensitivity which is similar to that of the 
thermodilution technique im vitro under conditions 
of pulsatile flow. In our studies, no significant 
measurable differences in aortic diameter were 
found at different cardiac output levels so that omis- 
sion of vessel area from flow calculations in anaes- 
thetized horses may be worthy of consideration. It is 
possible that failure to detect changes in diameter 
may reflect the poor sensitivity of the 2-D ultrasound 
measurement method, rather than indicating that 
aortic area is unaffected by stroke volume. Omission 
of vessel area measurement would also remove 
another source of inter-subject variation. Use of 
standard area measurements similar to the normo- 
grams used for aortic diameter derivation in human 
studies*? may have further narrowed the limits of 
agreement determined for the pooled data in this 
study. 

Continuous wave Doppler echocardiography has 
been used for computation of aortic flow in humans, 
using both transthoracic3??33 and transoesophageal 
techniques.?378 Most of the early studies reported in 
the medical literature were performed using CW 
insonation as accuracy of range gated CHPRF) 
Doppler was poor until the advent of fast Fourier 
transform analysis.”? In humans, the size of the 
HPRF ultrasound transducer limited access to the 
suprasternal window, the echocardiographic view 
providing most consistent and accurate alignment 
with aortic blood flow. This practical difficulty also 
encouraged use of the CW method. In the CW tech- 
nique, maximum velocity is used to delineate the 
bounds of the flow velocity envelope for calculation 
of the velocity time integral. The spectra produced 
from CW studies are complex as they are formed 
from velocity information from along the depth of 
the beam. It is therefore possible that maximum 
velocity comes from a site other than in the aorta. 
Theoretically, maximum velocity should occur at the 
narrowest point in the circulation, which for the 
aorta and left ventricular outflow tract should be the 
aortic valve annulus. It has been shown that maxi- 
mum velocity is less sensitive to poor angulation 
than the modal velocity, used in the HPRF studies,” 
and this may explain why some authors found better 
agreement between Doppler and thermodilution 
when CW rather than HPRF insonation was used.* 
In this study the magnitude of the bias was increased 
when spectra were derived using CW Doppler echo- 
cardiography. As maximum, rather than median, 
velocity is used to obtain VTI this is not surprising. 
However, the limits of agreement between Doppler 
and thermodilution measurements were also slightly 
wider when the CW mode of insonation was used. 
The reason for this is unclear, as use of the maxi- 
mum velocity should produce a positive bias, but 
have no effect on the agreement between the two 
techniques. As the transoesophageal echocardio- 
graphy probe was not moved between recording 
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alternate HPRF and CW velocity spectra, the wider 
limits of agreement cannot be attributed to altered 
alignment. It is possible that in some individuals the 
CW technique detected a maximum velocity that 
came from the left ventricular outflow tract or from 
accelerated flow around the aortic arch providing a 
further source of between-subject variation. 

In conclusion, we have demonstrated that trans- 
oesophageal Doppler echocardiography provided a 
useful alternative to thermodilution for measure- 
ment of cardiac output in anaesthetized horses. This 
infers that transoesophageal echocardiography may 
provide an alternative method of cardiac output 
estimation in other smaller quadruped species in 
whom cardiac catheterization and instrumentation is 
difficult or inappropriate. 
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Effect of halothane, isoflurane and desflurane on lower oesophageal 


sphincter tone 


D. CHASSARD, J. P. TOURNADRE, K. R. BERRADA, B. BRYSSINE AND P. BOULETREAU 


Summary 


We have studied the effects of volatile anaesthetics 
on lower oesophageal sphincter (LOS) tone in 
three groups of eight pigs allocated randomly to 
receive end-tidal concentrations of 0.5, 1.0 and 1.5 
MAC of desflurane, isoflurane or halothane for 15 
min. LOS and oesophageal barrier pressures (BrP = 
LOSP — gastric pressure) were measured using a 
manometric method. The decrease in BrP paral- 
leled the decrease in LOS pressure and was signif- 
icant at 0.5 MAC for isoflurane and at 1.0 MAC for 
halothane. At 1.5 MAC, BrP values were approxi- 
mately 62% of baseline values for halothane, 37% 
for isoflurane and 83% for desflurane. Inter-group 
comparisons showed that BrP did not differ at 
baseline and at 0.5 MAC. At 1.0 MAC the effect of 
isoflurane on BrP was significantly different from 
desflurane {P < 0.001) and halothane (P < 0.02) 
whereas the effect of desflurane on BrP was not 
significantly differant from halothane. At 1.5 MAC 
the effect of isoflurane on BrP was significantly dif- 
ferent from desflurane (P < 0.01) and halothane (P 
< 0,05) whereas the effect of desflurane on BrP was 
not significantly different from halothane. We con- 
clude that desfiurane maintained BrP and this may 
be clinically important in patients at high risk of 
regurgitation. (Br. J. Anaesth. 1996; 77: 781-783) 


Key words 
Anaesthetics volatile, halothane. Anaesthetics volatile, 
Isoflurane. Anaesthetics volatile, desflurane. 
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Induction and maintenance of anaesthesia can be 
achieved in patients breathing spontaneously by 
administration of volatile anaesthetic agents. 
Halothane is used widely in children for induction of 
anaesthesia via a face mask! (a situation with a high 
risk of pulmonary aspiration”). Halothane, isoflurane 
and desflurane are used for maintenance of anaes- 
thesia.? The lower oesophageal sphincter (LOS) can 
be altered by anaesthetics. It has been reported pre- 
viously that thiopentone,* opioids, neuromuscular 
blocking agents and benzodiazepines’ affect the 
competency of the LOS. During anaesthesia it is 
important to be aware of these effects because a 
decrease in LOS tone is associated with an increased 
risk of regurgitation.©? Therefore, it is clinically 


relevant to evaluate the effects of these anaesthetics 
on LOS tone. Anaesthetics which decrease lower 
oesophageal pressure (LOSP) decrease the efficacy 
of the oesophageal barrier pressure (BrP = LOSP — 
gastric pressure) leading to regurgitation of gastric 
contents during the perioperative period.* 
Therefore, this study was designed to compare the 
effects of halothane, isoflurane and desflurane on 
LOS tone in pigs using a manometric method. 


Materials and methods 


After obtaining approval from our institutional animal 
care committee, we studied 24 pigs (weight 22-25 kg). 
Ketamine 8 mg kg™! was given i.m. as premedication 
and propofol 2 mg kg™! i.v. for tracheal intubation. 
Neuromuscular blocking agents were not given during 
the study. The lungs of the pigs were ventilated 
mechanically by an Ohmeda ventilator incorporated 
into a Modulus CD integrated anaesthetic machine 
(Madison, WI, USA) with a tidal volume of 15 ml kg™! 
at a ventilatory frequency of 12-15 bpm. Ventilation 
was adjusted to obtain normocapnia at baseline (end- 
tidal carbon dioxide partial pressure of 4.6-5.6 kPa), 
the fractional inspired concentration of oxygen was set 
at 0.60 and pulse oximetry (Spo,) was monitored con- 
tinuously using the Ohmeda oximeter attached to the 
tail of the pig. After measurement of baseline values for 
LOS pressures, pigs were allocated randomly to one of 
three groups: halothane (n = 8), isoflurane (n = 8) or 
desflurane (n = 8). The inhaled anaesthetic was intro- 
duced and end-tidal concentrations were maintained 
at 0.5, 1 and 1.5 MAC for 15 min. End-tidal concen- 
trations of each volatile agent were fixed according to 
previous studies in pigs. End-tidal concentrations of 
0.5, 1.0 and 1.5 MAC were 0.60%, 1.20% and 1.80% 
for halothane,® 1.05%, 2.10% and 3.10% for isoflu- 
rane? and 5%, 10% and 15% for desflurane.!° 
Halothane, isoflurane and desflurane were vaporized 
using Ohmeda vaporizers (Fluotec 5, Isotec 5 and Tec 
6; Steeton, WY, USA). End-tidal anaesthetic concen- 
trations were measured using a calibrated respiratory 
gas analyser (Ohmeda, Madison, WI, USA). 
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LOS PRESSURE MEASUREMENT 


LOS and gastric pressures were measured with the 
pig supine using perfused polyethylene catheters 
connected to pressure transducers. Transducers 
were zeroed to the mid-chest position and calibrated 
using a water column before each measurement. 
Pressures were recorded using a multiple channel 
recording system. The first readings for LOSP were 
obtained 8-10 min after induction of anaesthesia. 
The method for LOS pressure measurements has 
been described previously!!: catheters were perfused 
constantly with water by a low-compliance infusion 
pump at 1 ml min™ (compliance 200 mm Hg 
min~!), The high-pressure zone was detected with a 
pull-through technique. 


DATA ANALYSIS 


Results were expressed as mean (SD). Statistical sig- 
nificance was determined by one-way analysis of 
variance for repeated measures for intra-group com- 
parisons and by two-way analysis of variance for 
repeated measures for inter-group comparisons 
(CSS statistica; Statsoft, Tulsa, OK, USA). When sig- 
nificance was found, a post hoc test (Newman-Keuls 
test) was used to determine where the differences lay. 
P < 0.05 was considered statistically significant. 


Results 


The effects of halothane, isoflurane and desflurane 
on lower oesophageal pressures and barrier pressures 
are shown in figure 1 and table 1. 

‘Despite the fact that the mean values of LOSP in 
the isoflurane group were 24% and 22% greater than 
the mean values in the desflurane and halothane 
groups, respectively, there was no significant differ- 
ence in LOSP at baseline between the three groups 
(halothane 19.4 (5.6) mm Hg; isoflurane 24.1 (6.4) 
mm Hg; desflurane 19.7 (3.8) mm Hg). Both 
halothane and isoflurane produced a dose-related 
decrease in LOSP whereas desflurane had no effect. 
This decrease was apparent at 1 MAC for halothane 
and isoflurane whereas none of the three anaesthet- 
ics decreased LOSP significantly at 0.5 MAC. At 1.5 
MAC, LOSP values were approximately 72% of 
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Figure 1 Effects of isoflurane, halothane and desflurane on 
lower oesophageal sphincter pressure (LOSP) at equipotent 
concentrations (mean, SD). **P < 0.01 compared with baseline. 
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Table 1 Effects of isoflurane, halothane and desflurane at 0.5, 1 
and 1.5 MAC on oesophageal barrier pressure (mm Hg = lower 
oesophageal sphincter pressure—gastric pressure) (mean (SD)). 
*P < 0.05, **P < 0.01 compared with baseline; +P < 0.05 
compared with desflurane and halothane (see text for P values 

< 0.05) 


Baseline 0.5 MAC 1.0 MAC 1.5 MAC 
Isoflurane 15.4 10.2 5.6 5.8 

(5.0) (5.2)* (3.8)**ł (5.4)**+ 
Halothane 13.1 12.4 9.4 8.3 

(5.5) (6.2) (5.0)* (5.2)** 
Desfiurane 12.0 11.4 11.1 10 

(5.8) (4.9) (5.8) (6.0) 


baseline values for halothane, 56% for isoflurane and 
86% for desflurane. 

BrP decreased in parallel with the decrease in 
LOSP and this was significant at 0.5 MAC for isoflu- 
rane and 1.0 MAC for halothane. At 1.5 MAC, BrP 
values were approximately 62% of the baseline 
values for halothane, 37% for isoflurane and 83% for 
desflurane. Inter-group comparisons showed that 
BrP was not different at baseline and at 0.5 MAC. At 
1.0 MAC the effect of isoflurane on BrP was signifi- 
cant different from desflurane (P < 0.001) and 
halothane (P < 0.02) whereas the effect of desflurane 
on BrP was not significantly different from 
halothane. At 1.5 MAC the effect of isoflurane on 
BrP was significantly different from desflurane (P < 
0.01) and halothane (P < 0.05) whereas the effect of 
desflurane on BrP was not significantly different 
from halothane. 


Discussion 


We have demonstrated that a marked reduction in 
BrP occurred at 1 and 1.5 MAC of isoflurane and 
halothane whereas no changes were seen during 
administration of desflurane at equipotent MAC 
values. 

Volatile anaesthetics have variable effects on 
LOSP and BrP. One study in humans reported that 
halothane and enflurane in combination with nitrous 
oxide decreased LOSP.!2 However, nitrous oxide 
was introduced before halogenated agents and it 
induced a more significant decrease in LOS pressure 
than after the introduction of halogenated agents. In 
addition, both agents were given at an inspiratory 
concentration of 2% without monitoring end-tidal 
anaesthetic concentrations. Giving the same inspira- 
tory concentration of enflurane and halothane leads 
to different end-tidal concentrations (1.0 MAC is 
0.29% for halothane in 50% nitrous oxide in oxygen 
and 0.57% for enflurane in 50% nitrous oxide in 
oxygen for humans). In contrast, one study per- 
formed in dogs showed that 1 h of exposure to 
0.5-1% enflurane had no effect on LOSP.'3 
However, this study was inconclusive because the 
MAC of the halogenated agent was not corrected for 
species (1.0 MAC of enflurane in dogs is 2.10%). 

MAC values greater than 1.5 were impossible to 
obtain because of the design of the desflurane vapor- 
izer. The Tec 6 vaporizer is manufactured for use in 
humans. MAC 2.0 is 12-14% in humans whereas it 
is approximately 20% in swine. The Tec 6 vaporizer 


Inhaled anaesthetics and lower oesophageal sphincter 


does not allow inspiratory concentrations greater 
than 18%. Despite this, desflurane did not cause a 
significant decrease in BrP pressure at 1.5 MAC 
whereas isoflurane and halothane decreased BrP 
pressure at 1.0 MAC. There is no previous study on 
the effect of desflurane on BrP pressure to compare 
with our data. Failure of desflurane to affect BrP 
cannot be attributed to the difference in blood- 
muscle gas equilibration because BrP was measured 
after end-tidal concentrations of anaesthetic had 
been stable for 15 min. In humans, the 
blood—muscle partition coefficient of desflurane 
(2.02) is lower than those of halothane (3.4) and 
isoflurane (2.92).!415 Therefore, difference in equili- 
bration between LOS muscle and end-tidal gas con- 
centrations cannot explain the difference found. The 
absence of an effect of desflurane on LOS could be 
because of sympathetic nervous system activation 
which is known to occur when desflurane is adminis- 
tered alone.'® In clinical practice, we usually use 
nitrous oxide to maintain anaesthesia. Because this 
agent decreases LOSP, its use may have attenuated 
the LOS responses observed during desflurane 
anaesthesia. Confirmation of this hypothesis 
requires a different study design. 

The choice of anaesthetic technique and animal 
are probably important factors in the study of the 
effects of inhaled anaesthetics on LOS. Thus 
potential criticisms of our study design include the 
use of ketamine and propofol before administra- 
tion of inhalation anaesthesia. However, ketamine 
is assumed not to influence LOSP.!! In pigs, we 
showed recently that ketamine i.m. followed by 
propofol at a higher dose than that used in this 
study (5 mg kg™! instead of 2 mg kg~!) had no 
effect on LOS.!7 In addition, all animals received 
the same induction dose. As in humans, the mus- 
culature of the porcine LOS consists of smooth 
muscle fibres.!8 Moreover, it has been shown that 
the porcine LOS exhibits responses to various 
stimuli similar to that in humans.!® Therefore, 
these results obtained in pigs could be applied to 
humans. 

The lungs of all animals were ventilated mechani- 
cally before measurement of baseline LOS pressure 
and before introduction of the halogenated agents. 
This allowed us to obtain constant tidal volumes 
throughout the study. This is important because the 
pressure at the oesophago~gastric junction is created 
not only by contraction of the smooth muscles of the 
LOS but also by the striated muscle of the crural 
diaphragm.?° All changes in pulmonary volumes 
could influence LOS recording. However, LOS 
pressures were measured at the end of expiration, a 
technique which minimizes the influence of respira- 
tion on LOS pressure recording.* Therefore, to cóm- 
pare LOS pressure from baseline to 1.5 MAC, the 
lungs of pigs were ventilated mechanically during 
baseline measurements. 

In summary, in this animal study we have shown 
that in contrast with desflurane, both halothane and 
isoflurane decreased oesophageal barrier pressure. 
This finding may be clinically important in patients 
with a high risk of regurgitation. 
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SHORT COMMUNICATIONS 





Distinguishing cerebrospinal fluid from saline used to identify the 


extradural space 


B. A. Z. EL-BEHESY, D. JAMES, K. F. Kou, N. HIRSCH AND S. M. YENTIS 


Summary 


Because of the potentia! seriousness of unrecog- 
nized dural puncture during the performance of 
extradural analgesia and the widespread use of 
normal saline for the “loss of resistance” tech- 
nique, it is important to differentiate between cere- 
brospinal fluid (CSF) and saline dripping from the 
extradural needle. During insertion of lumbar 
drains in 10 neurosurgical patients, we first identi- 
fied the extradural space using saline for Joss of 
resistance. Temperature (using the back of the 
gloved hand), pH, glucose and protein (using urine 
tasting sticks) were tested by a blinded observer 
for ability to distinguish saline aspirated from the 
extradural space from CSF aspirated on establish- 
ing the dural puncture. Temperature, glucose and 
protein were independently 100% accurate in dis- 
tinguishing saline from CSF. One saline sample 
had a pH value greater than 7 compared with nine 
CSF samples. We conclude that simple bedside 


testing for temperature, glucose, protein and pH’ 


accurately distinguished between CSF and saline 
used to identify the extradural space. (Br. J. 
Anaesth. 1996; 77: 784-785) 


Key words 
Anaesthetic techniques, extradural. Cerebrospinal fluid. 
Spinal cord, extradural space. 


Accidental dural puncture is a recognized complica- 
tion of extradural anaesthesia.! It is important to 
recognize this immediately, as subsequent injection 
of local anaesthetic intended for the extradural space 
may produce unexpectedly extensive blocks.” 
Although dural puncture is indicated usually by free 
flow of cerebrospinal fluid (CSF) through the 
extradural needle, this may not always be the case, 
and CSF may drip only slowly from the needle hub. 
If saline is used to identify the extradural space, 
using a “loss of resistance” technique, the anaes- 
thetist may be uncertain if any clear fluid dripping 
from the needle is saline or CSF. Properties of CSF 
which have been used to identify it include tempera- 
ture, glucose and protein content, pH and the 
absence of turbidity on mixing with thiopentone; 
however, these tests have been compared in relation 
to distinguishing CSF from local anaesthetic, for 
example after extradural anaesthesia.* In addition, 


the effect of injecting saline into the extradural space 
on the properties mentioned above has not been 
determined. As most dural punctures occur during 
placement of the extradural needle,! and saline is 
used more widely for loss of resistance than local 
anaesthetic solutions,! it would be more relevant 
clinically to compare these methods of distinguishing 
CSF from saline aspirated from the extradural space 
through the needle. 


Methods and results 


After obtaining medical Ethics Committee approval 
and informed consent, we studied patients undergo- 
ing neurosurgery that required insertion of a lumbar 
drain as part of the procedure (or as the actual pro- 
cedure). General anaesthesia was induced according 
to the individual anaesthetist’s preference (except in 
two patients who had insertion of lumbar drains only 
during local anaesthesia). The patient was then 
turned to the left lateral position and the extradural 
space identified with a 14-gauge lumbar drain needle 
using loss of resistance to saline. On identifying the 
extradural space, 10 ml of saline were injected in the 
space and 0.2-1.0 ml was aspirated into a 2-ml 
syringe. If none of the saline could be aspirated, 
another 5 ml of saline were injected and if still none 
could be aspirated the patient was excluded from the 
study. After aspirating saline, the needle was 
advanced through the dura and a similar volume of 
CSF was aspirated in another 2-ml syringe. Passage 
of the subarachnoid drain and further management 
continued as standard practice. The syringes were 
labelled as A or B according to randomly assigned 
instructions, and handed to a second investigator 
who was unaware of the allocation. The blinded 
investigator then immediately tested the temperature 
of a drop of the contents of each syringe on the back 
of his gloved hand to decide if it felt “warm” or 
“cold”. Both fluids then were tested for glucose, 
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Table 1 Results of stick testing of saline and cerebrospinal fluid (CSF) samples obtained through the Tuohy needle 
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protein and pH using urinary testing sticks. Data 
were analysed using Fisher’s exact test. 

Eighteen patients were recruited into the study. 
Eight were excluded because it was impossible to 
aspirate sufficient saline after an additional 5 ml of 
saline. The remaining 10 comprised six females and 
four males, mean age 45 (range 25-63) yr. The 
neurosurgical procedures carried out included five 
trans-sphenoidal hypophysectomies, two lumbar 
drain insertions, one transoral odontoidectomy, one 
transoral Cl biopsy and one excision of cervical 
neurofibroma. 

The results of temperature and stick testing are 
shown in table 1. None of the saline samples tested 
positive for glucose or protein or was warm to the 
touch, compared with all 10 of the CSF samples 
(P=0.0001, two-tailed Fisher’s exact test). One 
saline sample had a pH value >7, compared with 
nine CSF samples (P=0.0001, two-tailed Fisher’s 
exact test). There were no incidences of bloody tap. 


Comment 


Anaesthetists have used different techniques for dis- 
tinguishing saline from CSF during identification of 
the extradural space using saline for the loss of resist- 
ance test. Observation of free flow of CSF alone has 
been shown to be unreliable.? In this study, despite 
its small size, we have demonstrated that subjective 
testing for temperature of the fluid and simple bed- 
side objective testing using urinary testing sticks can 
reliably distinguish CSF from saline, even when 
obtained from the extradural space. Although dural 
puncture in our study was produced with a 14-gauge 
needle, there is no reason to suppose the results 
would be different if a 16-gauge needle had been 
used. 

Although saline normally does not contain glucose 
or protein, a positive test may theoretically result 
from blood contamination or CSF diffusion to the 
extradural space.” Our study showed that even on 
injection of saline into the extradural space it still 
tested negative for both. Earlier studies that tested 
for glucose to differentiate CSF from local anaes- 


CSF 

Glucose Protein pH Temp 
+ + 8 Warm 
+ + 8 Warm 
+ + 8.5 Warm 
+ + 7.5 Warm 
+ + 7.5 Warm 
+ +H 5 Warm 
Trace +H 8.5 Warm 
Trace + 8.5 Warm 
‘Trace + 8 Warm 
Trace + 8 Warm 


thetic injected previously into the extradural space 
showed that positive testing for glucose did not 
necessarily imply that the tested fluid was CSF.45 
The consistent result of glucose testing in our study 
may represent different properties of local anaes- 
thetic solutions and saline, or because saline was 
aspirated immediately after injection, thus not pro- 
viding sufficient time for contamination with glucose 
from the extradural space or vessels. Alternatively, 
injection of 10 mi of saline into the extradural space 
may have diluted any contamination with glucose or 
protein. However, of interest is the fact that even 
after injection of this volume and an additional 5 ml, 
eight patients had to be excluded because insuffi- 
cient volume of saline could be aspirated. We have 
no explanation for the variation in saline pH values 
obtained; the same manufacturers’ products (both 
saline and testing strips) were used in all cases. It is 
possible that for estimation of pH using testing 
strips, subjective judgement as to which of the 
manufacturer’s supplied colour bands best matches 
the sample’s indicator colour is less reliable than 
with the other tests. 

Finally, it is important to emphasize that this study 
showed that testing for only temperature, glucose, 
protein and pH were useful at the time of identify- 
ing the extradural space with the needle. The use 
of aspiration testing and the test dose of local 
anaesthetic after insertion of the catheter are still 
mandatory. 
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Use of a pneumatic tourniquet induces changes in central 


temperaturet 


J.-P. ESTEBE, A. LE NAOURES, Y. MALLEDANT AND C. ECOFFEY 


Summary 


Twenty-six patients requiring orthopaedic surgery 
were anaesthetized and oesophageal and rectal 
temperature were monitored continuously. Twenty 
patients requiring a pneumatic tourniquet were allo- 
cated prospectively to one of two groups: passive 
group (Pg) with reflective insulation on all available 
skin surface (n=10) and forced group (Fg), with 
active warming by a forced air system (n=10). Six 
patients without a tourniquet were used as a refer- 
ence group (Rg). The pneumatic tourniquet time 
was similar in the tourniquet groups. During tourni- 
quet inflation, oesophageal temperature increased 
with time. The difference was significant compared 
with the reference group at approximately 20 min. 
At about 30 min, oesophageal temperature in group 
Fg was significantly higher than that in group Pg. 
After tourniquet deflation, temperature decreased 
transiently. Changes in rectal temperature were 
similar but delayed significantly. A mechanism to 
explain the increase in core temperature during 
pneumatic tourniquet use remains unclear. A redis- 
tribution mechanism by cooling of the blood in a 
cold and vasodilated limb could explain the 
decrease of temperature after tourniquet deflation. 
(Br. J. Anaesth. 1996; 77: 786-788) 


Key words 
Surgery, orthopaedic. 
Temperature, monitoring. 


Equipment, tourniquets. 





The use of a pneumatic tourniquet for “bloodless- 
field” surgery is common in orthopaedic practice. 
However, its use is known to cause many adverse 
effects!: it has been noted that central temperature 
increases progressively in paediatric patients while 
the limb tourniquet is inflated,?3 but not in adults. 
On the other hand, a significant decrease in core 
temperature occurs abruptly after tourniquet 
release.* 

In order to clarify temperature changes during 
tourniquet use, we have compared oesophageal and 
rectal temperatures during and after a prolonged 
period of tourniquet inflation in adults. 


Methods and results 
We studied 26 male adult patients (range 18—45 yr), 


ASA PS I-I, undergoing orthopaedic surgery. The 
study was approved by the local Ethics Committee 
and informed written consent was obtained from 
each patient. Patients were healthy and none was 
taking medication. They had no evidence of infection 
and were not given blood or blood products. 

Twenty of 26 patients were scheduled prospec- 
tively for fixation of a single lower extremity fracture 
using the pneumatic tourniquet for a prolonged 
period (>60 min). Patients with multiple trauma or 
short periods of tourniquet inflation were excluded. 
After induction of general anaesthesia, an 8-cm 
tourniquet cuff was applied around the upper thigh 
of the operative limb. For exsanguination, the leg 
was elevated for 5 min at 45° before tourniquet infia- 
tion. Arterial flow was occluded with a pressure of 
350 mm Hg. For ethical reasons, the reference group 
(Rg) was studied without randomization and served 
only as a standard reference. Successively, six 
patients were included in group Rg: three patients 
undergoing the same surgery but with tourniquet 
contraindications (skin lesion or excessive oedema) 
and three patients where a tourniquet was not indi- 
cated (intramedullary nailing of shaft fractures of the 
tibia). 

Premedication was not given and anaesthesia 
was induced with thiopentone 4-6 mg kg~! i.v. and 
fentanyl 3 ug kg~! i.v. No neuromuscular blocking 
agents were used. After tracheal intubation, the 
lungs were ventilated mechanically with 60% nitrous 
oxide in oxygen in a semi-closed system without any 
volatile anaesthetic. Additional doses of fentanyl 
(5-10 ug kg! h7?) or thiopentone (1.3-2.5 mg kg™! 
h`!) were given as needed. A minimal infusion of 
lactated Ringer’s solution at room temperature was 
given. Ambient temperature was controlled at 20°C. 
For all patients, routine monitoring included elec- 
trocardiography, pulse oximetry, end-tidal carbon 
dioxide and arterial pressure measurements. 

Twenty patients were allocated randomly to one 
of two groups using a sealed envelope technique. In 
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Figure 1 Change in oesophageal temperature (mean, SEM) in patients with a tourniquet 
undergoing active warming (group Fg) (@) or passive insulation (group Pg) (—) and in 
patients without a tourniquet (group Rg) (®). Time zero for temperature reference was 
tourniquet inflation time whereas core temperature was measured continuously as soon 
as possible after induction (for the control group time zero was surgical incision). After 
tourniquet release a new time zero for temperature reference was the time of release of 
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the tourniquet. **P<0.01 group Rg vs group Pg; {+ P<0.01 group Pg vs group Fg. 


the passive group (group Pg, n=10) the available 
skin surface was covered with passive reflective 
insulation material. In the forced group (group Fg, 
n=10) patients were covered by an active warming 
system (forced air system: Bair Hugger 500E 
Augustin medical SA at 38°C with full body 300 
blanket). Group Rg was treated with the same active 
warming procedure. As soon as possible after induc- 
tion, core temperature was measured simultaneously 
in the lower third of the cesophagus and rectally with 
thermistor probes (Hewlett Packard 21075 A 
probe). Both temperatures were monitored (Hewlett 
Packard 78364 C monitor) continuously until the 
end of surgery. There was no intervention which 
could have changed the temperature. 

Data are expressed as mean (SEM) and analysed 
using ANOVA with repeated measures. Regression 
analysis and the Mann-Whitney U test, and the 
Kruskal-Wallis test for non-parametric data, as 
appropriate, were used to determine significance 
(P<0.05). 

Patient characteristics were comparable for all 
three groups. Tourniquet times were similar (106 (7) 
min and 115 (7) min for groups Pg and Fg, respec- 
tively). Initial temperatures after induction of anaes- 
thesia were comparable. All patients had an initial 
rectal temperature (37.1 (0.1) °C) significantly 
higher (P<0.01) than the oesophageal temperature 
(36.6 (0.2) °C). 

Changes in oesophageal temperature before, 
during and after tourniquet inflation are shown in 
figure 1. Before tourniquet inflation, temperature 
decreased similarly. Exsanguination had no signifi- 
cant effect. Patients in group Rg remained nearly 
normothermic throughout surgery. In contrast, core 
temperature increased significantly in both tourni- 
quet groups and exceeded reference values at all 
times after 20 min had elapsed. Increases in group 
Fg were significantly greater than those in group Pg 
at all times after 30 min had elapsed. This central 
temperature increase correlated (P<0.001) with 


tourniquet time (r=0.98 and r=0.99 for groups Pg 
and Fg, respectively). Immediately after tourniquet 
deflation, core temperature decreased similarly in 
both tourniquet groups. The maximum mean decrease, 
10-15 min after tourniquet deflation, was 0.7 (0.1) °C. 
This decrease did not correlate significant with 
tourniquet duration and was transient. 

Changes in rectal temperature were similar but 
with a significant delay compared with oesophageal 
changes. In the tourniquet groups, pelvic tempera- 
ture increased and was significantly higher than that 
in group Rg at all times after 50 min had elapsed. 
Increases in group Fg were significantly higher than 
those in group Pg at all times after 70 min had 
elapsed. This increase correlated with time (r=0.93 
and r=0.96 for groups Pg and Fg, respectively; 
P<0.001). After tourniquet deflation, rectal 
temperature did not change. 

Progressively, in both tourniquet groups, arterial 
pressures increased significantly (systolic arterial 
pressure before tourniquet 111 (18) mm Hg and 
before release 150 (18) mm Hg, diastolic arterial 
pressure before tourniquet 59 (13) mm Hg and 
before release 89 (12) mm Hg; P<0.01). After 
release, pressures decreased significantly to a mini- 
mal level obtained 3—10 min after tourniquet release 
(P<0.01). There was a significant difference in end- 
tidal carbon dioxide concentration between the level 
just before tourniquet release (4.3 (0.3) kPa) and the 
peak 3-8 min after tourniquet release (5.9 (0.4) kPa; 
P<0.01). There was no difference between tourni- 
quet groups and no correlation with tourniquet time. 
All of these variations returned to normal 20 min 
after tourniquet release. 


Comment 


In this study the duration of tourniquet inflation 
appeared to be the main precipitating factor for the 
increase in core temperature. This increase corre- 
lated with duration of tourniquet inflation. It was 
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similar to that reported in previous paediatric studies 
where there was no significant difference between 
smaller and larger children,?? but it has not been 
described previously in adults. We have found 
similar changes in adults, with the greatest changes 
in patients who were actively warmed. 

Oesophageal temperature is monitored commonly 
in patients receiving general anaesthesia. It is con- 
sidered a true measure of core temperature and it 
responds rapidly to changes in body temperature. 
Conversely, rectal temperature correlates poorly 
with core temperature and has a significantly delayed 
response because of cooling by the legs. In our study, 
in all patients, initial rectal temperature was signifi- 
cantly higher than oesophageal temperature because 
of two possible mechanisms: delay in perioperative 
hypothermia developing and warming by blood as it 
returned from the traumatized leg. There was a delay 
when comparing changes in rectal temperature with 
oesophageal temperature but hyperthermia was not 
greater with rectal measurements. 

We postulate that the increase in core temperature 
during tourniquet inflation was caused by slow 
release of ischaemic metabolites from the extremity 
into the systemic circulation, using vascular bone as 
a tourniquet bypass.? However, when heat loss to the 
environment decreases because of reduced surface 
area while the level of heat production remains 
stable, core temperature may increase. But, as 
observed in children, hyperthermia was greater than 
predicted from the reduction in effective surface 
area.” In fact, if the surface area of each leg consti- 
tutes approximately 18% of the total body surface 
area, the estimated mass of the leg was approxi- 
mately 16% in adults. It has been suggested that 
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tourniquet ischaemia may initiate a reaction similar 
to that of malignant hyperthermia.® 

After tourniquet release, core temperature 
decreased rapidly but transiently. This significant 
decline has been described previously in adults* and 
was explained by redistribution with cooling of 
blood in a cold and vasodilated limb. Further studies 
may confirm that postoperative hyperthermia could 
be explained, in part, by tourniquet use. We also 
observed other adverse effects such as an increase in 
arterial pressure during tourniquet use and an 
increase in end-tidal carbon dioxide at tourniquet 
deflation. 
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A modification of sub-mental intubation 


J. D. GREEN AND U. J. MOORE 





Summary 


in patients who have sustained base of skull 
fractures, the mode of intubation is controversial, 
with many anaesthetists arguing against nasal 
intubation. In several maxillofacial procedures 
temporary intermaxillary fixation (IMF) in the intra- 
operative period may be essential to achieve 
optimal results in fixation. For patients with 
combined facial and base of skull injury, tracheo- 
tomy may have to be performed. The submental 
approach to intubation allows IMF to be used with- 
out resort to nasal intubation or tracheotomy. We 
describe a modification of the original technique 
which is applicable to any reinforced tracheal tube 
and which does not compromise the airway. (Br. J. 
Anaesth, 1996; 77: 789-791) 


Key words 
intubation tracheal, technique. Complications, maxillofacial 
injuries. 





Nasal tracheal intubation after severe craniomaxillo- 
facial trauma can result in the passage of the tracheal 
tube into the cranium, with consequent brain 
damage.'* To avoid this complication, oral intuba- 
tion may be preferred but this may severely 
compromise maxillofacial repair because of interfer- 
ence with the placement of intermaxillary fixation 
(IMF), which is used to establish the patient’s occlu- 
sion in the intraoperative period. In many facial 
fractures, particularly those involving the maxilla, 
this is an essential guide to optimal fracture reduc- 
tion and fixation. To enable IMF to be placed, 
tracheotomy may be indicated but this carries 
significant morbidity.*+ The use of the submental 
route for tracheal intubation has been described>® 
and provides a useful alternative route in the severely 
traumatized patient in whom establishment of intra- 
operative IMF is preferred. The technique, as 
described originally, involves insertion of an oral 
tube, the free end of which is then exteriorized 
through a submental incision and reconnected. This 
involved the use of a reinforced tracheal tube in 
which the universal connector was removed easily 
for passage through the submental tissues. These 
tubes are not always available in the operating room 
and a technique is described below to allow the use 
of this technique with tubes in which the universal 
connector is non-removable. A case report illustrates 
the clinical use of this technique. 


MODIFIED TECHNIQUE FOR SUBMENTAL 
INTUBATION 


The trachea is intubated via the oral route and a 
2-cm submental skin incision is made close to the 
lower border of the mandible. Blunt dissection is 
carried out as close as possible to the inner aspect of 
the mandible into the floor of the mouth. An incision 
is then made in the floor of the mouth sufficient to 
allow the passage of a suitable tracheal tube. During 
dissection care should be taken to ensure no damage 
occurs to the facial nerve, lingual nerve or sub- 
mandibular duct. Artery forceps may now be passed 
from the floor of the mouth out through the extra- 
oral incision to grasp a suitable tracheal tube which 
may then be drawn through the wound into the 
mouth. The original oral tube may now be with- 
drawn and the second tube substituted. When the 
cuff is inflated and a throat pack inserted, temporary 
sutures are placed to stabilize the tube. At the end of 
the procedure the process may be reversed to re- 
establish the oral route, and closure of the extra-oral 
wound may be achieved. However, the tube may be 
left im situ and removed subsequently, as described 
originally.’ 


Case report 


A 26-yr old security officer was admitted to the 
accident and emergency department of the 
Newcastle General Hospital after being found 
unconscious at the bottom of a ladder. He had 
sustained head and facial injuries. On admission he 
was conscious with a Glasgow coma score of 10 
(motor 5, eyes 1, verbal 4). He was amnesic of the 
event. On examination there was severe facial 
swelling and bruising, with a large supraorbital 
haematoma, left-sided rhinorrhoea and epistaxis. 
Both pupils responded to light; the left eye however 
showed a pulsatile exophthalmos with the globe 
displaced inferolaterally. The maxilla was freely 
mobile with the left zygoma displaced, and there 
appeared to be a comminuted fracture of the 
naso—ethmoid complex. 

Radiographic examination confirmed extensive 
facial fractures. Because of the pulsation in the left 
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Figure 1 CAT scan: three-dimensional reconstruction showing 
the extensive nature of the facial injuries. The naso-ethmoidal 
fracture can be seen in conunuity with the cranial base 


orbit a carotid angiogram was performed. This was 
normal with no evidence of a carotid—cavernous 
sinus. 

Computer axial tomography (fig. 1) showed a 
fractured frontal bone in continuity with the left 
orbital roof, anterior comminution of the naso- 
ethmoidal complex and displacement of the left 
zygoma. There were also maxillary fractures with a 
Le Fort II fracture on the right and a Le Fort III 
fracture on the left. These injuries can be seen in the 
three-dimensional reconstruction from the CAT 
scan (fig. 1). 

The patient was observed for 3 days while his 
level of consciousness improved, however the rhinorr- 
hoea persisted and repair of the dural tear and the 
maxillofacial injuries were scheduled in a combined 
procedure. In order to achieve optimal surgical 
repair, application of IMF was preferred but the 
presence of basal skull fractures rendered nasal 
intubation potentially complicated. In order to avoid 
tracheotomy we elected to perform a modified 
submental intubation. 

The patient’s lungs were preoxygenated for 4 min 
after which anaesthesia was induced with fentanyl 
200 ug and thiopentone 350 mg. Airway security 
was confirmed and, having shown that hand ventila- 
tion of the lungs was possible, vecuronium 10 mg 
were administered. Oral intubation was produced by 
passing a 9-mm id cuffed tracheal tube. 

A 2-cm incision was made in the left submental 
region parallel to the lower border of the mandible 
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Figure 2 Photograph showing submental intubation with the 
tracheal tube sutured in position 


which was extended intraorally. A 7-mm id rein- 
forced tracheal tube was then passed through the 
incision from the exterior and manoeuvred with 
McGill forceps so that it was positioned in the 
oropharynx. The oral tracheal tube was then 
removed and the patient’s trachea intubated with the 
submental tube. This was sutured in position extra- 
orally and the mouth packed (fig. 2). 

Craniotomy and dural repair were performed, the 
orbital roof was explored and then the maxillary 
fractures reduced, arch bars having been wired 
around the upper and lower teeth, and the occlusion 
established. At the end of the procedure the tracheal 
tube was replaced with a conventionally positioned 
oral tube so that the incision could be sutured and 
closed. Neuromuscular block was antagonized with 
glycopyrronium 500 ug and neostigmine 2.5 mg. 
The patient was allowed to regain consciousness 
and, after confirmation of airway security, the 
trachea was extubated. Postoperative recovery was 
unremarkable, and the operative result was satisfac- 
tory. The submental scar at 6 weeks was minimal. 


Discussion 


Altermir? first described the submental route for 
tracheal intubation in 1986. The technique allows a 
patient’s trachea to be intubated for maxillo- 
mandibular fixation and avoids nasal intubation 
and tracheotomy. More recently, Gordon and 
Tolstunov® have described the technique in the 
management of two patients. We have described 
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how the technique was modified in the management 
of a patient with severe head and facial trauma. With 
the Mallinkrodt tracheal tube used in the US, the 
universal connector can be removed easily from the 
tube. 

In past descriptions of the submental approach, 
the authors have performed oral intubation, 
removed the connector and passed the tracheal tube 
through the incision from interior to exterior, while 
the tracheal tube has been in the larynx. In this case 
a second tube was used, having first secured the 
airway with a conventionally placed oral tracheal 
tube. The reasons for this were two-fold. First, there 
was less risk of compromising the patient’s airway if 
difficulties were encountered re-attaching the con- 
nector or passing the tube through the incision. 
Second, with the tube used, a Mallinkrodt Medical 
Safety-Flex, the manufacturer’s design specifically 
prevents the removal of the universal connector, as 
does the Flexicare Medical, Reinforced Murphy 
tracheal tube. The procedure proved straightforward 
and was not associated with any marked bleeding 
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from the incision or compromise of the patient’s 
airway. 

The modification described provides a safe alter- 
native technique when oral intubation interferes with 
the surgical approach in the treatment of severe 
craniomaxillofacial injury. 
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Hepatic rupture complicating eclampsia in pregnancy 


S. Karapia, C. WALFORD, M. MCSWINEY AND M. S. NIELSEN 


Summary 

We describe hepatic rupture in a 37-yr-old woman 
admitted to the intensive care unit after an 
eclamptic convulsion. The intensive care and 
surgical management are discussed. (Br. J. 
Anaesth, 1996; 77: 792-794) 
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Hepatic rupture is a rare complication of pre- 
eclampsia or eclampsia. It, may present with lower 
chest or upper abdominal pain. Hepatic rupture may 
be associated with disseminated intravascular coagu- 
lation (DIC) and subsequent haemorrhage. In 
unremitting hepatic failure, transplantation may 
have to be considered if other treatments fail to 
control haemorrhage. 


Case report 


A healthy 37-yr-old primigravida was admitted to 
hospital 12 days post-term for induction of labour 
after a previously uncomplicated pregnancy. Arterial 
pressure was 120/72 mm Hg, haemoglobin concen- 
tration 126 g litre! and platelet count 236X10° 
litre~!, Multistix urinalysis was negative for protein. 
Labour was induced using dinoprostone pessaries 
and proceeded uneventfully for 4 h during which 
time the patient satisfactorily self-administered 
Entonox and used TENS for analgesia. No further 
requests for additional analgesia were made. Two 
hours before delivery she complained of severe lower 
chest pain. The patient was not cyanosed and 
arterial pressure and heart rate were normal. 
Clinical examination and electrocardiography were 
unremarkable. The pain stabilized after administra- 
tion of pethidine 75 mg i.m. One hour later the 
patient suffered a grand mal convulsion. The 
convulsion was controlled with diazepam 7.5 mg i.v. 

Vaginal examination revealed a fully dilated cervix 
with the fetal head 2 cm below the ischial spines. 
Neville Barnes forceps were applied and a healthy 
male infant was delivered. Manual removal of an 
incompletely separated placenta resulted in loss of 
500 ml of blood. An episiotomy wound was 
repaired. After delivery the patient’s arterial pressure 
was 180/105 mm Hg and urine was found to contain 


2+ of protein on Multistix urinalysis (equivalent to 
1 g litre™!). 

Eclampsia was diagnosed and i.v. magnesium sul- 
phate was commenced in a dose of 5 g followed by 
an infusion of 1 g h~!. Haemoglobin concentration 
was 135 g litre~!, white cell count 22.5 g litre™! and 
platelet count 10110? litre~!. Invasive monitoring 
of arterial and central venous pressures was com- 
menced in addition to pulse oximetry and urine 
output. Before transfer to the intensive care unit 
(ICU) the patient suffered a post-partum haemor- 
rhage of 1500 ml requiring an emergency examina- 
tion under anaesthesia. After anaesthesia, 
gynaecological examination revealed generalized 
oozing of blood from the external genitalia with an 
atonic uterus filled with blood clot. The blood clot 
was removed and bimanual pressure exerted to 
achieve uterine contraction. A vaginal pack was 
inserted to help tamponade the haemorrhage. Blood 
loss with this procedure was approximately 1000 ml. 
A continuous infusion of Syntocinon at a rate of 10 
u. h`?! was commenced to maintain uterine contrac- 
tion. A full blood count at this stage revealed a 
haemoglobin concentration of 96 g litre! and a 
platelet count of 62 10° litre”! with an international 
normalized ratio (INR) of 4. The patient received 6 
u. of blood and 6 u. of platelets. A dopamine infu- 
sion of 3 pg kg~! min~! was commenced and urine 
output remained at 1 ml kg! ho}. 

The patient was transferred, with her trachea still 
intubated and her lungs ventilated, to the ICU for 
further monitoring of haematological and vital signs. 
She was sedated with an infusion of midazolam 50 
ug kg~! h`! and morphine 30 pg kg™! h!l. No 
further convulsions occurred. 

Repeated infusion of FFP, platelets, cryoprecipi- 
tate and colloid were administered to maintain 
normovolaemia and coagulation function. An infu- 
sion of aprotinin 200 000 u. h`! was commenced 
after a loading dose of 1 000 000 u. Six hours after 
admission to the ICU the patient became hypoten- 
sive and developed a distended abdomen. An ultra- 
sound scan showed intraperitoneal fluid and mixed 
reflectivity in the region of the liver capsule, suggest- 
ing haemorrhage. After further prompt fluid resusci- 
tation, laparotomy was performed. At operation a 
sheared rupture of the right lobe of the liver was 
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found. The liver substance showed generalized fatty 
infiltration and petechiae. Only limited haemostasis 
was achieved and the peritoneal cavity was packed 
and the abdomen closed. After operation she was 
transferred back to the ICU where she continued to 
show cardiovascular and haematological signs of 
haemorrhage. Systolic arterial pressure was now per- 
sistently low at 90 mm Hg with a tachycardia of 110 
beat min™! and a decreasing urine output. 
Haemoglobin concentration was 96 g dl“! despite 22 
u. of blood, platelet count 46 X 10° litre~! despite 20 
u. of platelets and INR was 2.4. A further laparo- 
tomy revealed a right subcapsular haematoma of the 
liver. A right hemihepatectomy was performed as the 
only means of achieving haemostasis; subsequent 
histology showed diffuse necrosis of the architecture 
of the liver. 

After operation a pulmonary artery catheter was 
inserted. Cardiac index was 2.1 litre min“! m~? with 
a pulmonary artery wedge pressure of 11 mm Hg. 
Dobutamine was commenced at a rate of 5 pg kg} 
min`! which produced a cardiac index of 4.5 litre 
min`! m~?, Further volume replacement was neces- 
sary to maintain cardiac filling pressure. 

Despite an eventual blood transfusion of more 
than 120 u., an infusion of 20 u. of cryoprecipitate, 
42 u. of platelets and 48 u. of FFP, haemostasis was 
not achieved and the INR remained greater than 1.5. 
Two further lIaparotomies were performed to 
evacuate the intraperitoneal blood clot, replace 
intra-abdominal packs and attempt haemostasis. A 
subcapsular haematoma of the remaining left lobe 
of the liver had developed which was treated 
conservatively. 

As all conventional means of controlling haemor- 
rhage had failed, the patient was referred to a 
supra-regional liver unit for consideration of trans- 
plantation as a means of controlling bleeding. She 
was accepted and transferred using the intensive care 
transport system. The patient remained stable 
throughout the journey, requiring only 3 u. of blood. 
On arrival the patient remained stable for 24 h when 
a further laparotomy was performed to remove the 
intra-abdominal packs, evacuate the haematoma and 
to administer argon diathermy to the raw surface of 
the left lobe of the liver. At this time the vaginal 
packs were removed and the uterus and external 
genitalia examined; there was no further oozing of 
blood from these sites. After operation she was 
haemodynamically stable, her INR remained in the 
range 1.2-1.5 and renal function was satisfactory, 
with a urine output of 1 ml kg~! h72. Under these 
circumstances liver transplant was considered 
unnecessary. 

Over the subsequent 5 weeks the patient con- 
tinued to improve despite requiring treatment for 
intermittent sepsis and mild ARDS. The patient 
returned to her original hospital where she was 
reunited with her baby. 


Discussion 


Our patient developed eclampsia without any pre- 
ceding features of pre-eclampsia. Douglas and 
Redman reported recently that 38% of eclamptic 
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cases were unheralded by hypertension and pro- 
teinuria.! They stated that convulsions are one of a 
range of clinical features caused by endothelial cell 
damage secondary to placental ischaemia. The 
manifestations of the syndrome depend on the site 
and extent of endothelial cell damage and are not the 
result of a predetermined hierarchy. Convulsions 
may precede hypertension or proteinuria, as 
demonstrated in this case. 

The aetiology of the pre-eclampsia complex of 
hypertension, proteinuria and convulsions is 
unknown. DIC may occur and its severity is thought 
to be proportional to the degree of pre-eclampsia. 
DIC is a result of unregulated release of free throm- 
bin into the circulation.” Tissue factor is released 
locally at the site of tissue damage and this com- 
plexes with factor VI which results in a cascade of 
enzymic reactions required for thrombin generation. 
Damaged placental endothelium is unable to con- 
centrate antithrombin on its surface which normally 
would prevent build up of thrombin. This results in 
widespread microvascular thromboses leading to 
organ damage. To maintain vascular patency, excess 
plasmin is generated causing fibinolysis and fib- 
rinogenolysis. Generation of free thrombin and 
plasmin results in thrombotic and haemorrhagic 
manifestations, respectively, of DIC. 

Additionally, free thrombin results in a change in 
platelets such that their surfaces bind and concen- 
trate all the components of the haemostatic system. 
Platelet survival and numbers are reduced. 
Haemorrhage is the commonest manifestation of 
DIC because of generation of free plasmin and 
depletion of coagulation factors and platelets. 

Eclamptic patients are prone to spontaneous 
haemorrhages and frequently show fibrin deposition 
on the basement membrane of hepatic sinusoids and 
arterioles. It has been postulated that sensitization of 
the reticuloendothelial system of the liver by pre- 
vious subclinical pre-eclampsia may render it unable 
to clear fibrin thrombi from the circulation. As a 
result, infarction with vascular disruption may occur 
leading to intrahepatic haemorrhage and parenchy- 
mal destruction. Rarely the periportal necroses that 
result coalesce and form subcapsular haematoma 
and ultimately rupture of Glisson’s capsule with 
intraperitoneal haemorrhage.? This may be exacer- 
bated by diaphragmatic and abdominal muscular 
contractions but the underlying hepatic parenchyma 
is abnormal and a history of significant trauma can 
rarely be elicited. 

Concerning the early diagnosis of spontaneous 
hepatic rupture, Howard and Jones claimed that the 
most important presenting complaint is right upper 
quadrant pain and that ultrasound scan is the quick- 
est means of diagnosis, although computerized 
tomography is more sensitive. Our patient com- 
plained of lower central chest pain and an ultrasound 
scan demonstrated the presence of intraperitoneal 
fluid with mixed reflectivity around the hepatic area. 
Howard and Jones also stated that in such cases 
termination of pregnancy is the first step in the treat- 
ment and that surgery may not be required. They 
also stated that although elevated transaminase 
concentrations, decreased platelets and DIC occur 
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acutely, they resolve rapidly.” This was not found to 
be the case with our patient who, despite aggressive 
medical and surgical treatment, continued to show 
signs of bleeding and DIC. 

Loevinger, Lee and Anderson reported a patient 
in whom transcatheter gelfoam embolization of the 
hepatic artery was successful in arresting intra- 
hepatic haemorrhage after hepatic rupture. They 
claimed that this is an alternative to surgery if the 
patient is clinically stable. We believe that our 
patient would not have been. 

In a review of four cases between 1973 and 1976, 
Nelson, Archibald and Albo” found that all four con- 
tinued to require significant blood replacement of 
4-25 u. after laparotomy for hepatic rupture. Erhard 
and colleagues reported the case of a 30-yr-old 
primigravida who developed hepatic rupture as a 
complication of the HELLP syndrome (haemolysis, 
elevated hepatic enzymes, low platelets) who suc- 
cessfully underwent urgent hepatic transplantation 
after a hepatectomy for bleeding and hepatic 
necrosis. Nelson, Archibald and Albo claimed that 
the lesion most often described is subcapsular 
haematoma of the right hepatic lobe with free 
rupture into the peritoneal cavity and resultant 
exsanguinating haemorrhage.’ 

Hepatic rupture, although a rare complication of 
eclampsia, carries a high mortality rate. In some 
review series this was between 60 and 70%. Hence 
when the triad of pre-eclampsia, right upper quad- 
rant pain and sudden hypotension is present in preg- 
nancy or shortly afterwards, prompt recognition is 
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essential. Ultrasound scan should be performed to 
aid diagnosis, and transplantation should be consid- 
ered if medical and surgical intervention fails to con- 
trol bleeding. Any woman who develops DIC during 
or after labour must be admitted to an intensive care 
unit or a high dependency unit for monitoring. !° 
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Tolerance of laparoscopy for resection of phaeochromocytoma 


C. MANN, B. MILLaT, G. Boccara, J. ATGER AND P. COLSON 


Summary 


We describe two patients who underwent resection 
of phaeochromocytoma by a laparoscopic approach. 
Although outcome from surgery was successful, 
there was marked variability in hormonal and 
haemodynamic changes. In one patient, despite an 
infusion of nicardipine, peritoneal insufflation pro- 
duced a marked increase in catecholamine concen- 
trations associated with transient but intense 
vasoconstriction, but there was no change in the 
second patient. In both patients, exsufflation caused 
no significant haemodynamic changes in spite of 
the high doses of nicardipine given throughout the 
procedures. (Br. J. Anaesth. 1996; 77: 795-797) 


Key words 
Surgery, laparoscopy. Complications, phaeochromocytoma. 
Carbon dioxide, pneumoperitoneum. 


Surgical removal of phaeochromocytoma is a risky 
procedure because of preoperative cardiovascular 
changes, particularly during surgical manoeuvres. 
Preoperative preparation, completed during opera- 
tion by administration of antihypertensive agents, 
enables the anaesthetist to largely control the 
haemodynamic instability.3 However, acute com- 
plications may still occur.24 The laparoscopic 
approach described recently seems to be of great 
interest as it may decrease postoperative morbidity 
and it allows viewing of the whole of the abdominal 
cavity in order to reveal possible multiple tumour 
sites.> © Nevertheless, as the pneumoperitoneum may 
induce haemodynamic disturbances,’ the safety of 
this technique remains questionable. We report two 
cases in which we measured the haemodynamic 
changes induced by pneumoperitoneum during 
removal of phaeochromocytoma by a laparoscopic 
approach. 


Case reports 


PATIENT NO. 1 


A 32-yr-old woman (50 kg, 158 cm) was referred 
with a phaeochromocytoma of the right adrenal 
gland, manifest clinically as hypertension, sweating 
and severe headache. Urinary catecholamine con- 
centrations were 34 300 nmol/24 h (normal values 
150-1600 nmol). Echocardiography revealed left 
ventricular hypertrophy with a wall thickness of 17 


mm. Systolic arterial pressure (SAP), recorded 
continuously, averaged 165 mm Hg with peaks of 
240 mm Hg. Continuous ECG showed several 
episodes of supraventricular arrhythmia. Treatment 
with nicardipine 150 mg day~! and labetalol 200 mg 
day~! for 10 days did not provide satisfactory 
haemodynamic control. 

One hour before surgery and after oral premedica- 
tion with hydroxyzine 100 mg and alprazolam 0.5 mg, 
SAP was 202 mm Hg and heart rate 109 beat min™!. 
Anaesthesia was induced with fentanyl 0.5 mg, mida- 
zolam 15 mg and vecuronium 6 mg, and maintained 
with an infusion of fentanyl 1 mg h~!, midazolam 10 
mg h7! and additional bolus doses of vecuronium. No 
inhalation agents were used and patient’s lungs were 
ventilated mechanically with 60% nitrogen in oxygen 
at a rate of 15 bpm with a tidal volume of 8-10 ml 
kg~!, maintaining end-expired carbon dioxide con- 
centration at 3.5-4%. After a bolus of 2 mg, an infu- 
sion of nicardipine 4 mg h7! was given to maintain 
SAP at 140-150 mm Hg. 

A pulmonary artery catheter was inserted for con- 
tinuous measurement of cardiac output (Intellicath 
8F-Catheter and Vigilance Monitor, Baxter, USA); 
additional monitoring included invasive measure- 
ment of arterial pressure, pulse oximetry, capno- 
graphy and ECG. Blood sampling was hourly, 
performed to measure blood-gas tensions. Plasma 
concentrations of catecholamines were measured 
using high-pressure liquid chromatography (table 1). 
Normovolaemic haemodilution of 600 ml was 
undertaken using hydroxyethyl starch and 2000 ml 
were given to produce a pulmonary capillary wedge 
pressure of 18 mm Hg. After this 90-min prepara- 
tion phase, the patient was placed in a left lateral 
decubitus position of 30°. A carbon dioxide pneu- 
moperitoneum with a pressure of 10 mm Hg was 
produced for 10 min and then suddenly, a hyperten- 
sive peak (244/131 mm Hg) with a reduction in 
heart rate was observed, but without any variation in 
cardiac output (fig. 1). This episode was controlled 
rapidly with nicardipine 5 mg i.v. followed by an 
infusion of 6 mg h7}. 

The various vascular tumour pedicles were 
isolated successively using four trocars. Despite 
continuous administration of nicardipine, vascular 
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Table 1 Variations in plasma concentration of noradrenaline/adrenaline (nmo! litre~!) immediately before 
insufflation of the pneumoperitoneum (prePNP), 5 min (PNP), 1 h (PNP+1), 3 h (PNP+3) and 4h (PNP+4) after 
insufflation of the pneumoperitoneum, and 30 min after exsufflation (postPNP). (Normal values: noradrenaline 

< 4 nmol litre™!; adrenaline < 1 nmol litre™!. Dopamine concentrations were normal 
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Figure 1 Time course of changes in systolic arterial pressure 
(SAP), heart rate (HR) and cardiac output (CO) during 
pneumoperitoneum and surgical procedures in the two patients. 


clamping near the tumour caused marked haemody- 
namic changes. Supplementary bolus doses of nicar- 
dipine and bolus doses of esmolol were given when 
tachycardia or an increase in cardiac output, or both, 
were observed. After total vascular detachment of 
the tumour (fig. 1: double arrow), nicardipine was 
stopped. The tumour (6 cm in diameter) was then 
extracted via a MacBurney incision. The total pre- 
operative doses of nicardipine and esmolol were 96 
and 170 mg, respectively. At the end of the proce- 
dure, core body temperature was 36.2°C. Through- 
out the operation, Paco, had been maintained at 
4.1-4.9 kPa. The postoperative course was unevent- 
ful and antihypertensive treatment was not required. 
Analgesia comprised non-steroidal anti-inflamma- 
tory analgesics only. The patient’s trachea was 
extubated 6 h later in the recovery room and she 
was transferred to the surgical unit. Oral feeding was 
resumed at 24 h and the patient was discharged on 
the third day after operation. 





PNP+1 PNP+3 PNP+4 PostPNP 
57/3.6 154/9.8 8/2.3 107/3.3 
10.4/1.3 36/7.6 4.9/5.1 9.1/1.4 


PATIENT NO. 2 


A 64-yr-old woman (54 kg, 147 cm) was referred 
with a phaeochromocytoma of the left adrenal gland. 
The clinical picture comprised arterial hypertension, 
sweating, palpitations and Raynaud’s phenomenon. 
Urinary concentrations of catecholamines were 
13200 nmol/24 h (normal values 150-1600 nmol). 
Echocardiography revealed left ventricular hyper- 
trophy with a wall thickness of 19 mm with moderate 
aortic stenosis. Treatment with nicardipine 100 mg 
day! for 20 days stabilized arterial pressure. 

One hour before surgery and after oral premedica- 
tion with hydroxyzine 100 mg and alprazolam 0.5 
mg, SAP was 141 mm Hg and heart rate 88 beat 
min~!, Anaesthesia was induced with fentanyl 0.4 
mg, midazolam 10 mg and vecuronium 6 mg, and 
maintained by continuous infusion of fentanyl 0.4 
mg h~!, midazolam 4 mg h™! and additional doses of 
vecuronium. SAP was then stabilized at 90-100 mm 
Hg without administration of nicardipine. No 
inhalation agents were used and haemodynamic and 
ventilatory management, and blood-gas tensions 
were measured, as described for patient No. 1. 
Normovolaemic haemodilution of 500 ml was 
undertaken and 1750 ml were given to produce a 
pulmonary capillary wedge pressure of 15 mm Hg. 
The patient was then placed in a right lateral 
decubitus position of 30°. A bolus of nicardipine 1.5 
mg was administered, followed by an infusion of 6 
mg h-!, Haemodynamic disturbances caused by 
tumour manipulation were treated in the same way 
as those described for patient No. 1. The total per- 
operative doses of nicardipine and esmolol] were 36 
and 150 mg, respectively. At the end of the proce- 
dure, core body temperature was 35.9°C. Through- 
out the operation, Paco, had been maintained at 
3.9-4.4 kPa. The postoperative course was unevent- 
ful and antihypertensive treatment was not required. 
Analgesia comprised non-steroidal anti-inflamma- 
tory analgesics only. The patient’s trachea was extu- 
bated 4 h later in the recovery room and she was 
transferred to the surgical unit. Oral feeding was 
resumed at 24 h and the patient was discharged on 
day 4 after operation. 


Discussion 


The cardiovascular changes induced by phaeochro- 
mocytoma are usually aggravated by the stress of 
surgery. Classically, arterial hypertension occurs, 
caused by intense vasoconstriction, often associated 
with myocardial hyperexcitability and arrhythmias.?+ 
Adrenalectomy using a laparoscopic approach has 
been proposed with the aim of diminishing the stress 
of laparotomy and avoiding direct manipulation of 
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the gland. However, creation of a pneumoperi- 
toneum by carbon dioxide insufflation carries prob- 
lems as it causes an increase in intra-abdominal 
pressure and leads to absorption of carbon dioxide.?8 
The increase in intra-abdominal pressure causes a 
decrease in cardiac index by reduction of venous 
return and an increase in peripheral vascular resist- 
ance.89 Excessive absorption of carbon dioxide may 
lead to sympathetic stimulation with, in extreme 
cases, arrhythmias induced by hypercapnia.!° 
Therefore, the use of laparoscopy for phaeochromo- 
cytoma is only justifiable if it is possible to rigorously 
control preload, afterload and arterial Pco,. Our 
experience in the anaesthetic management of 
laparoscopy has led us to use calcium-channel block- 
ers to control vasoconstriction associated with pneu- 
moperitoneum. Moreover, with hyperventilation, 
hypercapnia is generally avoided. The anaesthetic 
technique used here did not differ from that used for 
conventional phaeochromocytoma surgery. The use 
of a potent analgesic at a high dose and a benzodi- 
azepine proved to be sufficient to control surgical 
stress.!1 Calcium-channel blockers, such as nicar- 
dipine, are currently the antihypertensive agent of 
choice during phaechromocytoma resection.'!! 
Meurisse and colleagues® observed good haemo- 
dynamic stability during laparoscopic removal of 
phaeochromocytoma. However, these authors 
admitted that insufflation of the pneumoperitoneum 
was a critical time. In this study, although the condi- 
tions for pneumoperitoneum were exactly the same, 
the responses observed in the two patients were not 
comparable. In our first patient, after insufflation, 
noradrenaline concentrations increased to three 
times pre-insufflation concentrations, which was 
probably an indication of intense mechanical stimu- 
lation of the tumour by intra-abdominal pressure. 
Despite preliminary infusion of nicardipine, the 
immediate consequence was intense vasoconstric- 
tion with a marked increase in arterial pressure. This 
hypertensive bout was nevertheless controlled 
rapidly by an additional bolus of nicardipine. In spite 
of the lower doses of nicardipine in our second 
patient, there was no vasopressor response to the 
pneumoperitoneum and no variation in cate- 
cholamine concentrations was recorded. In contrast, 
in both patients, insufflation of the pneumoperi- 
toneum had no effect on cardiac output, whereas a 
15-20% reduction in cardiac index is usually 
observed during conventional laparoscopic surgery.® 
The explanation for the stability was probably the 
preload optimization by monitoring of pulmonary 
capillary wedge pressure.!!!2 Recently, Giebler and 
colleagues performed phaeochromocytoma resection 
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using a capnoretroperitoneoscopic technique.!? 
Although they were not reported in detail, the 
haemodynamic changes seem to have been well 
tolerated. 

Tumour manipulation causes marked increases in 
arterial pressure, heart rate and cardiac output. 
Administration of nicardipine or esmolol, or both, 
makes it possible to maintain satisfactory haemody- 
namic stability. However, considerable release of 
noradrenaline was observed in patient No. 1. In 
common with insufflation, successive laparoscopic 
manipulation may lead to significant tumour 
stimulation. Total tumour removal leads to a rapid 
decrease in catecholamine concentrations with a 
parallel decrease in cardiac output and vascular 
resistances. However, in both patients, exsufflation 
caused no significant haemodynamic changes in 
spite of the large doses of nicardipine. 
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Randomization is important in studies with pain outcomes: 
systematic review of transcutaneous electrical nerve stimulation in 


acute postoperative pain 


D. CARROLL, M. TRAMER, H. McQuay, B. NYE AND A. MOORE 


Summary 


We set out to examine the evidence for the 
importance of randomization of transcutaneous 
electrical nerve stimulation (TENS) in acute post- 
operative pain. Controlled studies were sought; 
randomization and analgesic and adverse effect 
outcomes were summarized. Forty-six reports 
were identified by searching strategies. Seventeen 
reports with 786 patients could be regarded 
unequivocally as randomized controlled trials 
(RCT) in acute postoperative pain. No meta- 
analysis was possible. In 15 of 17 RCT, we judged 
there to be no benefit of TENS compared with 
placebo. Of the 29 excluded trials, 19 had pain out- 
comes but were not RCT; in 17 of these 19 TENS 
studies, the authors concluded that TENS had a 
positive analgesic effect. No adverse effects were 
reported. Non-randomized studies overestimated 
treatment effects. (Br. J. Anaesth. 1996; 77: 
798-803) 


Key words 
Anaesthesia, audit. Pain, postoperative. Nerve, stimulation. 





‘Transcutaneous electrical nerve stimulation (TENS) 
was developed originally as a means of controlling 
pain through the “gate” theory.! There is conflicting 
professional opinion on the use of TENS in acute 
postoperative pain. The recommendations of the 
Agency for Health Care Policy and Research 
(AHCPR)? for acute pain management state that 
TENS is “effective in reducing pain and improving 
physical function” while the earlier report of the UK 
College of Anaesthetists’ working party on pain after 
surgery? states that “TENS is not effective as the sole 
treatment of moderate or severe pain after surgery”. 
For postoperative pain some textbooks recommend 
or strongly recommend TENS,*° although one at 
least is uncertain.? TENS is of doubtful benefit in 
labour pain,!° but we could find no systematic 
review of its use in chronic pain. 

The quality of methods used in clinical studies has 
been shown to be a key determinant of the eventual 
results. Schulz and colleagues!! demonstrated that 
studies that were not randomized or which were 
inadequately randomized exaggerated the estimate 
of treatment effect by up to 40%. Studies which are 


not fully blinded can exaggerate the estimate of 
treatment effect by up to 17%. We sought evidence 
of the effect of randomization in trials with pain as an 
outcome, in studies of TENS in acute postoperative 
pain. 


Methods 


Several different search strategies were used to 
identify controlled studies for TENS in acute post- 
operative pain in both MEDLINE (1966-1995: 
Knowledge Server version 3.25: January 1996) and 
the Oxford Pain Relief Database (1950—-1992).!4 
The words “TENS” and “transcutaneous electrical 
nerve stimulation” were used in searching, including 
combinations of these words. Additional reports 
were identified from the reference lists of retrieved 
reports, review articles and textbooks. 

Inclusion criteria were full journal publication, 
TENS and postoperative pain with pain outcomes. 
Reports of TENS for the relief of other acute pain 
conditions, such as labour pain, acute infections and 
procedures, or those where the number of patients 
per treatment group was fewer than 10 were 
excluded. Abstracts and review articles were not 
considered. Unpublished reports were not sought. 
Neither authors of reports nor manufacturers of 
TENS equipment were contacted. 

Two types of control predominated—open studies 
compared TENS with conventional postoperative 
analgesia (i.m. opioid) or with disabled TENS 
instruments (sham TENS). Some studies used 
blinded observers. While there was no prior hypo- 
thesis that TENS could not be blinded adequately, it 
was determined that, despite the considerable efforts 
documented in some reports, adequate blinding was 
impossible in practice. 

Each report which could possibly meet the inclu- 
sion criteria was read by each author independently 
and scored for inclusion and quality using a three- 
item scale.!3 Included reports received one point 
for randomization, a further point if this had been 
done correctly and a third if the number and 
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reasons for withdrawals were given. Authors met to 
agree that studies were randomized or if the 
description of the method of randomization was 
adequate.!! 

Information on surgery, number of patients, study 
design and duration of treatment was extracted from 
randomized reports. The type of TENS equipment, 
its settings and the method and frequency of its use, 
and placement of electrodes were also extracted. 
Control group design and the use of TENS in these 
controls were similarly noted. Pain outcomes, overall 
findings and conclusions were noted for each report, 
together with adverse effect information. 

A judgement was then made by us as to whether 
the overall conclusion of the randomized reports was 
positive or negative for the analgesic effectiveness of 
TENS. Post hoc subgroup analysis in the original 
reports was not considered in our judgement of over- 
all effectiveness. Reports which had pain measures 
but which were not randomized or were inade- 
quately randomized were examined for positive or 
negative analgesic effectiveness of TENS using the 
judgement of their authors. 


Results 


Forty-six reports were considered; three did not 
have pain outcomes, three had fewer than 10 
patients per group, three had methodological 
problems and one reported on pain during rather 
than after a procedure. These were not considered 
further. 

Nineteen reports were either not RCT or the 
method of randomization was inappropriate (table 1). 
Seventeen of the 19 reports with pain measures 
excluded because they were either not randomized 
or inadequately randomized, were judged by their 
authors to have positive analgesic results for TENS 
in acute postoperative pain. 

Seventeen randomized studies with pain outcomes 
were found. Of these, 15 were judged by us to show 
no analgesic benefit of TENS in acute postoperative 
pain. 


Table 1 Non-randomized reports 


Pain condition or 


799 


RANDOMIZED STUDIES 


The randomized studies contained information on 
786 patients (table 2). TENS was used after various 
operative procedures, including cardiothoracic, 
major orthopaedic and gastrointestinal surgery. Ten 
different TENS machines were used with different 
control settings and durations of treatment; indi- 
vidual titration of settings took place in six reports. 
Fourteen reports compared TENS with sham TENS 
without batteries, with batteries reversed or with 
sub-threshold stimulation; the other three compared 
TENS and i.m. opioid with im. opioid alone. 
Quality scores were generally 1 or 2 out of a maxi- 
mum of 3. The most common outcome measures 
reported were analgesic consumption and a variety 
of pain score measurements. Information was not 
presented in formats which allowed extraction for 
meta-analysis (table 2). 


TENS vs sham TENS 


Fourteen of the 17 included RCT compared TENS 
with sham TENS; no differences were found. One of 
the 1448 reported no significant difference between 
TENS and sham TENS for analgesic consumption, 
but did report a statistically significant difference for 
pain intensity in favour of the active TENS; the pub- 
lished results, however, used a one-tailed statistical 
test which we judged inappropriate. 


TENS vs opioid control 


Seven of the 17 included RCT compared opioid plus 
TENS with opioid alone, four of which also included 
sham TENS. Of the seven studies, five failed to 
detect any differences in analgesic consumption or 
pain measurements between TENS and non-TENS 
controls. Two reports were judged by their authors 
and by us to be positive.#? 46 

Pike* studied 40 patients after total hip replace- 
ment. The study had as its main outcome measure 
the number of pethidine injections in the first 2 days 





Authors’ judgement about 


Reference operation type Description analgesic effectiveness 
14 Upper abdominal Not RCT Positive 
15 Cholecystectomy, hernia repair Retrospective, not RCT Positive 
16 Upper abdominal Inadequate randomization Positive 
17 Foot Not RCT — matched case control Positive 
18 Caesarean section Not RCT Positive 
19 General Not RCT Positive 
20 Spinal fusion Not RCT Positive 
21 Foot Retrospective, not RCT Positive 
22 Urological Not RCT Positive 
23 Urological Not RCT Positive 
24 Urological Not RCT Positive 
25 Abdominal, thoracic Not RCT Positive 
26 Cholecystectomy Not RCT Negative 
27 Thoracotomy Inadequate randomization method Positive 
28 Laparotomy Retrospective, not RCT Positive 
29 Low back Not RCT Positive 
30 Lumbar, hip, gynaecological Retrospective, not RCT Positive 
31 Knee and hip joint Not RCT Positive 
32 Gastric bypass Not RCT Negative 
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No significant difference Negative 


for 3 postoperative days 


Daily dose of pethidine 


Pulse rate 50 9~!, pulsed width 
170 ms, amplitude 0-50 A 


3M Tenzcare dual channel, Individually titrated (tingling 
2 pairs of electrodes (over sensation), 70 Hz rectangular 


within 2 cm of the wound 
first lumbar vertebra and 


EPC, electrodes placed 


Parallel group 
Opioid control (34) 


Cholecystectomy 
TENS (30) 
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after operation and a retrospective global rating. 
Patients with active TENS had significantly fewer 
pethidine injections on the first day after operation 
and higher scores on global rating of treatment. 
VanderArk and McGrath‘ recruited 100 patients 
undergoing abdominal and thoracic surgery in 2 
months, and although there was more success with 
active TENS used for 20 min three times a day, 
maximal relief was “almost invariably associated 
with the first stimulation”. Generally there were no 
obvious differences between the use of TENS in 
these two positive studies and the 15 which showed 
no benefit. 


2 
1 
1 
1 
1 


Positive 


No significant differences TENS Negative 2 
vs sham TENS. Positive result 


relief sham TENS vs 34/61 with 
active TENS. Analgesic 
consumption not reported 
reported was with one-tailed test 
of statistical significance 


2/39 partial relief or complete 
Analgesic consumption, No significant differences TENS Negative 


vs sham TENS 

vs sham TENS, or control 
Significant difference reported. 

vs sham TENS or control 


vs sham TENS 
No significant differences TENS Negative 


No significant differences TENS Negative 
No significant differences TENS Negative 


Adverse events 


No report described systematic recording of adverse 
events, nor were any reported. 


Discussion 


The “gold standard” in clinical trials is adequate 
randomization.'!! Non-randomized studies have 
been shown for nearly 20 yr to yield larger estimates 
of treatment effects than studies using random 
allocation.*? The degree of exaggeration of treatment 
effect when randomization is inappropriate can be 
as much as 40%.!! These findings underpin the 
inclusion criteria chosen in systematic reviews. 

For TENS in acute postoperative pain, 17 of 19 
reports with pain outcomes which were either not 
randomized or inappropriately randomized claimed 
TENS to be effective, compared with two of 17 
randomized controlled trials. 

The possibility of bias exists. The method of 
randomization was described in only two reports.!627 
The method described was inadequate in both, one 
using a nurse to randomize patients!® and the other 
using alternate allocation.2” Reports which said 
only that they were randomized may have used an 
inadequate method. 

That these data represent the lowest common 
denominator of information, essentially vote count- 
ing rather than a more sophisticated analysis, reflects 
the nature of the analgesic scoring methods that pre- 
dominated in the original reports. Pain scoring using 
analogue or categorical scales was reported as means 
(an unreliable statistic®®) or mean analgesic con- 
sumption, or time to first analgesic was used. None 
of these allowed data extraction for further statistical 
analysis or comparison between reports. While more 
S rigorous pain scoring might have been used, there is 
2 no evidence that all of the reports suffered a 
fi systematic failure in analgesic measurement. 


consumption, duration 


oral analgesics, length of 
of relief 


hospital stay 


VASPI 6, 12, 24, 36, 
48 h, opioid 
consumption 

5 point pain intensity 6, 
24, 48 h, analgesic 
consumption, time to 

Daily 10-poimt pain 
intensity 

Pain, analgesic 

Pain intensity 0-10, 


(no current) analgesic consumption 


Sham TENS 
(controls 
turned off) 

Sham TENS 
(no current) 
stimulation) 

Sham TENS 


titrated, pulse duration 100 us (subthreshold hospital stay 


Frequency 100-150 s~!, output Sham TENS 


20-35, pulse duration 250-400 (no batteries) 


ms 


rate 70 s~!, rectangular 
waveform, pulse width 180 ps 
frequency 40 Hz, amplitude 


individually titrated 


pulse, amplitude 
Fixed—pulse width 80 ma, 
Continuous stimulation, 


Strodynamics, continuous. Amplitude setting individually Sham TENS 
pulse width 5 


Dow Coming, Wright Care Individually titrated, fixed pulse 


2 channel, 2 electrodes 


(either side of incision) 
électrodes placed on either amplitude 7, pulse rate 3, 


given; electrode placement at 70s"! 


on either side of wound) 
MedGen, electrode 
placement not described 
Neuromed Model 3700, 
Meditronic, electrode site 
individually chosen 
No other information 
not described 
3M Tenzcare 6240, 2 


side of incision 


62 
0 
7 

100 
8 

24 


discharge, TDSX20 min 
Phase 2—parallel group 
TENS (18) 


i Inadequacy of blinding in clinical trials of 
g analgesic interventions continues to be of concern,?! 
although this may be less of an issue with pharmaco- 
logical interventions.5° Blinding of procedures is 

Ẹ much more difficult than blinding of drug studies. 
A Most of the TENS studies made attempts at blind- 
A ing, for example by removing batteries from the 
Ë TENS apparatus (sham TENS) or by using staff 
with no knowledge of the study or allocation to 

conduct the patient assessments. Lack of blinding 

© + = 3 = € has been estimated to exaggerate the estimate of 


TENS+Omnopon i.m. (20) 


Omnopon i.m. (20) 
48h 


Parellel group (males) 
Parallel group 

TENS (30) 

Sham TENS (22) 
Opioids i.m. (25) 

24 h post surgery until 
Sham TENS (18) 
Postop. analgesia (12) 
72h 


Parallel group 


Inguinal hernia 
repair 
Thoracotomy 
Abdominal 
Abdominal and 
thoracic 
Total knee 
replacement 


802 


treatment effect of studies by some 17%.!! Adequate 
blinding of TENS for both carers and patients is 
particularly difficult. None of the reports was 
judged to have been blinded and this lowered the 
quality scores given to the 17 randomized studies. 
The fact that only two of the reports showed any 
positive effect of TENS in acute postoperative pain 
is all the more striking because of this potential over- 
estimation of treatment effect caused by lack of 
blinding. 

The clear message of the reports considered in this 
systematic review is that adequate randomization is 
an important quality standard in studies with pain 
outcomes. Including non-randomized studies in 
reviews may give the wrong answer. The AHCPR 
guidelines on acute pain management included non- 
randomized reports, and this may explain their more 
positive attitude towards TENS.? 
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CORRESPONDENCE 


Unexpected high spinal block in obstetrics 


Sir,—Elliott, Voyvodic and Brownridge recently reported an 
unexpected subarachnoid block in a parturient, despite careful 
aspiration testing and prior administration of local anaesthetic via 
a catheter, presumably located in the lumbar extradural space.} 
We recently described five similar cases of high spinal block pro- 
duced by the initial test dose alone after negative aspiration test- 
ing.? We have had three additional cases since our report, two in 
labouring parturients and one in an elderly woman undergoing 
ankle surgery. In common with our previously reported cases, 
patients were seated during insertion and testing of the catheter, 
and 18-gauge Tuohy needles with 20-gauge open-tip, single- 
orifice polyamide catheters were used (B. Braun Medical, Inc., 
Bethlehem PA, USA). After uneventful catheter insertions, care- 
ful negative pressure aspiration produced no fluid. The test dose 
administered (3 ml of glucose-free 1.5% lignocaine with adrena- 
line 1:200000) produced abrupt high sensory block and complete 
lower extremity motor block consistent with subarachnoid injec- 
tion in each patient. High spinal block was accompanied by pro- 
found hypotension in both parturients. One developed a high 
motor block resulting in ventilatory failure requiring tracheal intu- 
bation, followed by emergency Caesarean delivery for persistent 
fetal bradycardia. In each case, CSF was aspirated easily through 
the catheter with subsequent negative pressure aspiration testing. 
As in our previous cases, none of the patients developed postdural 
puncture headache (PDPH), despite dural and arachnoid 
punctures. 

Several authors have suggested that “a subdural catheter can 
perforate the arachnoid mater...at any time”! and, “the test dose 
given through a catheter placed in the subdural space causes the 
arachnoid to tear”. We agree, and provide the accompanying 
figure (fig. 1) as a unified explanation of the mechanisms underly- 
ing arachnoid rupture and the associated low incidence of PDPH. 
Although initial placement of the catheter is subdural, subsequent 
arachnoid rupture occurs because of sudden positive pressure 
generated in the low-compliance subdural space by injection of a 
small volume of fluid. This is consistent with findings common to 
all our cases, namely absence of CSF during placement of the 
catheter, inability to aspirate fluid before catheter injection, and 
free flow of CSF after injection and onset of spinal block. Elliott, 
Voyvodic and Brownridge did not state if CSF was aspirated after 
the onset of subarachnoid block, however, computed tomography 
demonstrated clearly subarachnoid catheter placement in their 
patient. 

Also, consistent with this mechanism is the absence of PDPH in 
all cases described by us (seven of whom were labouring 
parturients) and the single parturient described by Palkar, 
Boudreaux and Mankad.4 Such a low incidence of PDPH in 
parturients experiencing arachnoid puncture with an 18-gauge 








“Tuohy needle or 20-gauge extradural catheter is unlikely. 
However, absence of PDPH might be expected if the dural punc- 
ture site and site of arachnoid tear do not overlap, as we propose 
(fig. 1). After removal of the catheter, positive hydrostatic pres- 
sure in the subarachnoid space generated in the upright position 
should effectively seal the dural hole with underlying arachnoid 
mater. This contrasts with the more common occurrence of 
inadvertent dural puncture recognized by immediate CSF flow 
through the needle or catheter, in which the dural and arachnoid 
puncture sites directly overlap each other. Such cases have a high 
risk of PDPH. 

Because of the high blocks and hazardous associated effects 
observed, we have altered our testing of extradural catheters. 
To help detect a subdural catheter that becomes subarachnoid 
on injection, we perform a negative pressure aspiration test 
before and after injection of 3 ml of saline, as suggeated by 
some authors.’ Injection of 3 ml of saline should be as effective 
as, and safer than, a local anaesthetic test dose in detecting 
arachnoid rupture. Furthermore, we have abandoned the ligno- 
caine test dose. Abraham and colleagues proposed hyperbaric 
1.5% lignocaine (Xylocaine, Astra, Westboro, MA, USA) as a 
safe alternative intrathecal marker, however, this incurs signif- 
icant added expense ($6.65 per 2 ml vial in the USA). Instead, 
we combine adrenaline 15 pg with 2 ml of glucose-free 0.25% 
bupivacaine to produce a combined i.v. and intrathecal test 
solution. Bupivacaine 0.25% (2 ml) has been shown to safely 
provide rapid onset of labour analgesia and sensory block, with 
little risk of hypotension or high motor block when adminis- 
tered intrathecally.? We find the inclusion of adrenaline useful 
because of the 5% incidence of i.v. cannulation associated with 
this catheter in our institution. These changes in both aspira- 
tion technique and test dose should minimize the occurrence of 
unexpected high spinal block without increasing expense or 
time. 

M. G. RICHARDSON 

R N. WISSLER 
Departments of Anesthesiology and Obstetrics and Gynecology 
University of Rochester School of Medicine and Dentistry 
Rochester, NY, USA 
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Figure 1 While initial placement of the catheter is subdural, injection of fluid results in disruption of the arachnoid 
mater. After removal of the catheter, non-adjacent dural and arachnoid defects create a flap valve minimizing CSF 


leak. 
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Is Doppler monitoring mandatory in 
laparoscopic surgery? 


Sir,—In the article published recently by Nyarwaya and colleagues! 
on carbon dioxide embolism in piglets, the authors observed some 
disturbances in Px’co, and Spo,, with few changes in haemo- 
dynamic variables, and they concluded that “The presence of 
Doppler monitoring should be mandatory” im laparoscopic 
surgery because of the risk of carbon dioxide embolism which may 
not be detected with usual monitoring (ECG, AP, Spo,, PE’ co). 
Although it is true that carbon dioxide embolism is infrequent 
during laparoscopic surgery,? most occur without any clinical 
disturbances and are detected only by transoesophageal echocar- 
diography or precordial Doppler,’ without the need for therapy. 
For these reasons, in common with other authors,* we believe that 
monitoring of patients without previous pathology should include 
ECG, AP, Pe'co, and Spo,. Doppler monitoring, pulmonary 
catheter, or both, is recommended in patients at risk, although the 
indications for laparoscopic surgery should be assessed carefully 
and attention paid to the important haemodynamic changes that 
occur with pneumoperitoneum.* ® 
Finally, although carbon dioxide embolism occurs infrequently 
in laparoscopic surgery, the presence of a patent foramen ovale 
must be excluded because of the danger of paradoxical 
embolism.” 8 
A. FERRANDO 
J. R. FRAUE 
I. GARUTTI 
M. HERVIAL 
J. NAVIA 
Department of Anaesthesia and Critical Care 
Gregorio Marañon General Hospital 
Madrid, Spain 
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Sir,—The letter of Ferrando and colleagues emphasizes at least 
two important points concerning the risk of gas embolism in 
anaesthetized patients undergoing laparoscopic surgery. First, 
they suggest assessing, before operation, in any patient undergo- 
ing laparoscopic surgery, whether or not a patent foramen ovale 
exists. We agree totally with this proposal because of the potential 
occurrence of venous gas embolism, and subsequent risk of “para- 
doxical” systemic embolism. Nevertheless, the value of such a 
preoperative testing procedure will never reach a safety level of 
100%.! Second, as reported previously? (and supported also more 
recently experimentally”), signs of mild carbon dioxide embolism 
may be difficult to detect if routine monitoring is restricted to 
ECG, NIBP, Spo, and PE'coz For a fixed or even progressively 
increasing carbon dioxide embolism, the value of PE’ co, monitor- 
ing for quantification of the magnitude of the carbon dioxide 
embolism is highly questionable (see fig. 5, upper trace). In any 
circumstances, carbon dioxide as any other gas embolism is easily 
detected by more sensitive and specific diagnostic tools, such as 
pre-thoracic or oesophageal echocardiography.?4 For our group, 
it is not appropriate to expose the patient to the clearly increased 
tisk of gas embolism of changing composition,’ despite the fact 
that the nature of the injected gas is obviously carbon dioxide at 
the start, without having specific and sensitive monitoring for 
early detection of such events. 

In the case of gas embolism with peritoneal carbon dioxide 
insufflation, the difference between a catastrophe? and an 
incident may be the promptmess of correct diagnosis obtained 
with sensitive and specific monitors* followed by rapid adequate 
corrective manoeuvres. For these reasons, we believe that 
Doppler monitoring is mandatory in laparoscopic surgery. 

A. A. D’HOLLANDER 
Department of Anaesthesia 
CUB Erasme Hospital 
Brussel, Belgium 
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Fuzzy logic control of inspired volatile 
anaesthetic concentrations 


Sir,—The article of Curatolo and colleagues on fuzzy logic control 
of inspired isoflurane and oxygen concentrations is in our opinion 
an important contribution to automatic control of the gaseous 
composition in the circle system. This seems to be the method of 
the future to facilitate minimal flow techniques to the majority of 
anaesthetists. Automatic control, however, should be capable of 
competing with manually controlled methods. 

Our concerns are about the method in which the volatile anaes- 
thetic delivery was calculated. The formula used by the authors 
seems to take the volatile anaesthetic as a fraction of the fresh gas 
passing the flowmeters. However, the volatile anaesthetic is added 
to that gas flow so that total gas flow (100%) consists of the 
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volatile anaesthetic, as set at the vaporizer (vap™), in addition to 
the fresh gas passing the flowmeters (100%—vap%c). Thus volatile 
delivery has to be calculated as follows:! 
š EGF 
iF = Yap 
100 
where FGF=sum of fresh gas set at the flowmeters (ml min™?) 
and Vap=vaporizer setting (vol%). 

Comparison of the results from the two formulae shows that 
volatile delivery calculated by the formule used in this article is 
underestimated to a percentage corresponding to the vaporizer 
setting (vap%).? While 1-5 % may be negligible for traditional 
volatile agents and when only costs are of concern, the difference 
becomes relevant with volatile agents used in high concentrations, 
such as desflurane, and in relevant studies, such as the one con- 
sidered here. The article compared a “low flow” and a “minimal 
flow” technique. During minimal flow, the vaporizer is at higher 
settings than during low flow. Consequently, underestimation of 
volatile consumption is more pronounced in the minimal flow 
group than in the low flow group. Thus the data given in the 
article show a slightly greater difference in delivery between the 
two groups than is actually there. 

Compared with our own experience, volatile anaesthetic con- 
sumption reported in this study with respect to only the mainte- 
nance period appears to be high. In manually controlled minimal 
flow techniques we calculated an average isoflurane delivery of 
only 12.9 ml min™! in 20 entire anaesthetics for the period from 
intubation to extubation (thus including the wash-in periods) last- 
ing 14969 min maintained at an end-tidal isoflurane concentra- 
tion of approximately 0.8 vol%.? We used an Ohmeda Modulus 
CD/CY with the MAS circle system, the volume of which is 
approximately 1.5 litre less than that of the Dräger Cicero used by 
Curatolo and co-workers. 

The frequent sharp increases in fresh gas flow to remove foreign 
gas from the circle system are quoted to explain why the net 
difference in volatile consumption between the two flow rates is 
relatively small. One may consider that the higher volume of the 
circle system makes the excess gas during minimal flow and the 
high flow flush less effective in removing foreign gases from 
the circle system. Furthermore, the system response to changes in 
the vaporizer setting are slower with a larger circle system. These 
factors may have contributed to the lower volatile anaesthetic 
consumption in our work. 





— FGF (ml min`?!) 


H. WISSING 
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Sir,—We thank Drs Wissing and Kuhn for their interest in our 
investigation and for their comments. 

We agree that the formula to calculate isoflurane delivery sug- 
gested by Drs Wissing and Kuhn gives a more precise estimation. 
However, as they pointed out, underestimation resulting from our 
formula is quantitatively insignificant and does not therefore 
influence the conclusions of the investigation. We agree that a 
more accurate calculation should be used when performing a 
similar study on desflurane. 

Concerning the difference in isoflurane consumption between 
our study and the experience of Drs Wissing and Kuhn, we 
believe that such a comparison cannot be made without more 
detailed information on patients characteristics, premedication, 
co-administration of other analgesics, anaesthetist involved, surgi- 
cal procedures, etc. All of these factors can greatly affect isoflu- 
rane delivery. Furthermore, median fresh gas flow in our study 
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was higher than 0.5 litre min`! (table 5) because of the occasional 
activation of the “turbo” mode (fresh gas flow 10 litre min@!) 
when a rapid change in the inspired isoflurane concentration was 
desired. 


Institute of Anaesthesiology and 
Intensive Care Section of Research 
University of Bern 

Inselspital 

Bern, Switzerland 


Hypotension during subarachnoid 
anaesthesia 


Sir,—The article by Drs Critchley and Conway! investigating the 
effects of colloid or metaraminol, or both, in patients receiving 
subarachnoid anaesthesia to facilitate surgery for fractured neck 
of femur makes interesting reading. However, I should like to 
make two comments, particularty concerning their conclusion 
that “hypotension may be treated more effectively by using a 
vasopressor”. 

First, elderly patients presenting for fractured neck of femur 
surgery are, in my experience, almost invariably hypovolaemic, 
through loss of considerable blood volume into the fracture site 
and also through inadequate fluid intake in the orthopaedic 
wards. Performing subarachnoid block in hypovolaemic patients 
is dangerous* and therefore I believe that correction of hypo- 
volaemia is of paramount importance in this group of patients 
before the use of any vasoconstrictor therapy. The statistically 
significant increases in mean cardiac index and central venous 
pressure reported in the colloid only group may represent 
adequate fluid replacement. 

Second, we do not know if the use of metaraminol is without 
risk, particularly when used as an infusion in these elderly patients 
with potential widespread atherosclerosis. Is the routine use of a 
vasoconstrictor in the treatment of modest hypotension of any 
improved long-term benefit to the patient compared with fluid 
replacement therapy? While I accept that this was a physiological 
study examining the short-term effects of colloid and 
metaraminol, I do not believe that one can draw conclusions on 
which is the better treatment of hypotension without examining 
the incidences of postoperative complications. 

M. WATTERS 
Department Anaesthetics 
St Vincent’s Hospital 
Darlinghurst 
Sydney, NSW, Australia 
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Sir,—Thank you for the opportunity to reply to Dr Watters’ letter 
commenting on our recent article on the use of colloids and 
metaraminol during spinal anaesthesia in patients with femoral 
neck fractures.! 

Normovolaemia is essential before spinal anaesthesia. It is 
therefore standard practice in our hospital that all patients admit- 
ted with femoral neck fractures have i.v. hydration on admission 
to compensate for blood loss at the fracture site and fasting. 
Despite this practice, patients with femoral neck fractures still 
experience a greater decrease in arterial pressure during spinal 
anaesthesia compared with other groups, such as urology 
patients.” We believe that this increase in hypotension is caused 
by vasodilatation of blood vessels that become abnormally vaso- 
constricted as a result of the pain and trauma associated with the 
fracture site. 

In our study we measured the effects of treatment with colloid 
and metaraminol on preload during spinal block. We found that 
both colloid 8 ml kg! and metaraminol by i.v. infusion were 
equally effective in correcting decreases in preload. However, the 
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use of larger volumes of i.v. fluids to prevent hypotension has 
repeatedly been shown to be ineffective.>*> Thus vasopressors are 
commonly advocated. Although we cannot comment on the long- 
term effects of using metaraminol, we did limit our dose to the 
minimum required to maintain normal arterial pressure and by 
using an infusion we avoided excessive swings in arterial pressure. 
L. A. H. CRITCHLEY 
F. CONWAY 
Department of Anaesthesia and Intensive Care 
Chinese University of Hong Kong 
Prince of Wales Hospital 
Hong Kong 
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Haemodilution induces a hypercoagulable 
state 


Sir,—We read with interest the article by Ruttmann, James and 
Viljoen on hypercoagulability induced by 20% dilution of whole 
blood with isotonic saline or gelatine.! In this study, coagulation 
was measured using native thrombelastography (TEG), and a 
shortening of r and k times, and an increase in MA were found. 
We would like to report our own observations. 

In a similar investigation involving 12 volunteers, 10 mi of 
citrated blood were obtained and native TEG was performed with 
undiluted blood (control) and with a 20% in vitro dilution using 
0.9% saline. The volunteers then received 1 litre of the same 
saline solution i.v. (equal to a 20% dilution) and another TEG 
measurement was performed. Our results are shown in table 1. 

These data confirm the results of Ruttmann, James and Viljoen 
showing a hypercoagulable state when saline was mixed in vitro. 
However, after i.v. infusion of saline, no significant changes in 
TEG variables were observed. Thus we suggest that the reported 
effect might be an in vitro phenomenon. Our opinion is enforced 
by observations using activated TEG (activation with Innovin 
5 pl) which revealed no significant changes when saline was added 
in vitro.? This indicates that the i vitro effect might be a pitfall of 
native thrombelastography. 

There are no data to explain this phenomenon. Non-activated 
(mative) thrombelastography is a very sensitive method for evalu- 
ating factors influencing coagulation. This is seen for example in 
the long r time of the control in this study (9 min). Conclusions 
based on the effects seen in non-activated thrombelastographic 
measurements to the in vive situation should be drawn with great 
care as the activation situation in non-activated thrombelasto- 
graphic measurements does not reflect the i vivo situation. In 
the body, coagulation takes place mainly after severe extrinsic 
activation, for example after vascular injury. 

The low contact activation of the coagulation system in native 
TEG measurements is not a physiological situation. With respect 
to the better clot formation and higher MA in the in vitro saline 
tests compared with the control, the following mechanism should 
be excluded: it is known that a high sedimentation rate leads to an 


Table 1 Mean (sD) TEG values before and after in vitro and m 
vivo dilution with 20% saline (n=12). *P<0.05 compared with 
control (Wilcoxon) 





Control In vitro dilution In vivo dilution 
r (min) 7.9 (2.3) 5.8 (1.9)* 9.0 (2.9) 
k (min) 4.8 (1.9) 2.6 (1.4) 5.0 (1.5) 
MA (mm) 51.9 (6.1) 56.7 (6.5) 47.5 (5.7) 
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artificially high MA.? Thus sedimentation processes during the 
relatively long measurement periods may play a role. Also, clot 
formation in non-activated TEG is influenced by many factors. A 
study with non-activated TEG measurements alone might not be 
sufficient to explain these complex mechanisms. 
E. K. ENTHOLZNER 
A. N. CALATZIS 
L. L. MELKE 
M. KUNG 
R Hire 
Klinikum Rechts der Isar 


Munich, Germany 
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Sir,—We thank Dr Entholzner and colleagues for their comments. 
It is of interest that their în vitro studies confirmed our in vitro 
results,! despite the fact that they used citrated blood before per- 
forming the TEG studies. We have recently conducted some pre- 
liminary tests using immediately sampled blood and comparing it 
with the same blood citrated and then reconstituted with calcium in 
a manner identical to that recommended by the TEG manufactur- 
ers, that is 250 pl of citrated blood placed in the TEG cup to which 
is added 100 pl of 0.65% calcium chloride solution. Our observa- 
tion was that the citrated and reconstituted blood clotted much 
more vigorously (shorter r and k times, steeper a angle and larger 
MA) than the non-treated controls. We are in the process of vali- 
dating this observation at the present time. We are, therefore, scep- 
tical that citrated blood truly represents the native state and that the 
results of Entholzner and colleagues may have reflected this. 

The comment that the effect may be an i vitro phenomenon is 
of interest and we had already considered this possibility. A sub- 
sequent study of in vivo haemodilution has been performed by us 
and is currently under consideration for publication and we 
cannot, therefore, publish the data. However, in essence, this 
study showed a similar but slightly smaller phenomenon in the in 
vivo haemodilution compared with our im vitro experiments, We 
suspect that the difference observed by Entholzner and colleagues 
may be a result of their use of citrated blood. 

As regards the difference between native and activated thromb- 
elastography, we find their comments difficult to understand. First, 
the comment regarding the long r time of the control group in the 
study (9 min) makes no sense whether or not it refers to their letter 
or to our own data. It is true that the non-activated TEG measure- 
ment reflects only the activity of the intrinsic pathway. Whether or 
not the activated TEG truly reflects the activity created by the addi- 
tion of tissue thromboplastins, such as occurs with tissue injury, is 
speculative and not supported to our knowledge by scientific evi- 
dence. While it is true that we speculated on several possible mech- 
anisms for this phenomenon, in our subsequent in vivo study, we 
have also demonstrated a decrease in antithrombin W, thus con- 
firming the possibility raised by Monkhouse that this may be at least 
part of the mechanism. Therefore, we cannot accept the suggestion 
of Entholzner and colleagues that our results are an in vitro effect. 
The article published by Ng and Lo? confirms that not only is this 
effect demonstrable in vivo but is demonstrable in the presence of 
major surgery where, presumably, activation of coagulation by tissue 
thromboplastins has taken place. We believe that our observations 
reflect a real clinical entity and not simply an in vitro aberration. 

T. G. RUTTMANN 

M. F. M. JAMES 

J. F. VILJOEN 
Department of Anaesthesia 
University of Cape Town 
Cape, South Africa 
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Haemodynamic and neuroendocrine 
responses after pneumoperitoneum during 
cholecystectomy 


Sir,—O’Leary and colleagues! investigated haemodynamic and 
neuroendocrine responses after pneumoperitoneum and body 
position changes during cholecystectomy. 

Direct mechanical compressive effect on the abdominal aorta is 
unlikely to contribute to the increases in cardiac afterload and 
arterial pressure observed during laparoscopic surgery. Indeed, in 
human studies, haemodynamic alterations associated with laparo- 
scopic surgery persisted for more than 20 min after pneumoperi- 
tomeum had been evacuated.? Moreover, an acute 9 mm Hg 
increase in abdominal pressure reproduced in a dog model the 
haemodynamic changes associated with laparoscopic surgery in 
humans.? Such a low pressure applied to the aortic high pressure 
system is unlikely to have induced the reported cardiac output 
redistribution towards the upper part of the body.? 

Hypercapnia is unlikely to contribute to the haemodynamic 
changes associated with laparoscopic surgery. Indeed, during 
prolonged intraperitoneal carbon dioxide insufflation, carbon 
dioxide diffusion into the body has been demonstrated to be 
limited.‘ It results in a slight increase in Paco, accounted for by 
the increase in respiratory dead space caused by diaphragmatic 
impairment induced by increasing intraperitoneal pressure.” In 
the study of O’Leary and colleagues,! end-tidal Pco, was easily 
maintained at 0.5-0.7 kPa. 

Hormonal responses described during laparoscopic surgery 
have been shown previously to reflect the degree of surgical stress 
in “conventional” open surgery.° Vasopressin release parallelled 
the time course of the increase in systemic vascular resistances.’ 
Changes in plasma concentrations of catecholamines, renin and 
cortisol were correlated with circulatory changes associated with 
general anaesthesia and reflect the stress response to surgery. $ 
Changes in endothelin concentrations reflect tissue injury 
associated with surgery.® 

More striking are studies showing that physical stimulation of 
intraperitoneal receptors increased systemic vascular resistances 
and arterial pressure.? Sympathetic nerve section significantly 
reduced circulatory changes not only in the presence of intra- 
peritoneal physical stimulation but also in experimental 
intraperitoneal pressure elevation.’ 

We speculate that there may be involvement of barorefiexes 
elicited by various intra-abdominal viscera stimulation underlying 
the pathophysiology of circulatory changes associated with 
laparoscopic surgery in humans. 

C, LENTSCHENER 

D. BENHAMOU 
Département d’Anesthésie-Réanimation 
Hopital Antoine Béclére 
Clamart, France 


1. O'Leary E, Hubbard K, Tormey W, Cunningham AJ. 
Laparoscopic cholecystectomy: haemodynamic and neuro- 
endocrine responses after pneumoperitoneum and changes in 
position. British Journal of Anaesthesia 1996; 76: 640—644. 

2. Westerband A, Van De Water JM, Amzallag M, Lebowitz PW, 
Nwasorka ON, Chardavoyne R, Abou-Taleb A, Wang X, 
Wise L. Cardiovascular changes during laparoscopic chole- 
cystectomy. Surgery, Gynecology and Obstetrics 1992; 175: 
535-538. ' 

3. Robotham JL, Wise RA, Bromberger B. Effect of changes in 
abdominal pressure on left ventricular performance and 
regional blood flow. Critical Care Medicine 1985; 13: 803-809. 

4. Mullet CE, Viale JP, Sagnard PE, Miellet CC, Ruynat LG, 
Counioux HC, Motin JP, Boulez JP, Dargent DM, Annat GJ. 
Pulmonary CO, elimination during surgical procedures using 
intra or extraperitoneal CO, insufflation, Anesthesia and 
Analgesia 1993; 76: 622-626. 

5. Lister DR, Rudston-Brown B, Warriner B, McEwen J, Chan 
M, Walley KR. Carbon dioxide absorption is not linearly 
related to intraperitoneal carbon dioxide insufflation pressure 
in pigs. Anesthesiology 1994; 80: 129-136. 

6. Chernow B, Alexander R, Smallridge RG, Thompson WR, 
Cook D, Beardsley D, Fink MP, Lake R, Fletcher R. 
Hormonal responses to graded surgical stress. Archives of 
Internal Medicine 1987; 147: 1273-1278. 

7. McMahon AJ, O’Dwyer PJ, Cruik Shank AM, MC Millan 


British Journal of Anaesthesia 


DC, O’Reilly D St J, Lowe GDO, Rumley A, Logan PW, 
Baxter JN. Comparison of metabolic responses to laparoscopic 
and minilaparotomy cholecystectomy. British Journal of 
Surgery 1993; 80: 1255-1258. 

8. Joris J, Lamy M. Neuroendocrine changes during pneumo- 
peritoneum for laparoscopic cholecystectomy. British Journal 
of Anaesthesia 1993; 70: A34. 

9. Longhurst JC, Spilker HL, Ordway GA. Cardiovascular 
reflexes elicited by passive gastric distension in anesthetized 
cats. American Journal of Physiology 1981; 240: H539~H545. 


Glycine absorption and hypocalcaemia 


Sir,—I enjoyed reading the article by Dr Chassard and colleagues 
on the effect of glycine solution on calcium homeostasis! and 
would like to suggest an interpretation of their results. I have 
measured serum calcium concentrations during i.v. infusion of 
1000 ml of glycine solution over 20 min in young men? and in 
prostatectomy patients.? A review of my original data shows that, 
during infusion, there was a close correlation between changes in 
serum sodium and albumin-corrected serum calcium concentra- 
tions. After infusion, however, serum calcium concentration was 
restored more rapidly than serum sodium concentration. Dr 
Chassard and colleagues also found a close correlation between 
serum sodium and free (ionized) calcium concentrations during 
the first 20 min of there study. Thereafter, serum calctum 
remained essentially unchanged, although the glycine infusion 
continued for another 40 min. All of these findings suggest that 
the mechanisms compensating for a diluted serum calcium con- 
centration have the same strength as for serum sodium during 
20-30 min of a glycine infusion, after which they become stronger 
for calcium. 

Dilution of serum sodium during glycine infusions is governed 
mainly by the volume of irrigant absorbed. Correction occurs by 
diffusion of glycine and irrigant water from the extracellular to the 
intracellular fluid compartment, and marked, but delayed, cellular 
oedema develops.‘ Urine excretion also plays a part, but the urine 
contains large amounts of sodium,?3 particularly when a large 
volume of glycine solution is given.” The principal difference 
between the correction of diluted concentrations of sodium and 
calcium is that the latter ion can be mobilized easily from loosely 
bound bone stores, and equilibration has been claimed to occur 
with a half-time of 70 min.° The relatively poor perfusion of bone 
certainly explains some of this delay. 

I believe that the time-course of this calcium mobilization can 
explain the absence of a further reduction of ionized calcium at 40 
min and 60 min of the glycine infusions given by Chassard and 
colleagues. This indicates that hypocalcaemia probably does not 
get worse after 20-40 min of glycine absorption in the clinic 
either. When irrigating fluid is absorbed very rapidly, however, 
severe hypocalcaemia may develop within this time and then con- 
tribute to the hypokinetic circulation seen in the TURP syn- 
drome.’ A role for calcium in the treatment of this syndrome has 
also been suggested by two reports of patients in whom cardiac 
arrest and hyponatraemia developed during prostatectomy.®® 
Some degree of “self-treatment” of the hypocalcaemia can be 
expected as the TURP syndrome is associated with metabolic 
acidosis, although this is usually fully compensated until 
circulatory disturbances occur.!° 

R. G. HAHN 
Karolinska Institute 
Stockholm, Sweden 
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Sir,—We are grateful to Dr Hahn for his help in the discussion of 
our recent findings on the effects of glycine infusion on calcium 
homeostasis.! A readily exchangeable reservoir is responsible for 
500 mmol of calcium exchange per day from bone to extracellular 
fluid. As he suggested, this could have contributed to the absence 
of further effect of glycine on ionized calcium after 20 min of i.v. 
infusion. However, the pH-normalized ionized calcium remained 
unchanged throughout the study, despite acute absorption of 
glycine (equivalent to 2000 mi for humans). As we concluded, 
changes in plasma sodium concentration rather than changes in 
calcium homeostasis are probably more important in the develop- 
ment of the TURP syndrome. As previous studies and Dr Hahn 
suggested,? we encourage further clinical studies, including 
monitoring calcium concentrations during acute TURP. This 
could help in the decision to introduce calcium therapy in the 
resuscitation of cardiovascular disturbances in this syndrome. 
D. CHASSARD 
J. P. TOURNADRE 
Hôpital Edouard Herriot 
Hôpitaux de Lyon 
Lyon, France 
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Locating an arterial foreign body by 
ultrasonography 


Sir,—Shah, Downing and Davis described severance of a segment 
of catheter after arterial cannulation leading to embolization within 
the radial artery.! They reported that surgical exploration of the 
distal portion of the artery was unsuccessful and the fragment was 
finally retrieved after proximal radial artery exploration. We write to 
suggest that real-time ultrasound imaging might have been helpful 
by allowing rapid location of the fragment before surgical removal. 

Lightweight, portable machines are available specifically for 
anaesthetic use (Site Rite, Dymax Corporation, Pittsburgh, PA, 
USA). These machines provide good quality images of vascular 
anatomy, especially in the neck, and their use as an aid to internal 
jugular vein cannulation represents an advance in safety and 
efficacy in adult? and paediatric patients.? The device can also be 
used to demonstrate the course and calibre of peripheral arteries. A 
short-focus probe (9 MHz frequency) with a focal length of 0.7 cm 
from the probe cap can easily identify an intra-luminal foreign 
body, which is displayed on the screen as a densely echogenic 
image. This allows rapid and non-invasive ultrasonic assessment of 
the radial artery “at the bedside”. Sterile, acoustically transparent 
probe sheaths are available to allow aseptic examination. 

We suggest that ultrasonic assessment in a situation such as this 
would permit confident localization of a wayward fragment and, if 
available, represents a potential advance in management. 

D. R. BALL 
S. A. STOTT 
R. ROUSE 
Aberdeen Royal Infirmary 
Aberdeen - 
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Regional Anesthesia and Analgesia. D. L. BROWN (editor). 
Published by WB Saunders, Philadelphia. Pp. 749; indexed; 
illustrated. Price £99.00. 


This is an impressive reference book, with 750 pages and 59 
authors, the stated aim of which is “to fill the need for a clinically 
focused textbook of regional anesthesia and analgesia”. There is no 
doubt that it achieves this aim, albeit with a distinct bias towards 
North American practice; a more international blend of authors 
would add balance and avoid some of the parochialism that exists. 

By dividing the book into five sections, the huge amount of 
information is easy to navigate. Section one could be omitted as it 
contains only the personal views of the editor on regional anaes- 
thesia (better expressed as a foreword) and some history which 
rather emphasizes the minutiae of the early years of the American 
Society of Regional Anesthesia. Section two, “Basic science” is 
possibly the best in the book; it covers anatomy, neuroanatomy 
and neurophysiology in a refreshingly readable way, combining 
established facts with new data in a clinically relevant presenta- 
tion. In rapidly changing areas such as regional anaesthesia and 
the stress response (chapter 7), no textbook can be totally up to 
date but this is a good summary of recent work. The section ends 
with pharmacology; chapter 8 by de Jonge (“Local anesthetic 
pharmacology”) is a masterly climax and should be read by both 
examinee and examiner. 

Section three “Induction of regional anesthesia” starts with a 
whimper—an irrelevant chapter on equipment and some repeti- 
tive pharmacology. It gets into its stride with the core detail of the 
book, the systematic description of central and peripheral nerve 
blocks from head to toe. If some techniques are described rather 
concisely for a beginner, it is because Dr Brown has a companion 
volume Arlas of Regional Anesthesia (very practical and lavishly 
illustrated) which he would wish the reader to buy. 

While leaving room for disagreement with particular details of 
individual techniques, the chapters are well written with practical 
expertise and highlighted clinical notes to improve a novice’s 
chances. The advice on managing the conduct of a block and sub- 
sequent patient care during and after surgery is eminently sensible 
and underlines the stated aims of the book. Chapter 19, 
“Neuraxial blocks”, epitomizes the overall quality of this section 
and the ethos of the book itself. 

Section four covers the expected (physiological) and unex- 
pected (complications) effects of regional anaesthesia without too 
much repetition of earlier chapters, and section five discusses the 
use of regional anaesthesia in surgery, obstetrics and acute and 
chronic pain management. Inevitably, there is repetition, with 
some blocks being described several times in different parts of the 
book but minor criticisms aside, this section will repay time spent 
reading it. Of necessity, the chapters on pain are not comprehen- 
sive reviews of this major topic but more an attempt to put the use 
of regional anaesthesia into the correct perspective. Chapters 39 
(“Outcome after extradural anaesthesia”) and chapter 40 
(“Pharmacology of pain control”) are particularly good reviews of 
these very topical subjects. 

There are some excellent books on regional anaesthesia and 
pain management currently available and a large, expensive text- 
book must be special if it is to succeed, The editor and publishers 
have done everything possible to ensure that this book will 
succeed. It is beautifully produced, with clear and informative 
illustrations which enhance the text. 

H. B. F. Fischer 


Key Topics in Anaesthesia. T. M. CRAFT AND P. M. UPTON. 
Published by Bios Scientific Ltd, Oxford. Pp. 341; indexed, 
Price £21.95. 


This is the second edition of a book which has become one of the 
standard revision aids for trainee anaesthetists before post- 
graduate examinations. One either likes or hates this method of 
study for examinations. A quick flick through the book will read- 
ily indicate to which group one belongs. It is 341 pages of con- 
centrated fact. If it had been around when I took my examinations 
I would certainly have purchased it. 


There are 111 broad headings which could be considered as 
chapter titles from a larger textbook. These have then been 
arranged in alphabetical format. This does not necessarily make 
looking up individual topics easier. The book also has an index. 
However, Key Topics is not meant to be used in this way. It aims 
to provide a framework of information on key areas commonly 
appearing as topics in postgraduate examinations. In this it suc- 
ceeds and should form a useful revision aid. In addition, at the 
end of each “chapter” there are very helpful lists of related topics 
of interest and suggestions for further reading. The references 
given are topical and in the main up to date. 

The authors accept that the text is not comprehensive and some 
subspecialties such as intensive care, pain management and 
regional blocks are not well covered. (Perhaps these are areas for 
future inclusion in the Key Topics series.) However, there were 
also one or two omissions elsewhere. For instance, NCEPOD was 
covered but another favourite examination question on the Report 
on Confidential Enquiries into Maternal Deaths in the United 
Kingdom was not included. Also, treatment of pre-eclampsia and 
the diagnosis and treatment of TURP syndrome were not well 
covered. These points apart, the book is an excellent aid to both 
the examination candidate and examiner. I would expect well 
used copies to be present in all trainees’ brief cases. 

N. R. Webster 


The Pocket Companion to the Textbook of Critical Care Medicine. 
W. C. SHOEMAKER, A. GRENVIK, S. N. AYRES AND 
P. R. HOLBROOK. Published by WB Saunders, Philadelphia. 
Pp. 844; indexed; illustrated. Price £29.50. 


Management of the critically ill is a difficult and often intimidat- 
ing task for doctors in training. Combined with the recent increase 
in intensive care training requirements and the emphasis on a 
multidisciplinary approach to patient management, the publica- 
tion of The Pocket Companion to the Textbook of Critical Care 
Medicine is well timed. 

This text is intended to be a pocket book for the trainee doctor 
on intensive care assignment and aims to provide a step-by-step 
approach to the management of most clinical problems. Each 
chapter covers essential relevant physiology, patient work-up, 
monitoring and management. The range of topics covered is 
comprehensive and up to date, with particularly good chapters on 
paediatric and obstetric emergencies. 

Although the text is generally readable, clarity is sometimes 
obscured by a long-winded prose style. The cook book approach 
used in the chapter on resuscitation is confusing and likely to prove 
difficult to follow in the “heat of battle”. The algorithms included 
are detailed but lack impact because of the small print size. The 
absence of any references is disappointing and a little surprising. 
The book is, perhaps, more successful as a summary of the original 
Textbook of Critical Care Medicine than it is a convenient practical 
handbook for clinical use. 

Although based on North American practice, this does not 
detract from the value of the book for a physician working in inten- 
sive care anywhere in the world. It can be recommended more as a 
useful addition to the ICU library than an essential purchase. 


C. Hickey 


Current Topics tn Intensive Care, 3rd Edn. R. P. DELLINGER, H. 
BURCHARDI, G. J. Doss AND J. BION (editors), Published by 
WB Saunders, London. Pp. 282; indexed; illustrated. Price 
£30.00. 


This is the third in a series of pocket-sized texts which are pub- 
lished annually. It consists of 13 chapters, each with an extensive 
list of up-to-date references, written by 21 international contribu- 
tors, nine of whom work in the USA. It has been written for both 
clinicians practising intensive care and trainees preparing for post- 
graduate examinations. Six of the chapters discuss clinical topics. 
These are balanced by four chapters of basic scientific informa- 
tion, pertinent to clinical practice, on: nitric oxide in circulatory 
shock; animal models for research; adhesion molecules; and 
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formation and resolution of pulmonary oedema. There are also 
three reviews on modern radiographic imaging techniques, 
featuring Doppler echocardiography and transcranial Doppler 
ultrasonography. 

‘The chapters covering clinical topics have been well written and 
provide a valuable review of their subjects. Therapeutic monitor- 
ing of commonly used drugs such as antibiotics, anticonvulsants, 
digoxin and cyclosporin is considered in depth; the economics of 
monitoring drug concentrations is also examined. The fundamen- 
tals of mechanical ventilation, which are essential knowledge for 
any intensivist, are considered over three chapters and the clinical 
problems associated with managing the acute asthmatic patient 
are also discussed. The hazards of a ventilator strategy based on 
preset volume goals are detailed: such practice may now seem 
outdated to many British anaesthetists. Dr Nicholas Hill has 
reviewed the role of non-invasive positive pressure ventilation, 
concluding that carefully selected patients with chronic obstruc- 
tive airways disease are most likely to benefit from this new devel- 
opment. Clearly, non-invasive ventilation is an attractive 
alternative to tracheal intubation, but we have not yet found a role 
for it in acutely deteriorating postoperative patients. Mervyn 
Singer’s review of early enteral feeding in the acutely ill patient 
reminds us of how much better this nutritional route is, not only 
for our patients, but also for our budgets. This will be preaching 
to the converted for most intensivists, but I fear that not all of our 
surgical colleagues are fully convinced! 

Professor Eric Milne’s chapter on imaging techniques in the 
critically ill patient considers the value of such modern technolo- 
gies as computer tomography (CT), magnetic resonance imaging, 
ultrasound, angiography and nuclear imaging. His discourse on 
the plain chest x-ray will prompt me to look afresh at such films. 
However, considering the number of CT scans of head, thorax 
and abdomen performed on critically ill patients, I would prefer to 
have had the value of these investigations demonstrated by more 
illustrations. The chapter on echocardiography presents the back- 
ground to Doppler imaging and shows how mathematical manip- 
ulation allows cardiac output, intracardiac pressures and pressure 
gradients across the heart valves to be measured non-invasively. 
Several clinical studies are reviewed, and the potential which 
echocardiography has to complement the invasive cardiovascular 
monitoring, now so commonplace in intensive care practice, is 
acknowledged. 

The essay on adhesion molecules and tissue injury provides 
an insight into an important but complex area and suggests 
therapeutic approaches which may be developed. Professor 
Thiemermann explores the potential role for inhibitors of nitric 
oxide synthase in circulatory shock; these drugs are at present 
undergoing clinical trials in such patients. 

In summary, I enjoyed reading this book, with its useful reviews 
of many scientific and clinical topics relevant to present day inten- 
sive care practice. At £30, the price is typical of books of this size, 
but is good value. 

G. T. Taylor 


The Anaesthesia Viva: vol.l. J. URQUHART AND M. BLUNT. 
Published by Greenwich Medical Media, London. Pp 161; 
indexed; illustrated. Price £12.50. 


This book is yet another of those which aim to guide fellowship 
examination candidates to success. It comprises over 200 ques- 
tions on the basic sciences section of the new primary FRCA 
examination. However, it makes no attempt to cover the entire 
syllabus, but we are promised volume 2 later this year. 

The book is composed of 14 sections and three somewhat 
superfluous appendices. The subjects of the sections, 50% physi- 
ology and 50% pharmacology and statistics, reflect more or less 
the content of viva 1 of the examination. Cardiorespiratory topics 
make up the bulk of the first half and the remainder is reasonably 
well balanced. Pharmacology comprises 30% pharmacokinetics, 
pharmacodynamics and anaesthetic drugs, with the remainder 
divided fairly evenly, although statistics occupies only three pages. 
The format is that of question and explanatory answer, but the 
quality of the explanation is variable, for example “Can you draw 
the oxyhaemoglobin dissociation curve” is followed by the state- 
ment “If you cannot you will fail”. This is unfortunate as the 
diagram then contains an error on the label of the x axis! 
Oversimplification in the explanation sometimes leads to con- 
fusion, for example a line missed in the derivation of the shunt 
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equation fails to supply a logical sequence—not useful in a 
teaching book. 

The sequence of questions is somewhat random in places; 
isolated facts without relating a concept to an overall systematic 
review leads to inconsistency, for example different values given for 
ECF volume in different discussions of fluid distribution. Many of 
the questions are examiners’ favourites but may not appear in 
future “new exam” vivas! Similarly, there are old chestnuts (e.g. 
antibiotic interference with neuromuscular block) which are no 
longer relevant. There are sections on therapeutic regimens in a 
book purporting to be on basic physiology and pharmacology, but 
there is inconsistency in the absence of management guidelines in 
some subjects with a more fundamental physiological rationale. 

The typeface is very clear and the pages are presented in a clean 
format, but there are several typographical errors in equations and 
diagrams, surely unforgivable in these subjects. 

On the credit side, the book contains an enormous amount of 
factual material concentrated in an affordable volume. Some may 
enjoy this as a form of learning, where disjointed questions are 
supplied with explanations. A more organized approach could be 
gained by reading standard texts. As a means of self-assessment 
this format may have more to commend it. The preface, written 
by a member of the council of the College, gives important advice 
on using this book only as a supplement to standard texts, and this 
advice is reiterated at the end of the authors’ introduction, It is 
perhaps premature to assess the value of a book on postgraduate 
examinations in anaesthesia at a time when the system itself is 
undergoing change. However, the book is a timely and commend- 
able attempt to provide worthwhile assistance for the new 
generation of trainees in anaesthesia. 

D. Fell 


Perioperative Management for House Surgeons. P. R. HAMBLY AND 
M. C. SAINSBURY. Published by Bios Scientific Led, Oxford. 
Pp. 280; indexed; illustrated. Price £17.95. 


This is an excellent book. The authors, two senior registrars in 
anaesthesia, state in the preface that they hope the book will provide 
help with those questions to which, at 03:00, no one seems to have 
the answers; the book certainly achieves this objective. The text is 
divided into two sections, the first dealing with preoperative issues 
and the second with postoperative problems. The final part of the 
book consists of short, sharp, succinct “action plans”. The book 
covers all of the important areas involved in the perioperative 
management of patients. The style of writing is clear, to the point 
and often witty. The chapter on communicating with patients and 
colleagues is particularly well written and contains very useful advice 
for a new house surgeon. Indeed, the book is full of good, sound, 
practical tips and when I gave it to my own house surgeon to peruse 
I only got it back after a lot of pestering! The book can easily be read 
from start to finish as an educational exercise but, importantly, it is 
very well indexed and therefore easy to find information quickly. 
The action pages are particularly good. One minor quibble is that it 
would be nice to see an action page on postoperative chest pain. 

In summary, the authors have achieved their intended aim 
admirably and the book provides a wealth of important practical 
management tips and pathways for the perioperative patient. I 
have written to my Trust Risk Management Committee to suggest 
that every surgical houseman is given a copy of this book—it will 
be money well invested! 

N. F. M. London 


Diagnostic Testing in Emergency Medicine. A. B. WOLFSON AND 
P. M. Paris (editors). Published by WB Saunders, 
Philadelphia. Pp. 626; indexed. Price £30.00. 


This is an easy to read reference guide to tests available to 
clinicians in the emergency situation, not only in accident and 
emergency, but also in hospital. 

Broadly, it is divided into three sections: a general section with 
emphasis on tests used for paediatrics, pregnancy and the elderly; 
a second section on clinical syndromes, that is which test to do in 
a particular clinical situation (e.g. DVT); and a final section on 
diagnostic tests, taking each group of tests and discussing the 
value in specific situations based on the current clinical litera- 
ture (e.g. CT scanning, neurological, with a sub-section on 
intracerebral haemorrhage). 
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The book has been published by American physicians and 
obviously, therefore, has a clear American bias with considerably 
more emphasis on tests in diagnosis, compared with the British 
more clinically based diagnostic process. However, our own 
clinical practice is gradually changing. Therefore, this represents a 
well discussed and thoroughly referenced manual, which makes it 
easy to understand with supporting further reading. 

As we move into a more evidence-based system of medicine, 
any extra tests which we wish to perform have to be heavily 
justified to management. This, therefore, is a useful tool. 

Provided one interprets this book with a British clinical point of 
view, it is a useful reference book for those involved in emergency 
care, destined, more reasonably perhaps, to the hospital or 
departmental library rather than one’s back pocket. 


D. N. Quinton 


Handbook of Clinical Anaesthesia, J. C. GOLDSTONE AND B. J. 
PoOLLaRD (editors). Published By Churchill Livingstone, 
Edinburgh. Pp. 722; indexed; Ilustrated. Price: £50.00 


This paperback is in a somewhat new format. The editors have 
persuaded a large number of contributors to produce sets of 
guidance notes for anaesthetic problems. The approach is 
problem-orientated within three sections: patient problems, 
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surgical procedures and anaesthetic factors. Thus the order is as 
we might approach a patient—what are the general problems, 
what are the surgeons likely to do and what sort of anaesthetic 
problems may be encountered. This can lead to some duplication. 
For example, hyperthyroidism is discussed as a medical problem 
with advice as to perioperative management and later, by a differ- 
ent author, under the management of thyroidectomy. The thyroid 
operation also gets a mention under the difficult airway in the 
anaesthetic problem section. Such duplication is inevitable in this 
format but may well be a helpful reminder for anyone checking on 
a topic using the contents list rather than the index. But the list of 
topics is impressive: it covers virtually all the commoner medical 
problems and the types of surgery. 

Each small review uses lists and a standard format. There are 
cross references to other chapters and usually a bibliography of 
recent articles. The general effect is of a helpful set of notes for 
those of us who meet the occasional unusual problem and a very 
helpful set for those taking examinations. There are the occasional 
infelicitous comments. For patients to undergo abdominal aortic 
surgery we are advised to “reassure the patient and maintain a 
calm environment” in the anaesthetic room. Don’t all patients 
deserve this? Should we keep up the calm environment in the 
operating room and also afterwards? But this is a minor quibble; 
the book will be of practical help to most. 

J. Norman 


815 


AUTHOR INDEX 
VOLUME 77 
British Journal of Anaesthesia 
ARS = Anaesthetic Research Society Abstracts 
C = Correspondence 
E = Editorial 
R = Book Review 
e = Erratum 


ABDULATIF, M., MowaFl, H., AL-GHAMDI, A. and 
EL-SANABARY, M. Dose-response relationships for 
neostigmine antagonism of rocuronium-induced 
neuromuscular block in children and adults 710-715 

ABOULEISH, E. I. see ABRAMSON, D. C. 556-558 

ABRAM, S. E. see O’Connor, T. C., (C) 299-300 

ABRAMSON, D. C., ABOULEISH, E. I., PIVALIZZA, E. G., LUEHR, 
S. L., Myers, T. and PuLLIrs, M. D. Heparinase-guided 
thrombelastography in an anticoagulated parturient 
556-558 

ADAMS, A. P. and CASHMAN, J. N., (editors) Recent Advances in 
Anaesthesia and Analgesia — 19, (R) 303 

ADAMS, A. P. see Jonas, M., (C) 436-437 

ADAMS, D. H. and Nasu, G. B. Disturbance of leucocyte 
circulation and adhesion to the endothelium as factors in 
circulatory pathology 17-31 

ADISESHIAH, M. ses BARANOWSKI, A. P., (C) 699 

AGGARWAL, S. K. see DRIVER, I. K., (ARS) 694-695P 

AITKENHEAD, A. R. and Jones, R. M., (editors) Clinical 
Anaesthesia, (R) 702 

Axazawa, S. see ISHII, R. 393-398 

ALAHUHTA, S. see KARINEN, J. 140-144 

ALEXANDER- WILLIAMS, M. and BEDFORD, T. A. Effect of 
theophylline and forskolin on human respiratory cilia beat 
frequency in vitro, (ARS) 685P 

AL-GHAMDI, A. see ABDULATIF, M. 710-715 

ALHARBY, S. W. see Naau, M. 424-426 

ALLMAN, C. see GREBENIK, C. R. 356-359 

AMAHA, K. see SAKAI, F. 508-516 

ANDREWS, P. J. D. see Mascia, L., (ARS) 285-286P 

ANDRY, G. see EWALENKO, P. 463—467 

ANGEL, À. see ARNOTT, R. H., (ARS) 282P 

ANTOGNINI, J. F. see FLEMING, N. W. 492-495 

AOYAMA, K., TAKENAKA, I., SATA, T. and SHIGEMATSU, À. Use 
of the fibrescope—video camera system for difficult trachael 
intubation 662-664 

APPADU, B, L. see CBMBALA, T. M., (ARS) 291-292P 

ARANOW, J. S. and Fink, M. P. Determinants of intestinal 
barrier failure in critical illness 71-81 

ARENDT-NIELSEN, L., NIELSEN, J., PETERSEN-FELIX, S., 
SCHNIDER, T. W. and ZBINDEN, A. M. Effect of racemic 
mixture and the (S+)-isomer of ketamine on temporal and 
spatial summation of pain 625-631 

ARENDT-NISLSEN, L. see PETERSEN-FELIX, S. 165-171; WILDER- 
SMITE, O. H. G., (e) 566-567 

ARMSTRONG, M. A. see McBripz, W. T., (C) 129-130 

ARNOTT, R. H. and ANGEL, A. Effect of etomidate on the mass 
response of cells of cortical lamina V evoked by antidromic 
activation in the urethane-anaesthetized rat, (ARS) 282P 

ARSENIEV, L. see HEINE, J. 387-392; Leuwsr, M., (ARS) 
282-283P 

ASAHARA, H. ses IGARASHI, T. 347-351 

Asal, T., Vickers, M. D., MAPLESON, W. W. and POWER, I. 
Effects of alpha,-adrenoceptor agonists on gastric emptying 
and gastrointestinal transit in the rat, (ARS) 686P 

ASBURY, A. J. see HAMD, S. K. 727-730 

ASHURST, N., Rout, C. C., Rocke, D. A. and Gouws, E. Use of 
mechanical simulator for training in applying cricoid 
pressure 468—472 

ATGER, J. see MANN, C. 795-797 

ATHERTON, D. P. L., O'SULLIVAN, E. and CHARTERS, P. A 
fibreoptically guided exchange bougie, (ARS) 288-289P 

AUBIER, M. see DE LARMINAT, V. 232-237 

AUN, C. S. T. see Lim, T. A., (ARS) 289-290P 

AYRES, S. N. see SHOEMAKER, W. C., (R) 812 


BADDELEY, D. T. see MARDEL, S. N., (C) 700-701 

Baer, S. H. see CHUNG, C. J. 145-149 

BAK, P. see PETERSEN-FELIX, S. 165--171 

Baker, D. M. see BAXENDALE, B, R. 581-585 

BAKHAMEES, H. S. see NAGUIB, M. 424—426 

BALL, D. R., Stott, S. A. and Rouse, R. Locating an arterial 
foreign body by ultrasonography, (C) 811 

SERMOUN, A. P. and ADISESHIAH, M. Aortic stent surgery, 
(C) 699 

BARRETT, P. J. see DEMPSEY, G. A., (ARS) 284P 

BARTRAM, D. H. see YOUNG, L. E. 773—780 

BARTUNEK, A. ses SCHRAMM, W. M. 607-611 

BASTIEN, O. see PIRIOU, V. 277—280 

Baum, J. A. and NUNN, G. Low Flow Anaesthesia, (R) 134-135 

Baurain, M. J., Horon, F., D'HOLLANDER, A. A. and 

, F. R. Is recovery of neuromuscular 

transmission complete after the use of neostigmine to 
antagonize block produced by rocuronium, vecuronium, 
atracurium and pancuronium? 496—499 

BAXENDALE, B. R., Baker, D. M., HUTCHINSON, A., CHUTER, 
T. A. M., WENHAM , P. W. and Hopxinson, B. R. 
Haemodynamic and metabolic response to endovascular 
repair of infra-renal aortic aneurysms 581-585 

Beatty, P. C. W. and Youna, D. Preliminary study of 
prediction of ICU mortality by artificial neural network, 
(ARS) 287-288P 

Bgatry, P. C. W. see DEVINE, A., (ARS) 289P 

Beck, E., LANGER, M., D1 Mauro, P. and Prato, P. Efficacy of 
intraoperative heat administration by ventilation with warm 
humidified gases and an oesophageal warming system 
530-533 

BECKETT, G. J. see Ray, D. C. 404-407 

BEDFORD, T. A. see ALEXANDER-WILLIAMS, M., (ARS) 685P 

DE BEER, N. A. M., van Hoorr, J. C., BRUNIA, C. H. M., 
CLUITMANS, P. J. M., KORSTEN, H. H. M. and BENEKEN, 
J. E. W. Midlatency auditory evoked potentials as 
indicators of perceptual processing during general 
anaesthesia 617-624 

BELLAMY, M. C. see SABRINE, ÀA., (ARS) 693P 

BENEKEN, J. E. W. see DE BEER, N. A. M. 617—624 

BENHAMOU, D. see LENTSCHENER, C., (C) 810 

BERGLUND, J. E. see FREDEN, F. 413-418 

BERRADA, K. see CHASSARD, D. 271-273 

BERRADA, K. R. see CHASSARD, D, 781-783 

BERRY, A. see BRIMACOMBE, J., (C) 295-296 

Burry, P. D. see MAHON, S. V., (ARS) 691P 

BESSON, J.-M. see BURITOVA, J. 645-652 

BewLAY, M. A. and LAURENCE, A. S. Caesarean section; efficacy 
of morphine patient-controlled anaesthesia vs ketorolac 
infusion, (ARS) 687P 

BIBER, B. see LENNANDER, 0). 399-403 

Br, W. L. and Moore, E. E. Splanchnic 
ischaemia/reperfusion and multiple organ failure 59-70 

BIGATELLO, L. M. and Zapot, W. M. New approaches to acute 
lung injury 99-109 

Binne, C. see Cov, D. L. K., (ARS) 688-689P 

BION, J. and STRUNIN, L. Multiple organ failure: from basic 
science to prevention, (E) 1—2; The intensive care unit cost 
of surviving and dying, (C) 698-699 

BION, J. see DELLINGER, R. P., (R) 812-813 

Bion, J. F. see CHow, B. F. M., (ARS) 687—688P 

Brrcu, P. J. see Hupsrirs, M. J., (ARS) 691-692P 

BISHOP, G. see HILLMAN, K., (R) 702 

BisHop, M. J. see Wu, R. S. C. 735-738 

BLACK, A. see KELLEHER, A. A. 586-590 


816 


BLACKWELL, T. S. and CHRISTMAN, J. W. Sepsis and cytokines: 
current status 110-117 

BLAISE, G. see VAN OBBERGH, L. J. 227-231 

BLISSITT, K. J. see YOUNG, L. E. 773-780 

BLUNT, M. see URQUHART, J., (R) 813 

» G. see MANN, C. 795-797 

BOCZKOWSKI, J. see DE LARMINAT, V. 232-237 

BODENHAM, A. R. see MALLICK, A. 731-734 

BOGAARD, H. J. see WOLTJER, H. H. 748-752 

Bocon, D. G., (editor) Clinical Anaesthesiology —International 
Practice and Research—Obstetric Anaesthesia, (R) 134 

BOLDT, J., MUELLER, M., MENGES, T., PAPSDORF, M. and 
HEMPELMANN, G. Influence of different volume thera 
regimens on regulators of the circulation in the criti ill 
480—487 


BoMONT, R. see Ray, D. C. 404-407 

Booy, L. H. D. J., (editor) Neuromuscular Transmission. 
Fundamentals of Anaesthesia and Acute Medicine Series, (R) 
565 

Boor, L. H. D. J. see VANLINTHOUT, L. E. H., (C) 561-562 

Booxsr, P. D., Prosssr, D. P. and FRANKS, R. Effect of 
hypothermia on rectal mucosal perfusion in infants 
undergoing cardiopulmonary bypass 591-596 

Booxsr, P. D., ROMER, H. and FRANKS, R. Gut mucosal 
perfusion in neonates undergoing cardiopulmonary bypass 
597—602 

Borsoox, D., LEBEL, A. A. and McPrex, B., (editors) The 
Massachusetts General Hospital Hand Book of Pain 
Management, (R) 134 

Bose, D. see ECKERSALL, S., (ARS) 692P 

BOULÉTREAU, P. see CHASSARD, D. 271-273; 458—462; 
781-783 

Bountra, C. see HupsrPIrtTa, M. J., (ARS) 691-692P 

BowpeN, M. I. see CHow, B. F. M., (ARS) 687-688P 

Bower, S. see THOMPSON, J. P., (ARS) 290-291P 

Bownay, A. R. see May, H. A. 200-202 

Bran, A. I. J. see BRIMACOMBE, J., (C) 295-296 

BRENNUM, J. see ILKJAER, S., (e) 567 

BRIMACOMBE, J., BERRY, A. and BRAN, A. I. J. Optimal 
intracuff pressures with the laryngeal mask, (C) 295-296 

BROOMHEaD, C. J. and VauGHAN, D. Difficult tracheal 
intubation, (C) 436 

BROSNAN, S., ROYSTON, B. and Wurtz, D. Performance of 
vaporizers in circle systems [III], (ARS) 684P 

Brown, D. L., (editor) Regional Anesthesisa and Analgesia, (R) 
812 

Brownz, D. R. G. see TINKER, J., (R) 563 

Browne, T., HIROTA, K. and LAMBERT, D. G. Is the neuronal 
dihydropyridine binding site on L-type calcium channels a 
target for local anaesthetic agents? (ARS) 290P 

Brunia, C. H. M. see DE BERR, N. A. M. 617-624 

BRYSSINE, B. see CHASSARD, D. 781-783 

BUCHMAN, T. G. see COBB, J. P. 3-10 

BURCHARDI, H. see DELLINGER, R. P., (R) 812-813 

BURITOVA, J., FLETCHER, D., HONORÉ, P. and BEsson, J.-M. 
Effects of local anaesthetics on carrageenan-evoked 
inflammatory nociceptive processing in the rat 645-652 

Burm, A. G. L. see VEERING, B. Th. 343-346 

BUTLER, P. J., MUNRO, H. M. and Kenny, M. B. 
Preoxygenation in children using expired oxygraphy 
333-334 

BYRNE, S. see ORLIKOWSKI, C. E. P. 157-161 


CALATZIS, A. N. see ENTHOLZNER, E. K., (C) 809 
CAMPBELL, D., PARR, M. J. A. and SHUTT, L. E. Unrecognized 
“crack” cocaine abuse in pregnancy 553-555 

CAMPBELL, I. T. see DEVINE, A., (ARS) 289P 

CAMPRUBI, I. and SABATE, A. Perioperative mucosal pH, in 
orthoropic liver transplantation, (C) 560-561 

F. R. see BAURAIN, M. J. 496—499 

CARABINE, U. A. ses Katty, M. C., (ARS) 686P 

CARANZA, R., NANDWANI, N. and SOMMERVILLE, T. Assessment 
of vocal cord function using tussometry, (ARS) 290P 

CARLI, F. see JONAS, M., (C) 436-437; SCULL, T. J. 274-276 

CARR, C. see Pac-Soo, C. K. 370-374 

CARROLL, D., TRAMER, M., McQuay, H., NYE, B. and MOORE, 
A. Randomization is important in studies with pain 
outcomes: systematic review of transcutaneous electrical 
nerve stimulation in acute postoperative pain 798-803 

CASHMAN, J. N. see ADAMS, A. P., (R) 303 

CavILL, G, SIMPSON, E. J. and MAHAJAN, R. P. Effect of 
carbon dioxide on cerebral autoregulation as assessed by 
the transient hyperaemic response test, (ARS) 685_686P 

CEMBALA, T. M., APPADU, B. L. and LAMBERT, D. G. 
Interaction of vecuronium with recombinant human m2 
muscarinic receptors, (ARS) 291-292P 

Cuag, K. Y. see CHUNG, C. J. 145-149 


AUTHOR INDEX 


CHAMBERS, W. A. and Paty, R. E. Clinical Scenarios in 
Anaesthesia, (R) 133 

Cuan, M. T. V. and Gin, T. CSF progesterone and spread of 
subarachnoid anaesthesia in pregnancy, (C) 293 

CHARBONNEAU, M. see VAN OBBERGH, L. J. 227-231 

CHARTERS, P. What future is there for predicting difficult 
intubation? (E) 309-311 

CHARTERS, P. see ATHERTON, D. P. L., (ARS) 288-289P 

CHASSARD, D., BERRADA, K., TOURNADRE, J. P. and 
BOULÉTREAU, P. Calcium homeostasis during i.v. infusion 
of 1.5% glycine in anaesthetized pigs 271-273 

» D., MATHON, L., DAILLER, F., GOLFIER, F., 

TOURNADRE, J. P. and BOULÉTREAU, P. Extradural clonidine 
combined with sufentanil and 0.0625 % bupivacaine for 
analgesia in labour 458-462 

CHASSARD, D. and TouRNADRE, J. P. Glycine absorption and 
hypocalcaemia, (C) 811 

CHASSARD, D., TOURNADRE, J. P., BERRADA, K. R., BRYSSINE, B. 
and BOULETREAU, P. Effect of halothane, isoflurane and 
desflurane on lower oesophageal sphincter tone 781—783 

CHEEK, T. G., SAMUELS, P., MILLER, F., TOBIN, M. and 
GUTSCHE, B. B. Normal saline i.v. fluid load decreases 
uterine activity in active labour 632—635 

CHIN, Y. J. see CHUNG, C. J. 145-149 

CHON, S. U. see Kim, K. S. 612-616 

CHow, B. F. M., BOWDEN, M. I., Ho, E., WEATHERLEY, B. C. 
and Bion, J. F. Pharmacokinetics of atracurium after 
paediatric orthotopic liver transplantation, (ARS) 
687-688P 

CHRISTMAN, J. W. see BLACKWELL, T. S. 110-117 

Cuz, D. L. K., Hewitt, P. B., POLKEY, C. E. and BINNE, C. 
Effect of propofol on the electrocorticogram in patients 
undergoing cortical resection, (ARS) 688—689P 

CHONG, C. J., BAE, S. H., CHAR, K. Y. and CHN, Y. J. Spinal 
anaesthesia with 0.25 % hyperbaric bupivacaine for 
Caesarean section: effects of volume 145-149 

CHUTER, T. A. M. see BAXENDALE, B. R. 581-585 

CLAUDEL, J.-Ph. see PIRIOU, V. 277-280 

CLUITMANS, P. J. M. ses DE BEER, N. A. M. 617-624 

CLUTTON, R. E. see YOUNG, L. E. 773—780 

COAKLEY, J. H. see O’Lzary, M. J. 118-127 

Coss, J. P., HorcHriss, R. S., KARL, I. E. and BUCHMAN, 
T. G. Mechanisms of cell injury and death 3—10 

COLSON, P. see MANN, C. 795-797 

CONWAY, F. see CRITCHLEY, L. A. H., (C) 808-809 

CORIAT, P. see RUEL, P. 653—657 

CORMACK, R. S. see JONAS, M., (C) 436—437 

COZIAN, A. see MALINOVSKY, J.-M. 203—207 

CRAFT, T. M. and UPTON, P. M. Key Topics in Anaesthesia, (R) 
812 

CRITCHLEY, L. A. H. and Conway, F. Hypotension during 
subarachnoid anaesthesia, (C) 808-809 

CUNNINGHAM, D. D., HUANG, S., WEBSTER, J., MAYORAL, J. 
and GRABENKORT, R. W. Sevoflurane degradation to 
compound A in anaesthesia breathing systems 537-543 

CuRATOLO, M., FEIGENWINTER, P., PETERSEN-FELIx, S. and 
ZBINDEN, A. M. Fuzzy logic control of inspired volatile 
anaesthetic concentrations, (C) 808 


DAFNI, U. see MICHALOPOULOS, A. 208-212 

DARL, J. B. see ILKJAER, S., (e) 567 

DALLER, F. see CHASSARD, D. 458—462 

DANEEL, M. Cost of volatile anaesthetic agents, (C) 437; 
Sevoflurane, (C) 294-295 

DAUNDERER, M. see SCHWENDER, D. 179-184 

Davis, I. see SHAn, U. S. 430—431 

DE LANGE, S. see ROEKAERTS, P. M. H. J. 427—429 

DEAcCoCK, S. see Pac-Soo, C. K. 370-374 

DEAKN, C. D. Convective ing after CABG, (O) 298-299 

DEARDEN, N. M. see MALLICK, A., (C) 297-298 

DE Boo, T. see VANLINTHOUT, L. E. H., (C) 561-562 

DEJONCKHEERE, M. see EWALENKO, P. 463—467 

DELLINGER, R. P., BURCHARDI, H., Doss, G. J. and BION, J., 
(editors) Current Topics in Intensive Care, 3rd Edn, (R) 
812-813 

DELPY, D. see OWEN-REECE, H., (C) 131 

DEMPSEY, G. A., BARRETT, P. J. and Krrsy, J. Hyaluronidase 
and peribulbar block, (ARS) 284P 

DERIGHETTI, M. see SCHAUBLIN, J. 636—641 

DESMONTS, J. M. see Kerta, H. 254-256 

DESMONTS, J.-M. see DE LARMINAT, V. 232-237 

VAN DEVENTER, S. J. H. see OUDEMANS-VAN STRAATEN, H. M. 
473—479 

DEVINE, A., BEATTY, P. C. W., MORTIMER, A. J. and CAMPBELL, 
LT. Effect of reduced density gas breathing on 
oxygenation in ventilated anaesthetized patients, (ARS) 
289 


AUTHOR INDEX 


DE VRIES, P. M. J. M. see WOLTJER, H. H. 748-752 

D’HOLLANDER, A. A. Is Doppler monitoring mandatory in 
laparoscopic surgery? (C) 807 

D HOLLANDER, A. A. see BAURAIN, M. J. 496—499 

D'HONNEUR, G., SLAVOV, V., MERLE, J.-C., Krrov, K., 
RIMANIOL, J.-M., SPERRY, L. and DUVALDESTIN, P. 
Comparison of the effects of mivacurium on the diaphragm 
and geniohyoid muscles 716-719 

DIBENEDETTO, D. J. see Morris, G. N. 419-420 

Dı Mauro, P. see BECK, E. 530-533 

DoBB, G. J. ses DELLINGER, R. P., (R) 812-813 

DOENICKE, A., Moss, J., Lorenz, W., MAYER, M., RAU, J., 
JEDRZEJEWSKI, A. and OsTWALD, P. Effects of oral 
antihistamine premedication on mivacurium-induced 
histamine release and side effects 421—423 

DORMAN, F. see ECKERSALL, S., (ARS) 692P 

DOWNING, R. see SHAN, U. S. 430-431 

ae M. see HAWTHORNE, L., (C) 559; (C) 559-560; (C) 

DRIVER, I. K., WATSON, B. J., MENON, D. K., AGGARWAL, S. K. 
and Jongs, J. G. Bis index is a state-specific measure 
of cortical arousal, (ARS) 694-695P 

DROBIN, D. and Haun, R. G. Time course of increased 
haemodilution in hypotension induced by extradural 
anaesthesia 223-226 

DRUMMOND, G. B. Volumetric analysis of aeration in the lungs 
during general anaesthesia, (C) 697-698 

DRUMMOND, G. B., NIMMO, A. F. and ELTON, R. A. Thoracic 
impedance used for measuring chest wall movement in 
postoperative patients 327-332 

DRUMMOND, G. B. see NIMMO, A. F. 317-326; SPENS, H. J. 
194-199 

Du, H., Oru, R., YAMADA, Y., HAYASHITA, M., Kin, N., 
Suwa, K. and HANAOKA, K. Pancuronium increases 
pulmonary arterial pressure in lung injury 526-529 

DUNKEL, P. see NEMI, L. 544-545 

DUREUL, B. see DE LARMINAT, V. 232-237 

DUVALDESTIN, P. see D'HONNEUR, G. 716-719 

Dyzr, M. W. and MILLAR, F. A. A complication of intra- 
arterial shunting during carotid endarterectomy, (C) 699 

DzoLjic, M., ERDMANN, W. and DzoLjic, M. R. Visual evoked 
potentials and nitrous oxide-induced neuronal depression: 
role for benzodiazepine receptors 522-525 

DzoLjic, M. R. see DzoLJic, M. 522-525 


ECKERSALL, S., Bose, D. and DORMAN, F. Effect of combining 
tramadol with piroxicam for analgesia after total hip 
replacement, (ARS) 692P 

Ecorrey, C. see ESTEBE, J.-P. 786-788 

Epwarps, M. D., Jones, R. M. and Lees, G. Modulation of 
recombinant invertebrate GABA, receptors by isofturane: 
effects of a point mutation in the M2 domain, (ARS) 281P 

EIJSMAN, L. see OUDEMANS-VAN STRAATEN, H. M. 473-479 

Ex-Beuesy, B. A. Z., James, D., Kon, K. F., Hsc, N. and 
YENTIS, S. M. Distinguishing cerebrospinal fluid from 
saline used to identify the extradural space 784-785 

ELLIOT, P. J. see Hupsprru, M. J., (ARS) 691-692P 

ELLIS, F. R. see SMITH, P. D., (ARS) 283-284P 

EL-SANABARY, M. see ABDULATIF, M. 710-715 

ELTON, C. D. see May, A. E., (ARS) 692-693P 

ELTON, R. A. see DRUMMOND, G. B. 327-332 

ELWELL, C. see Owen-Reece, H., (C) 131 

EMMENDORFFER, A. see LEUWERI, M., (ARS) 695P 

ENsINK, F. B. M. see Fotu, H. 257-264 

ENTHOLZNER, E. K., CALATZIS, A. N., MIELRE, L. L., KLING, 
M. and HIPP, R Haemodilution induces a hypercoagulable 
state, (C) 809 

ERDMANN, W. see DZOLJIC, M. 522-525 

ESTEBE, J.-P., LE NAOURES, A., MALLEDANT, Y. and ECOFFEY, 
C. Use of a pneumatic tourniquet induces changes in 
central temperature 786-788 

Everitt, B. S. The Cambridge Dictionary of Statistics in the 
Medical Sciences, (R) 133-134 

EWALENKO, P., JANNY, S., DEJONCKHEERE, M., ANDRY, G. and 
Wyns, C. Antiemetic effect of subhypnotic doses of 
propofol after thyroidectomy 463-467 


FACCENDA, K. A. see Morrison, L. M. M., (C) 129 

FARINOTTI, R. see DE LARMINAT, V. 232-237 

Farmery, A. D. and Kone, A. Hypercoagulability induced by 
crystalloids, (C) 132 

FEIGENWINTER, P. see CURATOLO, M., (C) 808; SCHAUBLIN, J. 
636-641 

FENG, J. and KENDIG, J. J. Synergistic interactions between 
midazolam and alfentanil in isolated neonatal rat spinal 
cord 375-380 


817 


FERRANDO, A., FRAILE, J. R., GARUTTI, I., HERVIAL, M. and 
Nava, J. Is Doppler monitoring mandatory in 
laparoscopic surgery? (C) 807 

Frexps, H. L., (editor) Core Curriculum for Professional 
Education in Pain, 2nd Edn, (R) 703 

Fink, M. P. see ARANOW, J. S. 71-81 

FINSTERER, U. ses SCHWENDER, D. 179-184 

Fiscumr, H. B. J. see Pinnock, C. A., (R) 702 

FISCHER, M. see PETERSEN-FELIX, S. 165-171 

FLEMING, B. G. ses MUNGLANI, R., (C) 300-301 

FLEMING, N. W., Macrgs, S., ANTOGNINI, J. F. and VENGCO, J. 
Neuromuscular blocking action of suxamethonium after 
antagonism of vecuronium by edrophonium, 
pytidostigmine or neostigmine 492-495 

FLETCHER, D. see Burrrova, J. 645-652 

Forbes Howi, A. see Ray, D. C. 404-407 

Foster, R. N. and Rocers, C. M. Spinal anaesthesia for 
Caesarean section, (C) 301 

Fort, H., SCHRÖDER, T., KRAUS, B., HERING, J. P., ENSINK, 
F. B. M. and HELLIGE, G. Myocardial extraction of 
bupivacaine in anaesthetized sheep and by hearts of sheep 
and rats in vitro 257-264 

FOUBERT, L. see POULTON, B. B. 534-536 

FRALE, J. R. see FERRANDO, A., (C) 807 

FRAME, W. T. see JAMES, K. S. 150-152 

FRANKS, R. see BOOKER, P. D. 591-596; 597-602 

FREDEN, F., BERGLUND, J. E., REBER, A., HÖGMAN, M. and 
HEDENSTIERNA, G. Inhalation of a nitric oxide synthase 
inhibitor to a hypoxic or collapsed lung lobe in 
anaesthetized pigs: effects on pulmonary blood fow 
distribution 413-418 

Fucus-Buper, T. and Tassonyl, E. Intubating conditions and 
time course of rocuronium-induced neuromuscular block in 
children 335-338 

FUGATE, J.-H. see Topres, I. D., (R) 564 

EURA H. see HIRABAYASHI, Y. 153-156; 352-355; IGARASHI, 

. 347-351 


GAISER, R. R. and SEEM, E. H. Use of rocuronium in a 
pregnant patient with an open eye injury, receiving 
magnesium medication, for preterm labour 669—671 

GALLEY, H. F. and WEBSTER, N. R. The immuno-inflammatory 
cascade 11-16 

Gao, F. see Harris, D., (ARS) 695-696P 

GARUTTI, I. see FERRANDO, A., (C) 807 

GENT, J. P. see GOODCHILD, C. S. 758-763 

GEORGE, S. J. Transoesophageal echocardiography in 
anaesthesia and intensive care, (C) 700 

GEROULANOS, S. see MICHALOPOULOS, A. 208-212 

GresIncer, S, see SPARR, H. J. 339-342 

GILLMAN, M. A. and LICHTIGFELD, F. J. Effect of naloxone on 
nitrous oxide analgesia, (C) 435 

GILLY, H. see SCHRAMM, W. M. 607-611 

Grimson, A. E. S. Fulminant and late onset hepatic failure 
90-98 

Gin, T. see CHAN, M. T. V., (C) 293; Lim, T. A., (ARS) 
289-290P 

GINSBURG, R., see KAUFMAN, L., (R) 564 

GIRBES, A. R. J., LIEVERSE, A. G., SMIT, A. J., VAN 
VELDHUISEN, D. J., ZWAVELING, J. H., MEIJER, S. and 
REITSMA, W. D. Lack of specific renal haemodynamic 
effects of different doses of dopamine after infrarenal aortic 
surgery 753-757 

Gm.ne, K. J., » M. S. and MAHAJAN, R. P. Onset of 
neuromuscular block. at the larynx using video imaging, 
(ARS) 283P 

GIRLING, K. J. see WRENCH, I. J. 162-164 

GOLDSTONE, J. see OWEN-REECE, H., (C) 131 

GOLDSTONE, J. C. and POLLARD, B. J., (editors) Handbook of 
Clinical Anaesthesia, (R) 814 

GOLFIER, F. see CHASSARD, D. 458—462 

GOMERSALL, C. D. see NGAN Km, W. D. 550-552 

GooDcHILD, C. S., GUO, Z., MUSGREAVE, A. and GENT, J. P. 
Antinociception by intrathecal midazolam involves 
endogenous neurotransmitters acting at spinal cord delta 
opioid receptors 758-763 

Gouws, E. see ASHURST, N. 468-472; ORLIKOWSEI, C. E. P. 
157-161; RAMADHANI, S. A. L. 312-316 

Gouws, F. see RAMADHANI, S. A. L., (e) 701 

GRABENKORT, R. W. see CUNNINGHAM, D. D. 537-543 

GRAY, C. ses SWINHOE, C. F., (ARS) 286-287P 

GREBENIK, C. R. and ALLMAN, C. Nausea and vomiting after 
cardiac surgery 356-359 

GREEN, J. D. and Moors, U. J. A modification of sub-mental 
intubation 789-791 

GREENSLADE, G. L. see TooLBY, M. A. 720-726 

GREGER, G. and WINDHORST, U., (editors) Comprehensive 


818 


Human Physiology from Cellular Mechanisms to Integrations, 
vols 1 and 2, (R) 563-564 

GREIM, C.-A., ROEWER, N., Laux, G. and SCHULTE AM ESCH, J. 
On-line estimation of left ventricular stroke volume using 
transoesophageal echocardiography and acoustic 
quantification 365-369 

GRENVIK, A. see SHOEMAKER, W. C., (R) 812 

GÜNNICKER, M. see Karzar, W. 603—606 

Guo, Z. see GOODCHILD, C. S. 758-763 

GUTSCHE, B. B. see CHEEK, T. G. 632-635 


Hasre, W., MATSUMOTO, I. and SLY, P. D. Propofol or 
halothane anaesthesia for children with asthma: effects on 
respiratory mechanics 739-743 

Hann, R. G. Glycine absorption and hypocalcaemia, (C) 
810-811 

Hawn, R. G. see DROBIN, D. 223-226 

HALL, G. M. see SBEERAN, P., (C) 129 

HALL, J. D. and Lockwoon, G. G. Topographic distribution of 
the bispectral index, (ARS) 689-690P 

HALPERIN, H. R. see Parapis, N. A., (R) 703 

HALSALL, P. J. see SMITS, P. D., (ARS) 283-284P 

HAMBLY, P. R. and Sarssury, M. C. Perioperative 
Management for House Surgeons, (R) 813 

Hamm, S. K., McCann, N., MCARDLE, L. and ASBURY, A. J. 
Comparison of patient-controlled sedation with either 
methohexitone or propofol 727-730 

HAMMAREN, E., YLI-HANKALA, A., ROSENBERG, P. H. and 
HYNYNEN, M. Cardiopulmonary b -induced changes 
in plasma concentrations of propofol and in auditory 
evoked potentials 360-364 

HAMMOND, E. J. and McInpog, A. K. Cusum: a statistical 
method to evaluate competence in practical procedures, (C) 
562 

Hanaoka, K. see Du, H. 526-529 

Hanovuz, J.-L. see RUEL, P. 653-657 

Hanson, E. W. see Morris, G. N. 419-420 

HarLeEY, D. H. see Parris, C., (R) 303 

Harey, I. D., Jones, E. F., Liu, G., MCCALL, P. R. and 
MeNIco1, P. L. Orthotopic liver transplantation in two 
patients with hypertrophic obstructive cardiomyopathy 
675—677 

Harness, W. see OwEN-REECE, H., (C) 131 

HARPER, L. see Lots, C. J. 82-89 

Harris, D., Gao, F., WILSON, J., SAPSED-BYRNE, S., SMITH, P. 
and TAYLOR, K. S-100 concentrations during hypothermic 
and normothermic cardiopulmonary bypass, (ARS) 
695—696P 

Harrison, S. see Hupsprru, M. J., (ARS) 691-692P 

HARRISON, S. J. see PONTE, J., (C) 299 

HAUPTFLEISCH, J. J. and PAYNE, K. A. An oral sodium 
citrate—citric acid non-particulate buffer in humans 
642—644 

HAWTHORNE, L., WILSON, R., LYONS, G. and DRESNER, M. 
Failed tracheal intubation, (C) 559-560; Failed tracheal 
intubation, (C) 559; Failed tracheal intubation, (C) 560 

HAYASHITA, M. see Du, H. 526-529 

Hear, D. P. see May, H. A. 200-202 

HEDENSTIERNA, G. see FREDEN, F. 413-418; REBER, A., (C) 698 

HEINE, J., LEUWER, M., SCHEINICHEN, D., ARSENTEY, L., 
JAEGER, K. and PIEPENBROCK, S. Flow cytometry evaluation 
of the in vitro influence of four i.v. anaesthetics on 
respiratory burst of neutrophils 387--392 

HEINE, J. see LEUWERI, M., (ARS) 695P 

HEINE, J. F. see LEUWER, M., (ARS) 282-283P 

HELLIGE, G. see Fors, H. 257-264 

HEMPELMANN, G. see BOLDT, J. 480-487 

HENRIKSSON, B-A. see LENNANDER, Ö. 399-403 

HENZEL, D. see KEITA, H. 254-256 

HERING, J. P. see Foru, H. 257-264 

HERNDON, D. N., (editor) Total Burn Care, (R) 135 

HERVIAL, M. see FERRANDO, A., (C) 807 

HewrTT, P. B. see Cou, D. L. K., (ARS) 688-689P 

HICKLING, K. G. see Joyce, C. J. 678-683 

HILL, D. A. see KELLY, M. C., (ARS) 686P 

HILLMAN, K. and BisHop, G. Clinical Intenstve Care, (R) 702 

HINDLE, A. T. and HopxNs, P. M. Effects of 5- 
hydroxytryptamine on the partially curarized rat phrenic 
nerve diaphragm preparation, (ARS) 694P 

Hirr, R. see ENTHOLZNER, E. K., (C) 809 

HIRABAYASHI, Y. CSF progesterone and spread of subarachnoid 
anaesthesia in pregnancy, (C) 293-294 

HIRABAYASHI, Y., SHIMIZU, R., FUKUDA, H., Sarrou, K. and 
IGARASHI, T. Soft tissue anatomy within the vertebral canal 
in pregnant women 153-156 g 

HIRABAYASHI, Y., SHIMIZU, R., Sarrou, K., FUKUDA, H. and 
IGARASHI, T. Acid—base state of cerebrospinal fluid during 


AUTHOR INDEX 


pregnancy and its effect on spread of spinal anaesthesia 
352-355 

HIRABAYASHI, Y. see IGARASHI, T. 347-351 

Hrraora, M. see SAKAI, F. 508-516 

HIROTA, K. and LAMBERT, D. G. I.v. anaesthetic agents do not 
interact with the verapamil binding site on L-type voltage- 
sensitive Ca?+ channels 385—386; I.v. anaesthetic agents 
inhibit dihydropyridine binding to L-type voltage-sensitive 
Ca?+t channels in rat cerebrocortical membranes 248-253; 
Ketamine: its mechanism(s) of action and unusual clinical 
uses, (E) 441-444 

HIROTA, K. see BROWNE, T., (ARS) 290P 

Hmsca, N. see EL-BEuHEsy, B. A. Z. 784-785 , 

Ho, E. see CHow, B. F. M., (ARS) 687—688P 

HOBBHAHN, J. see HOERAUF, K. H. 189-193 

HoBBs, G. see STEWART, P., (ARS) 287P 

Hosss, G. J. see WRENCH, I. J. 162-164 

Hosravr, K. H., KOLLER, C., JAKOB, W., TABGER, K. and 
HOBBHAHN, J. Isoflurane waste gas exposure during 
general anaesthesia: the laryngeal mask compared with 
tracheal intubation 189-193 

HÖGMAN, M. see FREDEN, F. 413-418 

HOo.sroox, P. R. see SHOEMAKER, W. C., (R) 812 

HOLLENSTEIN-ZACKE, M. see SPARR, H. J. 339-342 

HONDA, T. see SHIMAOKA, M. 238—242 

Honor&, P. see BURITOVA, J. 645—652 

VAN Hoorr, J. C. see DE BERR, N. A. M. 617—624 

HOPKINS, P. M. see HINDLE, A. T., (ARS) 694P; MORRIS, 
T. J., (ARS) 696P; SMITH, P. D., (ARS) 283—284P 

HOPKINSON, B. R. see BAXENDALE, B. R. 581-585 

Hopton, P., Warsu, T. S. and Leg, A. CBF in adults using 
near infrared spectroscopy (NIRS): potential for bedside 
measurement? (C) 131 

Hopton, P. see WALSH, T. S., (ARS) 284-285P 

Hortcuxiss, R. S. see COBB, J. P. 3-10 

HOTON, F. see BAURAIN, M. J. 496-499 

HOWARD, R. see KELLEHER, A. A. 586-590 

HUANG, S. see CUNNINGHAM, D. D. 537-543 

Hounsprru, M. J., HARRISON, S., SMITH, G., ELLIOT, P. J., 
BIRCH, P. J., BOUNTRA, C., Jones, J. G., HUNT, S. P. and 
MUNGLANI, R. Effects of post-injury MK-801 on 
behaviour and neuropeptides in the spinal cord dorsal horn 
of the mononeuropathic rat, (ARS) 691-692P 

HoupspiTH, M. J. and MUNGLANI, R. Pre-emptive analgesia with 
NSAID—whart does it achieve? (C) 128-129 

Hunt, S. P. see HUDSPITH, M. J., (ARS) 691-692P; 
MUNGLANI, R., (C) 300-301 

HUNTER, J. M. Is it always necessary to antagonize residual 
neuromuscular block? Do children differ from adults? (E) 
707-709 

HUNTER, J. M. see MASTERSON, G. R., (E) 569-571; MILLS, 
K. G., (ARS) 684-685P 

HUTCHINSON, A. see BAXENDALE, B. R. 581-585 

HUTTON, P. see TOWNEND, J. N., (E) 137-139 

HUYBREGTS, M. A, J. M. see WOLTJER, H. H. 748-752 

Hwang, N. C. Fibreoptic Guided Tracheal Intubation—A 
Practical Approach, (R) 133 

HYNYNEN, M. see HAMMARÉN, E. 360-364 


IGARASHI, T., HIRABAYASHI, Y., SHIMIZU, R., MITSUHATA, H., 
Sarrou, K., FUKUDA, H., KONISHI, A. and ASAHARA, H. 
Inflammatory changes after extradural anaesthesia may 
affect the spread of local anaesthetic within the extradural 
space 347-351 

IGARASHI, T. see HIRABAYASHI, Y. 153—156; 352-355 

Ima, T. see SHIMAOKA, M. 238-242 

IKEDA, K. see KATOR, T. 265-267 

IKENO, S. see ISHN, R. 393-398 

ILKJAER, S., PETERSEN, K. L., BRENNUM, J., WERNBERG, M. and 
DAHL, J. B. Effect of systemic N-methyl-p-aspartate 
receptor antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, (e) 567 

IMAIAND, K. see Iwar, T. 517-521 

IsHERWOOD, R. S. see RAMIREZ, J. A., (ARS) 690P 

Isani, R., AKAZAWA, S., SHIMIZU, R., NAKAIGAWA, Y., IKENO, 
S. and YAMATO, R. Atrioventricular conduction during 
adenosine-induced hypotension in dogs anaesthetized with 
sevoflurane 393—398 

Iwal, T., KIHARA, H., IMAIAND, K. and UCHDA, M. 
Dose-response curve for anaesthetics based on the 
Monod-Wyman—Changeux model 517-521 

Iwasaki, H., OHMORI, H., OMOTE, K., KAWAMATA, M., 
SUMITA, S., YAMAUCHI, M. and NAMIKI, A. Potentiation of 
local lignocaine-induced sensory block by calcium channel 
blockers in rats 243—247 


AUTHOR INDEX 


Jackson, M. see Manon, S. V., (ARS) 691P 

JAEGER, K. see HEINE, J. 387-392; LEUWER, M., (ARS) 
282~283P; LEUWERI, M., (ARS) 695P 

Jaros, W. see HoERAUrF, K. H. 189-193 

James, D. see EL-BEHESY, B. A. Z. 784-785 

James, K. S., Stott, S. M., McGrapy, E. M., PEARSALL, F. J., 
FRAME, W. T. and RussELL, D. Spinal anaesthesia for 
Caesarean section: effect of Sprotte needle orientation 
150-152 

James, M. F. M. see RUTTMAN, T. G., (C) 701; RUTTMANN, 
T. G., (C) 132; (C) 809 

JANKE, E. L., PILKINGTON, S. N. and Smits, D. C. Evaluation 
of two warming systems after cardiopulmonary bypass 
268-270 

JANNY, S. see EWALENKO, P. 463-467 

JANSEN, P. G. M. see OUDEMANS-VAN STRAATEN, H. M. 473-479 

JEDRZEJEWSKI, A. see DOENICKE, A. 421—423 

DR k Failed intubation during obstetric anaesthesia, 

JoHNSON, C. B. and TAYLOR, P. M. Comparison of the effects 
of halothane and isoflurane on the electroencephalogram of 
the horse, (ARS) 689P 

Jonas, M., WEST, R. J., ADAMS, À. P., CARLI, F. and CORMACK, 
R. S. Difficult tracheal intubation, (C) 436—437 

Jongs, E. F. see HARLEY, I. D. 675—677 

Jones, J. G. see DRIVER, I. K., (ARS) 694-695P; HUDSPITH, 
M. J., (ARS) 691-692P; NAVAPURKAR, V. U., (ARS) 691P 

JONES, R. M. see AITKENHEAD, A. R., (R) 702; EDWARDS, 
M. D., (ARS) 281P 

Jones, R. P. see PINNOCK, C. A., (R) 702 

Jones, R. S. see YOUNG, L. E. 773-780 

JOUPPILA, P. see KARINEN, J. 140-144 

JOUPPILA, R. see KARINEN, J. 140-144 

Joycs, C. J. and HICKLING, K. G. Permissive hypercapnia and 
gas exchange in lungs with high Qs/Qt: a mathematical 
model 678-683 


KAKUYAMA, M. see KITAMURA, R. 503-507 

KALKMAN, C. J. see RHEINECK-LEYSSIUS, A. T. 453-457 

KARADIA, S., WALFORD, C., McSwiney, M. and NIELSEN, 
M. S. Hepatic rupture complicating eclampsia in 
pregnancy 792-794 

KARATZAS, G. see KARAYIANNAKIS, A. J. 448—452 

KARAYIANNAKIS, A. J., MAKRI, G. G., MANTZIOKA, À., 
Karousos, D. and KARATZAS, G. Postoperative pulmonary 
function after laparoscopic and open cholecystectomy 
448-452 

KARINEN, J., MAKARAINEN, L., ALAHUHTA, S., JoUPPILA, R. and 
JOUPPILA, P. Single bolus compared with a fractionated 
dose injection technique of bupivacaine for extradural 
Caesarean section: effect on uteroplacental and fetal 
haemodynamic state 140-144 

Kart, I. E. see Cons, J. P. 3-10 

Karousos, D. see KARAYIANNAKIS, A. J. 448-452 

KARZAI, W., GONNICKER, M., SCHARBERT, G., VORGRIMLER- 
Karzai, U. M. and PRIERE, H.-J. Effects of dopamine on 
oxygen consumption and gastric mucosal blood flow during 
cardiopulmonary bypass in humans 603—606 

Katou, T. and Ikgpa, K. Nitrous oxide produces a non-linear 
reduction in thiopentone requirements 265-267 

KAUFMAN, L. and GINSBURG, R., (editors) Anaesthesia Review 
12, (R) 564 

KAWAMATA, ML see IWASAKI, H. 243-247 

KEHLET, H. see ROSENBERG-ADAMSEN, S. 572-575 

KEITA, H., LECHARNY, J. B., HENZEL, D., DESMONTS, J. M. and 
Mantz, J. Is inhibition of dopamine uptake relevant to the 
hypnotic action of i.v. anaesthetics? 254-256 

KELLEHER, A. A., BLACK, A., PENMAN, S. and HOWARD, R. 
Comparison of caudal bupivacaine and diamorphine with 
caudal bupivacaine alone for repair of hypospadias 586-590 

KELLOKUMPU, I. see KorvusaLo, A.-M. 576-580 

KELLY, M. C., CARABINE, U. A., Hitt, D. A. and MIRAKHUR, 
R. K. Comparison of the effect of intrathecal and 
alas fentanyl on gastric emptying in labour, (ARS) 
686 

KENDIG, J. J. see FENG, J. 375-380 

B. see BUTLER, P. J. 333-334 

Kenoyer, D. G. see ORLIKOWSKI, C. E. P. 157-161 

KESSELL, G. Failed tracheal intubation, (C) 560 

KESTIN, I. G. Cusum: a statistical method to evaluate 
competence in practical procedures, (C) 562 

KESTIN, I. G. see MONTGOMERY, J. E. 445-447 

Kaan, Z. P. see NELSON, P. D., (ARS) 690P 

KIGHTLEY, R. see SQUIRE, S. 432-434 

Kamara, H. see Iwar, T. 517-521 

KıkucHi, T. see SATO, K. 381-384 


819 


Kim, K. S., Na, D. J. and Cuon, S. U. Interactions between 
suxamethonium and mivacurium or atracurium 612-616 

Kay, N. see Du, H. 526-529 

KINSELLA, J. see MANSFIELD, M. D., (C) 298 

Kirsy, J. see DEMPSEY, G. A., (ARS) 284P 

Kirov, K. ses D'HONNEUR, G. 716-719 

KITAMURA, R., KAKUYAMA, M., NAKAMURA, K., MIYAWAKI, I. 
and Mort, K. Thiobarbiturates suppress depolarization- 
induced contraction of vascular smooth muscle without 
suppression of calcium influx 503-507 

KLASING, S. see SCHWENDER, D. 179-184 

KLEIN, H. see MALLICK, A., (C) 296-297 

KLING, M. see ENTHOLZNER, E. K., (C) 809 

KLINOWSKI, J. see POULTON, B. B. 534-536 

KNOWLES, P. R. see POULTON, B. B. 534-536 

Kou, K. F. see EL-BEHESY, B. A. Z. 784-785 

KOIVUSALO, A.-M., KELLOKUMPU, I. and LINDGREN, L. Gasless 
laparoscopic cholecystectomy: comparison of postoperative 
recovery with conventional technique 576-580 

KOLLER, C. see HOERAUF, K. H. 189-193 

KONG, A. see FARMERY, A. D., (C) 132 

Kone, K. L. see SONKSEN, J. R., (ARS) 687P 

KONISHI, A. see IGARASHI, T. 347-351 

KORSTEN, H. H. M. see DE BBER, N. A. M. 617—624 

Kraus, B. see Foru, H. 257-264 

Kress, H. G. see SPACEK, A. 500-502 

KRIARAS, J. see MICHALOPOULOS, A. 208-212 

KUGIMIYA, T. see Ray, D. C. 404-407 

KUHN, I. see WISSING, H., (C) 807-808 

KUMAR, N., MIRAKHUR, R. K. SYMINGTON, M. J. J. and 
MCCARTHY, G.J. Potency and time course of action of 
rocuronium during desflurane and isoflurane anaesthesia 
488—491 

KYTTÄ, J., TANSKANEN, P. and RANDELL, T. Comparison of the 
effects of controlled ventilation with 100% oxygen, 50% 
oxygen in nitrogen, and 50% oxygen in nitrous oxide on 
responses to venous air embolism in pigs 658—661 


LAAKSO, E. see NEMI, L. 544-545 

Lamm, F. J. see MALAGON, I., (ARS) 285P 

LAMBERT, D. G. see BROWNE, T., (ARS) 290P; CEMBALA, 
T. M., (ARS) 291-292P; HIROTA, K. 248-253; 385-386; 
(E) 441-444; NICOL, B., (ARS) 282P 

LANGER, M. see BECK, E. 530-533 

LANGTON, J. A. see NANDWANI, N., (ARS) 288P 

DE LARMINAT, V., BOCZKOWSKI, J., DUREULL, B., Vicaur, E., 
FARINOTTI, R., AUBER, M. and Desmonts, J.-M. Role of 
prostaglandins and nitric oxide on halothane-induced 
arteriolar dilatation in rat diaphragm 232-237 

LATIMER, R. D. see POULTON, B. B. 534-536 

LAURENCE, A. S. see BEWLAY, M. A., (ARS) 687P; RAMIREZ, 
J. A., (ARS) 690P 

Laux, G. see GREIM, C.-A. 365-369 

LEBEL, A. A. see BORSOOK, D., (R) 134 

LEBOVITS, A. H. see LEFKOWITZ, M., (R) 702-703 

LECARPENTIER, Y. see RUEL, P. 653-657 

LECHARNY, J. B. see KEITA, H. 254-256 

Leg, A. see Hopton, P., (C) 131 

LEE, A. see WALSH, T. S., (ARS) 284-285P 

Lugs, G. see Epwarps, M. D., (ARS) 281P 

LEFKOWITZ, M. and Lzsovits, A. H., (editors) A Practical 
Approach to Pain Management, (R) 702-703 

LEHOT, J.-J. see PIRIOU, V. 277-280 

LE Naourss, A. see ESTEBE, J.-P. 786-788 

LENNANDER, Ö., HENRIKSSON, B-A., MARTNER, J. and BIBER, B 
Effects of fentanyl, nitrous oxide, or both, on baroreceptor 
reflex regulation in the cat 399-403 

LENTSCHENER, C. and BENHAMOU, D. Haemodynamic and 
neuroendocrine ET after pneumoperitoneum during 
cholecystectomy, (C) 810 

LEPAGE, J.-Y. ses MALINOVSKY, J.-M. 203-207 

LEUWER, M., SCHEINICHEN, D., Heres, J. F., JAEGER, K., 
ARSENIEV, L. and Prerensrock, S. Different in vitro effects 
of aqueous or lipid etomidate preparations on neutrophil 
respiratory burst, (ARS) 282-283P 

LEUWER, M. see HEINE, J. 387-392 

LEUWERI, M., HEINE, J., SCHRINICHEN, D., JAEGER, K., 
PIEPENBROCK, S. and EMMENDORFFER, A. Effects of i.v. 
anaesthetics and lipid solutions on polymorphonuclear 
leucocyte chemotaxis tn vitro, (ARS) 695P 

LICHTIGFELD, F. J. see GILLMAN, M. A., (C) 435 

LIEVERSE, A. G. see GIRBES, A. R. J. 753—757 

Lm, T. A, Aun, C. S. T. and Gin, T. Computer-controlled 
infusion of propofol for long neurosurgical procedures, 
(ARS) 289-290P 

LINDGREN, L. see KOIVUSALO, A.-M. 576-580 

Liu, G. see Haruzy, I. D. 675—677 


820 


Locxwoon, G. see Pac-Soo, C. K. 370-374 

Locxwoop, G. G. see HALL, J. D., (ARS) 689-690P; SMITH, 
M. A., (ARS) 292P 

Lorenz, W. see DOENICKE, A. 421-423 

Lots, C. J., HARPER, L. and Savacg, C. O. S. Mechanisms of 
acute renal failure 82-89 

LUEHR, S. L. see ABRAMSON, D. C. 556-558 

LUGER, T. J. see SPARR, H. J. 339-342 

Lyons, G. ses HAWTHORNE, L., (C) 559; (C) 559-560; (C) 560 


MCARDLE, L. see HAMD, S. K. 727-730 

MCATEER, E. M. see QUINN, A. C. 185-188 

McBETH, C. and WATKINS, T. G. L. Isoflurane for sedation in 
a case of congenital myasthenia gravis 672-674 

MCBRIDE, W. T., ARMSTRONG, M. A. and McMurray, T. J. 
Cytokine balance and immunosuppressive changes at 
cardiac surgery, (C) 129-130 

McBrien, M. E. Failed tracheal intubation, (C) 559 

McCat1, P. R. see HARLEY, I. D. 675-677 

McCann, N. ses HAMID, S. K. 727-730 

McC org, J. H. see WILDSMITH, J. A. W., (C) 699 

McCrory, C. and MCSHANE, A. J. Laryngeal mask airway is 
associated with reflux in the lithotomy position, (ARS) 
693P 

McGrapy, E. M. see JAMES, K. S. 150-152 

MCGREGOR, R. R., SHARPE, R., THORNTON, C. and NEWTON, 
D. E. F. Effect of remifentanil on the auditory evoked 
response and haemodynamic changes after intubation and 
surgical incision, (ARS) 688P 

McINDOE, A. K. see HAMMOND, E. J., (C) 562 

MCcKEATING, E. G. ses Mascia, L., (ARS) 285-286P 

McLurg, H. A. and YENTIS, S. M. General anaesthesia for 
Caesarean section in a parturient with Noonan’s syndrome 
665-668 

McMurray, T. J. see MCBRIDE, W. T., (C) 129-130 

MecNICOL, P. L. see HARLEY, I. D. 675-677 

McPEesk, B, see Borsoox, D., (R) 134 

McQuay, H. see CARROLL, D. 798-803 

MACRES, S. see FLEMING, N. W. 492-495 

MCSHANE, A. J. see McCrory, C., (ARS) 693P 

McSwiney, M. see KARADIA, S. 792-794 

MAHAJAN, R. P. see Cavity, G., (ARS) 685-686P; GIRLING, 
K. J., (ARS) 283P 

Manon, S. V., BERRY, P. D., THomas, S., MILLS, K., JACKSON, 
M., Sooraz, A., PENNEFATHER, S. H. and RUSSELL, G. N. 
Thoracic extradural infusions for pain after thoracotomy : 
are fentanyl-bupivacaine mixtures better than fentanyl 
alone? (ARS) 691P 

MÄKÄRÄINEN, L. see KARINEN, J. 140-144 

MAKRI, G. G. see KARAYIANNAKIS, A. J. 448—452 

MALAGON, I. and Lams, F. J. Use of the Bland and Altman 
statistical method in the ansesthesia literature, (ARS) 285P 

MALINOVSRY, J.-M., SERVIN, F., COZIAN, A., LEPAGE, J.-Y. and 
Prnaup, M. Ketamine and norketamine plasma 
concentrations after i.v., nasal and rectal administration in 
children 203-207 ; 

MALLEDANT, Y. ses ESTEBE, J.-P. 786-788 

MALLICK, A. and DRARDEN, N. M. Analgesia: dose-effect or 
pre-emptive effect? (C) 297-298 

MALLICK, A, KLEIN, H. and Moss, E. Prevention of 
cardiovascular response to tracheal intubation, (C) 296-297 

MALLICK, A., SMITH, S. N. and BopENHAM, A. R. Local 
anaesthesia to the airway reduces sedation requirements in 
patients undergoing artificial ventilation 731-734 

Mann, C., MILLAT, B., Boccara, G., ATGER, J. and COLSON, 
P. Tolerance of laparoscopy for resection of 
phacochromocytoma 795-797 

Manners, J. M. Tea-total, (C) 297 

MANSFELD, M. D. and KINSELLA, J. Analgesia: dose-effect or 
pre-emptive effect? (C) 298 

Mantz, J. see Kerra, H. 254~256 

MANTZIOKA, A. see KARAYIANNARIS, A. J. 448-452 

Map_eson, W. W. see Asar, T., (ARS) 686P 

MARDEL, S. N., SAUNDERS, F. M., OLLERENSHAW, L. D. and 
BappeELEY, D. T. Haemodilution induces a hypercoagulable 
state, (C) 700-701 

MARJOT, R. M. and Morris, G. Optimal intracuff pressures 
with the laryngeal mask, (C) 296 

Marrs, T. C., MAYNARD, R. L. and SIDELL, F. R. Chemical 
Warfare Agents. Toxicology and Treatment, (R) 439 

Marty, P. H. see May, H. A. 200-202 

MARTNER, J. see LENNANDER, O. 399-403 

Masca, L., MCKEATING, E. G. and ANDREWS, P. J. D. 
Cerebral blood flow and metabolic rate for oxygen after 
acute brain injury, with induced arterial 
hypertension, (ARS) 285-286P 


AUTHOR INDEX 


MasHIMo, T, and YaGi, M. Effect of naloxone on nitrous oxide 
analgesia, (C) 436 

MASHIMO, T. see SHIMAOKA, M. 238-242 

Mason, D. G. see SWINHOE, C. F., (ARS) 286-287P 

MASON, J. see STEWART, P., (ARS) 287P 

MASTERSON, G. R. and HUNTER, J. M. Does anaesthesia have 
long-term consequences? (E) 569—571 

MATHON, L. see CHASSARD, D. 458—462 

MATSUMOTO, I. see HABRE, W. 739-743 

May, A. E. and ELTON, C. D. Ambulatory extradural analgesia 
in labour reduces risk of Caesarean section, (ARS) 
692-693P 

May, H. A., SMYTH, R. L., ROMER, H. C., MARTIN, P. H., 
Bownay, A. R. and Hear, D. P. Effect of anaesthesia on 
lung function in children with asthma 200--202 

MAYER, M. see DOENICKE, A. 421-423 

MAYNARD, R. L. see MARRS, T. C., (R) 439 

MAYORAL, J. see CUNNINGHAM, D. D. 537-543 

Mazzeo, F. J. see Morris, G. N. 419-420 

McCartny, G., J. see KUMAR, N. 488—491 

MEIJER, S. see GIRBES, A. R. J. 753-757 

MENGES, T. see BOLDT, J. 480—487 

MENON, D. K. see DRIVER, I. K., (ARS) 694-695P; 
NAVAPURKAR, V. U., (ARS) 691P 

MERLE, J.-C. see D'HONNEUR, G. 716-719 

MICHALOPOULOS, A., TZELEPIS, G., PAVLIDES, G., KRIARAS, J., 
DAFNI, U. and GEROULANOS, S. Determinants of duration 
of ICU stay after coronary artery bypass graft surgery 
208-212 

MELKE, L. L. see ENTHOLZNER, E. K., (C) 809 

Maar, M. S. see MORGAN, G. E. JR, (R) 438-439 

MILAR, F. A. see DYER, M. W., (C) 699 

Moat, B. see MANN, C. 795-797 

MILER, F. see CHEER, T. G. 632-635 

Mus, K. see Manon, S. V., (ARS) 691P 

Muis, K. G., Scott, J. M., PARKER, C. J. R. and HUNTER, 
J. M. Pharmacodynamics of Org 9487: onset and recovery 
characteristics of single and three incremental bolus doses, 
(ARS) 684-685P 

MIRAKHUR, R. K. see KELLY, M. C., (ARS) 686P; KUMAR, N. 
488—491 

MITSUHATA, H. see IGARASHI, T. 347-351 

Mryvawasg, I. see KITAMURA, R. 503-507 

MIZUSHIMA, A. ses Ray, D. C. 404-407 

MIZUTANI, T. see TANAKA, M. 408—412 

MOHAMED, L. A. see RAMADHANI, S. A. L. 312-316 

MOHAMED, L. A. see RAMADHANI, S. A. L., (e) 701 

Morony, V. see YOUNG, L. E. 773-780 

MONTGOMERY, J. E., SUTHERLAND, C. J., KESTIN, I. G. and 
Sngyp, J. R. Morphine consumption in patients receiving 
rectal paracetamol and diclofenac alone and in combination 
445-447 

MOoonLEY, J. see ORLIKOWSKI, C. E. P. 157—161 

MOORE, A. see CARROLL, D. 798-803 

Moors, E. E. see BIFFL, W. L. 59-70 

Moore, U. J. see GREEN, J. D. 789-791 

MORGAN, G. E. JR and MIKHATL, M. S. Clinical Anesthesiology, 
(R) 438-439 

Mort, K. ses KITAMURA, R. 503-507 

MorLegY, A. P. The care of patients and transport by air, (C) 
435 

Morris, G. see Maryot, R. M., (C) 296 

Morris, G. N., WARREN, B. B., HANSON, E. W., MAzzEo, F. J. 
and DıBENEDETTO, D. J. Influence of patient position on 
withdrawal forces during removal of lumbar extradural 
catheters 419-420 

Morris, J. see SABRINE, A., (ARS) 693P 

Morris, T. J., HOPKINS, P. M. and WinpLow, W. Comparative 
effects of halothane, isoflurane and pentobarbitone on 
ace currents in identified molluscan neurones, (ARS) 

Morrison, L. M. M. and FACCENDA, K. A. Pre-emptive 
analgesia with NSAID—what does it achieve? (C) 129 

MORTIMER, A. J. see DEVINE, A., (ARS) 289P 

Moss, E. see MALLICK, A., (C) 296-297; QUINN, A. C. 185-188 

Moss, J. see DOENICRKE, A. 421-423 

Mowari, H. see ABDULATIF, M. 710-715 

MUELLER, M. see BOLDT, J. 480—487 

Mutroy, M. F., (editor) Regional Anesthesia: An Illustrated 
Procedural Guide, 2nd Edn. (R) 303 

MULZER, S. ses SCHWENDER, D. 179-184 

MUNGLANI, R., FLEMING, B. G. and Hunt, S. P. Adequate 
general anaesthesia—what are we trying to achieve? (C) 
300-301 

MUNGLANI, R. see HupsPrrH, M. J., (C) 128-129; (ARS) 
691-692P 

Munro, H. M. see BUTLER, P. J. 333-334 


AUTHOR INDEX 


Murpuy, D. B., SUTTON, J. A. and Murpny, M. B. Novel use 
of an electrical bioimpedance technique to detect opioid- 
induced changes in gastric emptying, (e) 437 

Murray, M. B. see MURPHY, D. B., (e) 437 

MURRAY, W. B. see ORLIRKOWSKI, C. E. P. 157—161 

MUSGREAVE, A. see GOODCHILD, C. S. 758-763 

MusHAMBI, M. C. see WILLIAMSON, K. M., (E) 305-308 

Myers, T. see ABRAMSON, D. C. 556-558 


Na, D. J. see Kim, K. S. 612-616 

Nau, M., SAMARKANDI, A. H., BAKHAMEES, H. S., 
TURKISTANI, A. and ALHARBY, S. W. Edrophonium and 
human plasma cholinesterase combination for antagonism 
of mivacurium-induced neuromuscular block 424-426 

NAKAIGAWA, Y. see ISHO, R. 393-398 

NAKAMURA, K. see KITAMURA, R. 503-507 

NAMIKI, A. see IWASAKI, H. 243-247 

NANDWANI, N., RAPHAEL, J. H. and LANGTON, J. A. Effect of 
an upper respiratory tract infection on upper airway 
reactivity, (ARS) 288P 

NANDWANI, N. see CARANZA, R., (ARS) 290P 

Nasu, G. B. see ADAMS, D. H. 17-31 

NATHANSON, M. H. see SMITS, I., (C) 295 

NAVAPUREAR, V. U., MENON, D. K. and Jones, J. G. Propofol 
proteris rat hepatocytes against an oxidant stress, (ARS) 
69 

NAVIA, J. see FERRANDO, A., (C) 807 

NEIGER, F. X. see SPACER, A. 500-502 

NELSON, P. D., Kaan, Z. P. and Wersz, M. Assessment of 
frequency of audit of pain in day-case surgery, (ARS) 
690P 

NEWTON, D. E. F. see MCGREGOR, R. R., (ARS) 688P 

NGAN Kee, W. D. and GOMERSALL, C. D, Extradural 
anaesthesia for Caesarean section in a patient with 
moyamoya disease 550-552 

NIcCoL, B., ROWBOTHAM, D. J. and LAMBERT, D. G. Is 
glutamate release from rat cerebrocortical slices opioid 
receptor subtype selective? (ARS) 282P 

NIELSEN, J. see ARENDT-NIELSEN, L. 625-631 

NIELSEN, M. S. see KARADIA, S. 792-794 

NEMI, L., PITKÄNEN, M., DUNKEL, P., LAAKSO, E. and 
ROSENBERG, P. H. Evaluation of the usefulness of 
intrathecal bupivacaine infusion for analgesia after hip and 
koee arthroplasty 544-545 

NIMMO, A. F. and DRUMMOND, G. B. Respiratory mechanics 
after abdominal surgery measured with continuous analysis 
of pressure, flow and volume signals 317-326 

NIMMO, A. F. see DRUMMOND, G. B. 327-332 

NISHIKAWA, T. sse TANAKA, M. 408-412 

Norman, B. Failed tracheal intubation, (C) 559 

Nowak, R. M. see Parapis, N. A., (R) 703 

NUNN, G. see BAUM, J. A., (R) 134-135 

NYE, B. see CARROLL, D. 798-803 


O’Connor, T. C. and ABRAM, S. E. Adequate general 
angesthesia—what are we trying to achieve? (C) 299-300 

OHARA, À. see SHIMAOKA, M. 238—242 

OHMORI, H. see IWASAKI, H. 243-247 

OKUMURA, F. see SATO, K. 381-384 

VAN OLDENBEEK, C, and SHAH, M. V. Decreased arterial 
oxygenation during deliberate hypotension: a comparison 
of trimetaphan camsylate, sodium nitroprusside and 
glyceryl] trinitrate, (ARS) 286P 

O’Lgary, M. J. and Coaxzey, J. H. Nutrition and 
immunonutrition 118-127 

OLLERENSHAW, L. D. see MARDEL, S. N., (C) 700-701 

OMOTE, K. see IWASAKI, H. 243-247 

Oru, R. see Du, H. 526-529 

ORLIKOWSKI, C. E. P., Rocxe, D. A., Murray, W. B., GOUWS, 
E., MoonLEY, J., KENOYER, D. G. and BYRNE, S. 
Thrombelastography changes in pre-eclampsia and 
eclampsia 157—161 

OSTWALD, P. see DOENICKE, A. 421-423 

O?’ SULLIVAN, E. see ATHERTON, D. P. L., (ARS) 288-289P 

OTTEN, PH. see WILDER-SMITH, O. H. G., (e) 566-567 


VAN DEVENTER, S. J. H., Sturx, A., WILDEVUUR, Ch. R. H. 
and EIJSMAN, L. Endotoxaemia and stoperative 
hypermetabolism in coronary artery bypass surgery: the 
role of ketanserin 473—479 

Owen-Resce, H., ELWELL, C., HARNESS, W., GOLDSTONE, J., 
Devpy, D., WYATT, J. and SMirH, M. CBF in adults using 
near infrared spectroscopy (NIRS): potential for bedside 
measurement? (C) 131 


-821 


Pac-Soo, C. K., DEAcocK, S., Lockwoop, G., CARR, C. and 
Wurirwam, J. G. Patient-controlled sedation for cataract 
surgery using peribulbar block 370-374 

Pauuis, C. and Hartey, D. H. ABC of Brainstem Death, 2nd 
Edn, (R) 303 

PAPSDORF, M. see BOLDT, J. 480-487 

Parapis, N. A., HALPERIN, H. R. and Nowak, R. M., (editors) 
Cardiac Arrest. The Science and Practice of Resuscitation 
Medicine, (R) 703 

Paris, P. M. see WOLFSON, A. B., (R) 813-814 

Parx, G. R. Molecular mechanisms of drug metabolism in the 
critically ill 32-49 

PARKER, C. J. R. see MLS, K. G., (ARS) 684-685P 

PARR, M. J. A. see CAMPBELL, D. 553-555 

PATY, R. E. see CHAMBERS, W. A., (R) 133 

PAVLIDES, G. see MICHALOPOULOS, A. 208-212 

PAYNE, K. A. see HAUPTFLEISCH, J. J. 642-644 

Peacocg, J. E. see SWINHOE, C. F., (ARS) 286-287P 

PEARL, R. G. Baillières Clinical Anaesthesiology : International 
Practice and Research, vol. 10, No. 1. The Lung in 
Anaesthesia and Intensive Care, (R) 439 

PEARSALL, F. J. ses JAMES, K. S. 150-152 

PENMAN, S. see KELLEHER, A. A. 586-590 

PENNEFATHER, S. H. see MAHON, S. V., (ARS) 691P 

PETER, K. see SCHWENDER, D. 179-184 

PETERSEN, K. L. see ILKJAER, S., (e) 567 

PETERSEN-FELIX, S., ARENDT-NIELSEN, L., BAK, P., FISCHER, 
M. and ZBINDEN, A. M. Psychophysical and 
electrophysiological responses to experimental pain may be 
influenced by sedation: comparison of the effects of a 
hypnotic (propofol) and an analgesic (alfentanil) 165-171 

-FELIX, S. ses ARENDT-NIELSEN, L. 625-631; 
CURATOLO, M., (C) 808; ScHAUBLIN, J. 636-641 - 

PETROS, A. J. see SQUIRE, S. 432-434 

Pairs, M. D. see ABRAMSON, D. C. 556-558 

PIEPENBROCK, S. see HEINE, J. 387-392; LBEUWER, M., (ARS) 
282-283P; LEUWERI, M., (ARS) 695P 

PILKINGTON, S. N. see JANKE, E. L. 268-270 

Prnaup, M. see MALINoOvsRY, J.-M. 203-207 

PnxĒocg, C. A., FISCHER, H. B. J. and Jones, R. P. Peripheral 
Nerve Blockade, (R) 702 

Piriov, V., CLAUDEL, J.-Ph., BASTIEN, O., Ross, S. and LEHOT, 
J.-J. Severe systemic cholesterol embolization after open 
heart surgery 277-280 

PITKÄNEN, M. see NEMI, L. 544-545 

PIVALIZZA, E. G. see ABRAMSON, D. C. 556-558 

PoLKEY, C. E. see Cnu, D. L. K., (ARS) 688-689P 

POLLARD, B. J. see GOLDSTONE, J. C., (R) 814 

PONTE, J. and HARRISON, S. J. Convective warming after 
CABG, (C) 299 

POULTON, B. B., FOUBERT, L., KLINOWSKI, J., LATIMER, R. D., 
Know ss, P. R. and VUYLSTEKE, A. Extraction of nitric 
oxide and nitrogen dioxide from an oxygen carrier using 
molecular sieve 5A 534-536 

Power, I. see Asal, T., (ARS) 686P 

Prato, P. see BECK, E. 530-533 

PRIEBE, H.-J. see KARZAI, W. 603-606 

PRINZEN, F. W. see ROEKAERTS, P. M. H. J. 427-429 

PRIOR, P. F. see THOMSEN, C. E. 172-178 

PROSSER, D. P. see BOOKER, P. D. 591-596 

PRYS-ROBERTS, C. see TOOLey, M. A. 720-726 


QUINN, A. C., SAMAAN, A., MCATERR, E. M., Moss, E. and 
Vucevic, M. The reinforced laryngeal mask airway for 
dento~alveolar surgery 185-188 

QuralsHI, M. S. see GIRLING, K. J., (ARS) 283P 


RAMADHANI, S. A. L., MOHAMED, L. A., ROCKE, D. A. and 
Govuws, E. Sternomental distance as the sole predictor of 
difficult laryngoscopy in obstetric angesthesia 312-316 

RAMADHANI, S. A. L., MOHAMED, L. A., Rocks, D. A. and 
Gouws, F. Sternomental distance as the sole predictor of 
difficult laryngoscopy in obstetric anaesthesia, (e) 701 

RAMIREZ, J. A., ISHERWOOD, R. S., LAURENCE, A. S. and 
STRETTLE, R. Respiratory depression following morphine 
and alfentanil in combination, (ARS) 690P 

RANDELL, T. see KYTTÄ, J. 658-661 

RAPHAEL, J. H. see NANDWANI, N., (ARS) 288P 

RAU, J. see DOENICKE, A. 421—423 

Ray, D. C., BOMONT, R., MIZUSHIMA, A., KUGIMIYA, T., 
FORBES Howe, A. and BECKETT, G. J. Effect of sevoflurane 
anaesthesia on plasma concentrations of glutathione S- 
transferase 404-407 

REBER, A. and HEDENSTIERNA, G. Volumetric analysis of 
aeration in the lungs during general anaesthesia, (C) 698 

REBER, A. see FREDEN, F. 413-418 


822 


REITSMA, W. D. see GIRBES, A. R. J. 753-757 

RHEINECK-LEYSSIUS, A. T., KALKMAN, C. J. and TROUWBORST, 
A. Influence of motivation of care providers on the 
incidence of postoperative hypoxaemia in the recovery 
room 453-457 

RICHARDSON, M. G. and WIssLeER, R. N. Unexpected high 
spinal block in obstetrics, (C) 806-807 

RIMANIOL, J.-M. see D'HONNEUR, G. 716-719 

Ruov, B. see RUEL, P. 653-657 

ROBERTSON, G. S. see THOMPSON, N. 213-216 

Roc, D. A. see ASHURST, N. 468-472; ORLIKOWSKI, C. E. P. 
157—161; RAMADHANI, S. A. L. 312-316; (e) 701 

ROEKAERTS, P. M. H. J., PRINZEN, F. W. and DE LANGE, S. 
Beneficial effects of dexmedetomidine on ischaemic 
myocardium of anaesthetized dogs 427-429 

ROEWER, N. see GREIM, C.-A. 365-369 

Rocers, C. M. see FOSTER, R. N., (C) 301 

Romer, H. see BOOKER, P. D. 597-602 

Romm, H. C. see May, H. A. 200-202 

ROSENBERG, J. see ROSENBERG-ADAMSEN, S. 572-575 

ROSENBERG, P. H. ses HAMMARÉN, E. 360-364; NIEMI, L. 
544-545; TIAINEN, P. 744-747 

RROSENBERG-ADAMSEN, S., SKARBYE, M., WILDSCHIØDTZ, G., 
KEHLET, H. and ROSENBERG, J. Sleep after laparoscopic 
cholecystectomy 572-575 

Ross, S. see PIRIOU, V. 277-280 

Rouse, R. see BALL, D. R., (C) 811 

Roor, C. C. see ASHURST, N. 468—472 

ROWBOTHAM, D. J. see NICOL, B., (ARS) 282P; THOMPSON, 
J. P., (ARS) 290-291P 

ROYSTON, B. see BROSNAN, S., (ARS) 684P 

RuEL, P., HANoUZ, J.-L., RIOU, B., LECARPENTIER, Y. and 
Coriat, P. Myocardial effects of eltanolone in hamsters 
with hypertrophic cardiomyopathy 653-657 

RUSSELL, D. see JAMBS, K. S. 150-152 

RUSSELL, G. N. see MAHON, S. V., (ARS) 691P 

RUTTMAN, T. G., James, M. F. M. and VILJOEN, J. F. 
Haemodilution induces a hypercoagulabie state, (C) 701 

RUTTMANN, T. G., JAMES, M. F. M. and VILJOEN, J. F. 
Haemodilution induces a hypercoagulable state, (C) 809; 
Hypercoagulability induced by crystalloids, (C) 132 


SABATE, A. see CAMPRUBI, I., (C) 560-561 

SABRINE, À., Morris, J. and BELLAMY, M. C. An explanatory 
model for postoperative vomiting after gynaecological 
surgery, (ARS) 693P 

SAINSBURY, M. C. see HAMBLY, P. R., (R) 813 

SAITOH, K. see HIRABAYASHI, Y. 153-156; 352-355; IGARASHI, 
T. 347-351 

Saxal, F., HIRAOKA, M. and AMAHA, K. Comparative actions of 
propofol and thiopentone on cell membranes of isolated 
guineapig ventricular myocytes 508-516 

SAMAAN, A. see QUINN, A. C. 185-188 

SAMARKANDI, A. H. see NAGUIB, M. 424-426 

SAMUELS, P. see CHEEK, T. G. 632-635 

SAPSED-BYRNE, S. see Harris, D., (ARS) 695-696P 

SAPSED-BYRNBE, S. M. see SMITH, M. A., (ARS) 292P 

SATA, T. see AOYAMA, K. 662—664 

Sato, K., Wu, J., Kucu, T., WANG, Y., WATANABE, I. and 
OKUMURA, F. Differential effects of ketamine and 
pentobarbitone on acetylcholine release from the rat 

ippocampus and striatum 381-384 

SAUNDERS, F. M. see MARDEL, S. N., (C) 700-701 

SavaGE, C. O. S. see LOTE, C. J. 82-89 

SCHARBERT, G. see KARZAI, W. 603-606 

ScHAUBLIN, J., DERIGHETTI, M., FRIGENWINTER, P., PETERSEN- 
FELIX, S. and ZBINDEN, A. M. Fuzzy logic control of 
mechanical ventilation during anaesthesia 636-641 

SCHEFFER, G. J. see WOLTJER, H. H. 748-752 

SCHEINICHEN, D. see HEINE, J. 387-392; LEUWER, M., (ARS) 
282-283P; Leuwmri, M., (ARS) 695P 

SCHNIDER, T. W, see ARENDT-NIELSEN, L. 625-631 

SCHRAMM, W. M., STRASSER, K., BARTUNEK, A., GLY, H. and 
Spiss, C. K. Effects of rocuronium and vecuronium on 
intracranial pressure, mean arterial pressure and heart rate 
in neurosurgical patients 607-611 

ScHRODER, T. see FoTH, H. 257-264; WOLTERS, U. 217-222 

SCHULTE AM ESCH, J. see GREIM, C.-A. 365-369 

SCHWENDER, D., DAUNDERER, M., MULZER, S., KLASING, S., 
FINSTERER, U. and PETER, K. Spectral edge frequency of 
the electroencephalogram to monitor “depth” of 
anaesthesia with isoflurane or propofol 179—184 

ScorTT, J. M. see Mus, K. G., (ARS) 684-685P 

ScCULL, T. J. and CARLI, F. Cardiac arrest after Caesarean 
section under subarachnoid block 274-276 

SERM, E. H. see GAISRR, R. R. 669-671 

SENLY, C. see WILDER-SMITH, O. H. G., (e) 566-567 


AUTHOR INDEX 


SERVIN, F. see MALINOVSKY, J.-M. 203-207 

Saan, M. V. see VAN OLDENBEER, C., (ARS) 286P 

Suan, U. S., DOWNING, R. and Davis, I. An iatrogenic arterial 
foreign body 430-431 

SHARPE, R. see MCGREGOR, R. R., (ARS) 688P 

SHEERAN, P. and HALL, G. M. Cytokine balance and 
immunosuppressive changes at cardiac surgery, (C) 129 

SHIGEMATSU, A. see AOYAMA, K. 662-664 

SHIMAOKA, M., Ima, T., OHARA, A, TABNAKA, N., MASHIMO, 
T., HONDA, T. and YOSHIYA, I. Ketamine inhibits nitric 
oxide production in mouse-activated macrophage-like cells 
238-242 

SHIMIZU, R. see HIRABAYASHI, Y. 153-156; 352-355; IGARASHI, 
T. 347-351; Ism, R. 393-398 

Sum ey, P. J. The care of patients and transport by air, (C) 
435 


SHOEMAKER, W. C., GRENVIK, A., AYRES, S. N. and HOLBROOK, 
P. R. The Pocket Companion to the Textbook of Critical 
Care Medicine, (R) 812 

SHUTT, L. E. see CAMPBELL, D. 553-555 

SIBBALD, W. J. see TINKER, J., (R) 563 

SWELL, F. R. see Marrs, T. C., (R) 439 

SIMPSON, E. J. see Cavity, G., (ARS) 685-686P 

SKARBYE, M. see ROSENBERG-ADAMSEN, S. 572-575 

SLAVOV, V. see D'HONNEUR, G. 716-719 

SLY, P. D. see HABRE, W. 739-743 

SMIT, À. J. see GIRBES, A. R. J. 753-757 

Satu, D. C. see JANKE, E. L. 268-270 

SMITH, G. see HUDSPITH, M. J., (ARS) 691-692P 

SMa, I., NATHANSON, M. H. and Ware, P. F. Sevoflurane, 
(C) 295 

SMITH, M. see OWEN-REECE, H., (C) 131 

SMITH, M. A., SAPSED-BYRNE, S. M. and Locxwoon, G. G. 
Measurement of desflurane partial pressure in blood, 
(ARS) 292P 

SMITH, P. see Harris, D., (ARS) 695-696P 

SMITH, P. D., Hopkins, P. M., ELLIS, F. R. and HALSALL, P. J. 
Contractures of malignant h ermia muscle: where do 
halothane and caffeine act? (ARS) 283-284P 

SMITH, S. N. see MALLICK, A. 731-734 

SMYTH, R. L. see May, H. A. 200-202 

SNEYD, J. R. see MONTGOMERY, J. E. 445-447 

SOMMERVILLE, T. see CARANZA, R., (ARS) 290P 

SONKSEN, J. R. and Kona, K. L. Aspirin and the bleeding time, 
(ARS) 687P 

SOORAE, A. see MAHON, S. V., (ARS) 691P 

SOUTER, A. see STONEHAM, M., (C) 301-302 

SPACEX, A., NEGER, F. X., Spiss, C. K. and Kress, H. G. 
Chronic carbamazepine therapy does not infiuence 
mivacurium-induced neuromuscular block 500-502 

SPARR, H. J., GIBSINGER, S., ULMER, H., HOLLENSTEIN-ZACKE, 
M. and Lucmr, T. J. Influence of induction technique on 
intubating conditions after rocuronium in adults: 
comparison with rapid-sequence induction using 
thiopentone and suxamethonium 339-342 

SPENCE, A. A. Ether anaesthesia comes to London. December 
1846, (E) 705-706 

SPENS, H. J. and DRUMMOND, G. B. Ventilatory effects of 
eltanolone during induction of anaesthesia: comparison 
with propofol and thiopentone 194-199 

SPERRY, L. see D'HONNEUR, G. 716-719 

SPIERS, P. see THOMPSON, H., (C) 698 

Spiss, C. K. see SCHRAMM, W. M. 607—611; SPACER, A. 
500-502 

SQUE, S., KIGHTLEY, R. and PETROS, A. J. An effective 
method of scavenging nitric oxide 432—434 

STEWART, P., TAYLOR, P., MASON, J. and Hosss, G. 
Pharmacokinetics of tenoxicam administered by i.v. or i.v. 
regional routes, (ARS) 287P 

STIENSTRA, R. ses VEERING, B. Th. 343-346 

STONEHAM, M. and SOUTER, A. Spinal anaesthesia for 
Caesarean section, 301-302 

STOTT, S. A. see BALL, D. R., (C) 811 

Stott, S. M. see JAMES, K. S. 150-152 

STOUTENBEEK, Chr. P. see OUDEMANS-VAN STRAATEN, H. M. 
473-479 

STRASSER, K. see SCHRAMM, W. M. 607-611 

STRETTLE, R. see RAMIREZ, J. A., (ARS) 690P 

STRUNIN, L. see BION, J., (E) 1-2; (C) 698-699 

STURK, A. see OUDEMANS-VAN STRAATEN, H. M. 473-479 

STÜTZER, H. see WOLTERS, U. 217-222 

Sum, D. C. W. see Wu, R. S. C. 735-738 

SUMITA, S. see IWASAKI, H. 243-247 

SUTHERLAND, C. J. see MONTGOMERY, J. E. 445-447 

SUTTON, J. A. see MurPHY, D. B., (e) 437 

Suwa, K. see Du, H. 526--529 

SWINHOE, C. F., Gray, C., Mason, D. G. and Pracock, J. E. 
Assessment ofa model predicted infusion of ketamine used 
with propofol for total i.v. anaesthesia, (ARS) 286-287P 


AUTHOR INDEX 


SYMINGTON, M. J. J. ses Kumar, N. 488-491 


TAEGER, K. see Hograur, K. H. 189-193 

TAENARA, N. see SHIMAOKA, M. 238-242 

TAKALA, J. Determinants of splanchnic blood flow 50-58 

TAKENAKA, I. see AOYAMA, K. 662—664 

TANAKA, M., NISHIKAWA, T. and MIZUTANI, T. 
Normovolaemic haemodilution attenuates cardiac 
depression induced by sodium bicarbonate in canine 
metabolic acidosis 408—412 

TANSKANEN, P. see KYTTÄ, J. 658—661 

TASSONYI, E. see FUCHS-BUDER, T. 335-338; WILDER-SMITE, 
O. H. G., (e) 566-567 

TAYLOR, K. see HARRIS, D., (ARS) 695-696P 

TAYLOR, P. see STEWART, P., (ARS) 287P 

TAYLOR, P. M. see JOHNSON, C. B., (ARS) 689P 

Ter RIET, P. M. see VEERING, B. Th. 343—346 

TETZLASS, J. E. Clinical Orthopedic Anesthesia, (R) 438 

THOMAS, S. see MAHON, S. V., (ARS) 691P 

THOMPSON, H. and Spiers, P. The intensive care unit cost of 
surviving and dying, (C) 698 

THOMPSON, J. P., BOWER, S. and ROWBOTHAM, D. J. 
Perioperative pharmacokinetics of transdermal fentanyl in 
young and elderly patients, (ARS) 290-291P 

THOMPSON, N. and ROBERTSON, G. S. Comparison of propofol 
and a propofol-methohexitone mixture for induction of 
day-case anaesthesia 213-216 

THOMSEN, C. E. and Prior, P. F. Quantitative EEG in 
assessment of anaesthetic depth: comparative study of 
methodology 172-178 

THORNTON, C. see MCGREGOR, R. R., (ARS) 688P 

TIAINEN, P. and ROSENBERG, P. H. Hepatocellular integrity 
during and after isoflurane and halothane anaesthesia in 
surgical patients 744-747 

TINKER, J., BROWNE, D. R. G. and SIBBALD, W. J., (editors) 
Critical Care: Standards, Audit and Ethics, (R) 563 

TOBIN, M. see CHEEK, T. G. 632-635 

Topres, I. D. and FUGATE, J.-H., (editors) Critical Care of 
Infants and Children, (R) 564 

TooLEY, M. A., GREENSLADE, G. L. and PRYS-ROBERTS, C. 
Concentration-related effects of propofol on the auditory 
evoked response 720-726 

'TOURNADRE, J. P. see CHASSARD, D. 271-273; 458—462; 
781-783; (C) 811 

TOWNEND, J. N. and Hutron, P. Transoesophageal 
echocardiography in anaesthesia and intensive care, (E) 
137-139 

TRAMER, M. see CARROLL, D. 798-803 

TRIKEA, A. Removal of extradural catheters, (C) 295 

TROUWBORST, A. see RHEINECK-LEYSSIUS, A. T. 453-457 

TUCKER, G. T. Perioperative changes in a,-acid glycoprotein 
concentrations, (C) 130 

Tuckey, J. Bilateral compartment syndrome complicating 
prolonged lithotomy position 546-549 

TURKISTANI, A. see NAGUIB, M. 424-426 

TZELEPIS, G. see MICHALOPOULOS, A. 208-212 


UCHIDA, M. see Iwal, T. 517-521 

ULMER, H. see SPARR, H. J. 339-342 

UPTON, P. M. see CRAFT, T. M., (R) 812 

UPTON, R. N. A model of the first pass passage of drugs from 
i.v. injection site to the heart—parameter estimates for 
lignocaine in the sheep 764-772 

URQUHART, J. and BLUNT, M. The Anaesthesia Viva: vol. 1, 
(R) 813 


VAN DER SPOEL, H. I. see WOLTJER, H. H. 748-752 

VAN KLEEF, J. W. see VEERING, B. Th. 343—346 

VANLINTHOUT, L. E. H., DE Boo, T. and Boor, L. H. D. J. 
Volatile anaesthetics and neuromuscular block, (C) 
561-562 

VAN OBBERGH, L. J., CHARBONNEAU, M. and BLAISE, G. 
Combination of inhaled nitric oxide with i.v. nitroglycerin 
or with a prostacyclin analogue in the treatment of 
experimental pulmonary hypertension 227-231 

VAN VELDHUISEN, D. J. see GIRBES, A. R. J. 753-757 

VAUGHAN, D. see BROOMHEAD, C. J., (C) 436 

VEERING, B. Th., TER RIET, P. M., BURM, A. G. L., STIENSTRA, 
R. and vAN Kuzer, J. W. Spinal anaesthesia with 0.5% 
hyperbaric bupivacaine in elderly patients: effect of site of 
injection on spread of analgesia 343-346 

TE VELTHUIS, H. see OUDEMANS-VAN STRAATEN, H. M. 473—479 

VENGCO, J. see FLEMING, N. W. 492—495 

VICAUT, E. see DE LARMINAT, V. 232—237 


823 


Vickers, M. D. see Asal, T., (ARS) 686P 

VICKERS, R. and WILKEY, A. Spinal anaesthesia for Caesarean 
section, (C) 301 

VILJOEN, J. F. see RUTTMAN, T. G., (C) 701; RUTTMANN, 
T.G., 2 (C) 132; (C) 809 

VINCENT, C., (editor) Clinical Risk Management, (R) 564-565 

VORGRIMLER-KARZAI, U. M. see KARZAI, W. 603—606 

Vucevic, M. see QUINN, A. C. 185-188 

VUYLSTEKE, A. see POULTON, B. B. 534-536 


WALFORD, C. ses KARADIA, S. 792-794 

Wars, T. S., HOPTON, P. and LEE, A. The Deltatrac 
metabolic monitor for measuring oxygen consumption 
during orthotopic liver transplantation, (ARS) 284-285P 

WALsH, T. S. see Hopton, P., (C) 131 

WANG, Y. see SATO, K. 381-384 

WARREN, B. B. see Morris, G. N. 419—420 

WATANABE, I. see SATO, K. 381-384 

WATKINS, T. G. L. see MCBETH, C. 672-674 

WATSON, B. J. see DRIVER, I. K., (ARS) 694-695P 

vee M. Hypotension during subarachnoid anaesthesia, 
(C) 808 

WEATHERLEY, B. C. see CHOW, B. F. M., (ARS) 687-688P 

WEBSTER, J. see CUNNINGHAM, D. D. 537-543 

WEBSTER, N. R. see GALLEY, H. F. 11-16 

Wuisz, M. see NELSON, P. D., (ARS) 690P 

WELTE, M. Perioperative mucosal pH, in orthotropic liver 
transplantation, (C) 561 

WENHAM , P. W. see BAXENDALE, B. R. 581-585 

WERNBERG, M. see ILKJAER, S., (e) 567 

WEST, R. J. see Jonas, M., (C) 436—437 

WHITE, D. see BROSNAN, S., (ARS) 684P 

WHITE, P. F. see SMITH, I., (C) 295 

WHITWAM, J. G. see Pac-Soo, C. K. 370-374 

WILDER-SMITH, O. H. G., TASSONYI, E., SENLY, C., OTTEN, 
PH. and ARENDT-NIELSEN, L. Surgical pain is followed not 
only by spinal sensitization but also by supraspinal 
antinociception, (e) 566-567 

WILDEYUUR, Ch. R. H. see OUDEMANS-VAN STRAATEN, H. M. 
473—479 

WILDSCHIØDTZ, G. see ROSENBERG-ADAMSEN, S. 572-575 

WILDSMITH, J. A. W. and MCCLURE, J. H. Aortic stent surgery, 
(C) 699 

WILKEY, A. see VICKERS, R., (C) 301 

WILLIAMSON, K. M. and MUSHAMBI, M. C. Complications of 
hysteroscopic treatments of menorrhagia, (E) 305-308 

WILSON, J. see Harris, D., (ARS) 695—696P 

Wisor, R. see HAWTHORNE, L., (C) 559-560; (C) 559; (C) 
560 


WINDHORST, U. see GREGER, G., (R) 563-564 

WINDLow, W. see Morris, T. J., (ARS) 696P 

Wissina, H. and Kunn, I. Fuzzy logic control of inspired 
volatile anaesthetic concentrations, (C) 807-808 

WISSLER, R. N. see RICHARDSON, M. G., (C) 806-807 

WOLF, T. see WOLTERS, U. 217-222 

WOLFSON, A. B. and Paris, P. M., (editors) Diagnostic Testing 
in Emergency Medicine, (R) 813—814 

Wottsrs, U., WOLF, T., STÜTZER, H. and SCHRÖDER, T. ASA 
classification and perioperative variables as predictors of 
postoperative outcome 217-222 

WOLTJER, H. H., BOGAARD, H. J., SCHEFFER, G. J., VAN DER 
SPOEL, H. I., HUYBREGTS, M. A. J. M. and DE VRIES, 
P. M. J. M. Standardization of non-invasive impedance 
cardiography for assessment of stroke volume: comparison 
with thermodilution 748-752 

WRENCH, I. J., GIRLING, K. J. and Hosss, G. J. Alfentanil- 
mediated analgesia during propofol injection: no evidence 
for a peripheral action 162-164 

WRIGHT, P. M. C. Volatile anaesthetics and neuromuscular 
block, (C) 561 

Wu, J. see SATO, K. 381-384 

Wu, K. C. see Wu, R. S. C. 735-738 

Wu, R. S. C., Wu, K. C., Sum, D. C. W. and BisHop, M. J. 
Comparative effects of thiopentone and propofol on 
respiratory resistance after tracheal intubation 735—738 

WYATT, J. see OWEN-REECE, H., (C) 131 

Wyns, C. see EWALENKO, P. 463-467 


YAGI, M. see MASHIMO, T., (C) 436 

YAMADA, Y. see Du, H. 526-529 

YAMATO, R. see ISHII, R. 393-398 

YAMAUCHI, M. see IWASAKI, H. 243—247 

YENTIS, S. M. see EL-BEHESY, B. A. Z. 784-785; MCLURE, 
H. A. 665—668 

YLI-HANKALA, A. see HAMMARÉN, E. 360-364 

YOSHIYA, I. see SHIMAOKA, M. 238-242 


824 


YOUNG, D. see Buatry, P. C. W., (ARS) 287-288P 

Young, L. E., BLISSITT, K. J., BARTRAM, D. H., CLUTTON, 
R. E., MoLonY, V. and Jones, R. S. Measurement of 
cardiac output by transoesophageal Doppler 
echocardiography in anaesthetized horses: comparison with 
thermodilution 773—780 


AUTHOR INDEX 


ZANDSTRA, D. F. see OUDEMANS-VAN STRAATEN, H. M. 473-479 

ZAPOL, W. M. see BIGATELLO, L. M. 99-109 

ZBINDEN, A. M. see ARENDT-NIELSEN, L. 625—631; CURATOLO, 
M., (C) 808; PETERSEN-FELIX, S. 165-171; SCHÄUBLIN, J. 
636-641 

ZWAVELING, J. H. see GIRBES, A. R J. 753-757 


825 


SUBJECT INDEX 


A Practical Approach to Pain Management, LEFKOWITZ, M., 
et al., (editors), (R) 702-703 

ABC of Brainstem Death, 2nd Edn, PALLIS, C., et al., (R) 303 

Acetylcholine, Differential effects of ketamine and 
pentobarbitone on acetylcholine release from the rat 
hippocampus and striatum, SATO, K., et al. 381-384 

Acid-base equilibrium, buffers, An oral sodium 
citrate—citric acid non-particulate buffer in humans, 
HAUPTFLEISCH, J. J., et al. 642—644 

Acid-base equilibrium, metabolic acidosis, 
Normovolaemic haemodilution attenuates cardiac 
depression induced by sodium bicarbonate in canine 
metabolic acidosis, TANAKA, M., et al. 408-412 

Acid-base equilibrium, pH, Acid-base state of cerebrospinal 
fluid during pregnancy and its effect on spread of spinal 
anaesthesia, HIRABAYASHI, Y., et al. 352-355 

—, An oral sodium citrate—citric acid non-particulate buffer 
in humans, HAUPTFLEISCH, J. J., et al. 642-644 

Acid-base equilibrium, respiratory acidosis, 
Normovolaemic haemodilution attenuates cardiac 
depression induced by sodium bicarbonate in canine 
metabolic acidosis, TANAKA, M., et al. 408-412 

Age factors, Dose-response relationships for neostigmine 
antagonism of rocuronium-induced neuromuscular block in 
children and adults, ABDULATIF, M., et al. 710-715 

—, Is it always necessary to antagonize residual 
neuromuscular block? Do children differ from adults? 
HUNTER, J. M., (E) 707—709 

, Patient-controlled sedation for cataract surgery using 

peribulbar block, Pac-Soo, C. K., et al. 370-374 

» Spinal anaesthesia with 0.5% hyperbaric bupivacaine in 

elderly patients: effect of site of injection on spread of 

analgesia, VEERING, B. TH., et al. 343-346 

Airway, mucosa, Local anaesthesia to the airway reduces 
sedation requirements in patients undergoing artificial 
ventilation, MALLICK, A., et al. 731-734 

Airway, obstruction, Respiratory mechanics after abdominal 
surgery measured with continuous analysis of pressure, 
flow and volume signals, NimMMo, A. F., et al. 317-326 

Airway, pressure, New approaches to acute lung injury, 
BIGATELLO, L. M., et al. 99-109 

Airway, reflexes, Effect of an upper respiratory tract infection 
on upper airway reactivity, NANDWANI, N., et al., (ARS) 
288P 

Anaesthesia, audit, Cost of volatile anaesthetic agents, 
DANIEL, M., (C) 437 

——,, Cusum: a statistical method to evaluate competence in 
practical procedures, HAMMOND, E. J., et al., (C) 562 

—, Cusum: a statistical method to evaluate competence in 
practical procedures, KESTIN, I. G., (C) 562 

—, Randomization is important in studies with pain 
outcomes: systematic review of transcutaneous electrical 
nerve stimulation in acute postoperative pain, CARROLL, 
D., et al, 798-803 

= Ova eare of patients and transport by air, MORLEY, A, P., 

43 , 

= care of patients and transport by air, SHIRLEY, P. J., 
(C) 435 

Anaesthesia, day-case, Comparison of propofol and a 
propofol—methchexitone mixture for induction of day-case 
anaesthesia, THOMPSON, N., et al. 213-216 

Anaesthesia, depth, Effect of remifentanil on the auditory 
evoked response and haemodynamic changes after 
intubation and surgical incision, MCGREGOR, R. R., et al., 
(ARS) 688P 

, Midlatency auditory evoked potentials as indicators of 
perceptual processing during general anaesthesia, DE BEER, 
N. A. M., et al. 617-624 

—, Quantitative EEG in assessment of anaesthetic depth: 
comparative study of methodology, THOMSEN, C. E., et al. 

172-178 

, Spectral edge frequency of the electroencephalogram to 

monitor “depth” of anaesthesia with isoflurane or 

propofol, SCHWENDER, D., et al. 179-184 

» Topographic distribution of the bispectral index, HALL, 

J. D., et al., (ARS) 689-690P 

















Anaesthesia, emergency service, The care of patients and 
transport by air, MORLEY, A. P., (C) 435 

———, The care of patients and transport by air, SHIRLEY, P. J., 
(C) 435 

Anaesthesia, general, Does anaesthesia have long-term 
consequences? MASTERSON, G. R., et al., (E) 569-571 

——, Isoflurane waste gas exposure during general anaesthesia: 
the laryngeal mask compared with tracheal intubation, 
Hograur, K. H., et al. 189-193 

——, Volumetric analysis of aeration in the lungs during 
general anaesthesia, DRUMMOND, G. B., (C) 697-698 

-——, Volumetric analysis of aeration in the lungs during 
general anaesthesia, REBER, A., et al., (C) 698 

Anaesthesia, obstetric, Acid—base state of cerebrospinal fluid 
during pregnancy and its effect on spread of spinal 
anaesthesia, HIRABAYASHI, Y., et al. 352-355 

„ Ambulatory extradural analgesia in labour reduces risk of 
Caesarean section, May, A. E., et al., (ARS) 692-693P 

——, Caesarean section; efficacy of morphine patient-controlled 
anaesthesia us ketorolac infusion, BEWLAY, M. A., et al., 
(ARS) 687P 

—, Cardiac arrest after Caesarean section under subarachnoid 
block, ScuLL, T. J., et al. 274-276 

—, CSF progesterone and spread of subarachnoid anaesthesia 
in pregnancy, CHAN, M. T. V., et al., (C) 293 

—, CSF progesterone and spread of subarachnoid anaesthesia 
in pregnancy, HIRABAYASHI, Y., (C) 293-294 

Difficult tracheal intubation, BROOMHEAD, C. J., et ai., 

(C) 436 

, Difficult tracheal intubation, Jonas, M., et al., (C) 
436—437 

—, Extradural anaesthesia for Caesarean section in a patient 
with moyamoya disease, NGAN KEE, W. D., et al. 550-552 

—, Extradural clonidine combined with sufantanil and 
0.0625 % bupivacaine for analgesia in labour, CHASSARD, 
D., et al. 458-462 

——, Failed intubation during obstetric anaesthesia, JENKINS, 
J. G., (C) 698 

» Failed tracheal intubation, HAWTHORNE, L., et al., (C) 

559 

—, Failed tracheal intubation, HAWTHORNE, L., et al., (C) 
559-560 

——-, Failed tracheal intubation, HAWTHORNE, L., et al., (C) 
560 


-——, Failed tracheal intubation, KESSELL, G., (C) 560 

——, Failed tracheal intubation, MCBRIEN, M. E., (C) 559 

—, Failed tracheal intubation, NORMAN, B., (C) 559 

-——, General anaesthesia for Caesarean section in a parturient 
with Noonan’s syndrome, McLurg, H. A., et al. 665-668 

———, Influence of patient position on withdrawal forces during 
removal of lumbar extradural catheters, Morris, G. N., 
et al. 419-420 

, Single bolus compared with a fractionated dose injection 

technique of bupivacaine for extradural Caesarean section: 

effect on uteroplacental and fetal haemodynamic state, 

KARINEN, J., et al. 140-144 

——, Soft tissue anatomy within the vertebral canal in pregnant 
women, HIRABAYASHI, Y., et al. 153-156 

» Spinal anaesthesia for Caesarean section, FOSTER, R. N., 

et al., (C) 301 

„ Spinal anaesthesia for Caesarean section, STONEHAM, M., 

et al., (C) 301-302 

, Spinal anaesthesia for Caesarean section, VICKERS, R., 

et al., (C) 301 

, Spinal anaesthesia for Caesarean section: effect of Sprotte 

needle orientation, JAMES, K. S., et al. 150-152 

» Spinal anaesthesia with 0.25% hyperbaric bupivacaine for 

Caesarean section: effects of volume, CHUNG, C. J., et al. 

145-149 

——, Sternomental distance as the sole predictor of difficult 
laryngoscopy in obstetric anaesthesia, RAMADHANI, 

S.A. L., et al. 312-316 

, Sternomental distance as the sole predictor of difficult 

laryngoscopy in obstetric anaesthesia, RAMADHANI, 

S.A. L., et al., (e) 701 



































Anaesthesia, obstetric 


—, Unexpected high spinal block in obstetrics, RICHARDSON, 
M. G., et al., (C) 806-807 

—, Unrecognized “crack” cocaine abuse in pregnancy, 
CAMPBELL, D., et al. 553-555 

Anaesthesia, paediatric, Dose-response relationships for 
neostigmine antagonism of rocuronium-induced 
neuromuscular block in children and adults, ABDULATIF, 
M., st al. 710-715 

—, Effect of anaesthesia on lung function in children with 
asthma, May, H. A., et al. 200-202 

——, Intubating conditions and time course of rocuronium- 
induced neuromuscular block in children, FUCHS-BUDER, 
T., et al. 335-338 

—, Ketamine and norketamine plasma concentrations after 
i.v., nasal and rectal administration in children, 
MaA.inovsky, J.-M., et al. 203-207 

—, Perioperative changes in @,-acid glycoprotein 
concentrations, TUCKER, G.T (C) 130 

—, Pharmacokinetics of atracurium after paediatric 
orthotopic liver transplantation, CHow, B. F. M., et al., 
(ARS) 687-688P 

——, Preoxygenation in children using expired oxygraphy, 
BUTLER, P. J., et al. 333-334 

—, Propofol or halothane anaesthesia for children with 
asthma: effects on respiratory mechanics, HABRE, W., et al. 
739-743 

Anaesthesia Review 12, KAUFMAN, L., et al., (editors), (R) 564 

Anaesthetic techniques, extradural, Ambulatory extradural 
analgesia in labour reduces risk of Caesarean section, MAY, 
A. E., et al., (ARS) 692-693P 

—, Distinguishing cerebrospinal fluid from saline used to 
identify the extradural space, EL-BEHESY, B. A. Z., et al. 
784-785 

——., Extradural anaesthesia for Caesarean section in & patient 
with moyamoya disease, NGAN Ke, W. D., et al. 550-552 

—, Extradural clonidine combined with sufantanil and 
0.0625 % bupivacaine for analgesia in labour, CHASSARD, 
D., et al. 458-462 

—, Inflammatory changes after extradural anaesthesia may 
affect the spread of local anaesthetic within the extradural 
space, IGARASHI, T., et al. 347-351 

——, Normal saline i.v. fluid load decreases uterine activity in 
active labour, CHEEK, T. G., et al. 632-635 

——, Pre-emptive analgesia with NSAID—what does it 
achieve? Hupsprrs, M. J., et al., (C) 128-129 

——, Pre-emptive analgesia with NSAID—what does it 
achieve? Morrison, L. M. M., et al., (C) 129 

——, Single bolus compared with a fractionated dose injection 
technique of bupivacaine for extradural Caesarean section: 
effect on uteroplacental and fetal haemodynamic state, 
KARINEN, J., et al. 140-144 

——, Spinal anaesthesia for Caesarean section, FosTER, R. N., 
et al., (C) 301 

——-, Spinal anaesthesia for Caesarean section, STONEHAM, M., 
et al., (C) 301-302 

—, Spinal anaesthesia for Caesarean section, VICKERS, R., 
et al., (C) 301 

—, Time course of increased haemodilution in hypotension 
induced by extradural anaesthesia, DROBIN, D., et al. 
223-226 

—, Unexpected high spinal block in obstetrics, RICHARDSON, 
M. G., et al., (C) 806-807 

Anaesthetic techniques, hypotensive, Atrioventricular 
conduction during adenosine-induced hypotension in dogs 
anaesthetized with sevoflurane, Ison, R., et al. 393-398 

Anaesthetic techniques, hypothermia, Efficacy of 
intraoperative heat administration by ventilation with warm 
humidified gases and an oesophageal warming system, 
Beck, E., et al. 530-533 

Anaesthetic. techniques, induction, Comparison of propofol 
and a propofol-methohexitone mixture for induction of 
day-case anaesthesia, THOMPSON, N., et al. 213-216 

—, Influence of induction technique on intubating conditions 
after rocuronium in adults: comparison with rapid- 
sequence induction using thiopentone and suxamethonium, 
SPARR, H. J., et al. 339-342 

—, Intubating conditions and time course of rocuronium- 
induced neuromuscular block in children, FucHs-Bupsr, 
T., et al, 335-338 

Anaesthetic techniques, i.v., Computer-controlled infusion 
of propofol for long neurosurgical procedures, Lim, T. A., 
et al., (ARS) 289-290P 

——, Ketamine and norketamine plasma concentrations after 
i.v., nasal and rectal administration in children, 
MALINOYSKY, J.-M., et al. 203-207 

Anaesthetic techniques, laryngoscopy, Sternomental 
distance as the sole predictor of difficult laryngoscopy in 
obstetric anaesthesia, RAMADHANI, S. A. L., et al. 312-316 


826 


——, Sternomental distance as the sole predictor of difficult 
laryngoscopy in obstetric anaesthesia, RAMADHANI, 
S.-A. L., et al., (e) 701 

—, What future is there for predicting difficult intubation? 
CHARTERS, P., (E) 309-311 

Anaesthetic techniques, low flow, Fuzzy logic control of 

inspired volatile anaesthetic concentrations, CURATOLO, M., 

et al., (C) 808 

, Fuzzy logic control of inspired volatile anaesthetic 

concentrations, WISSING, H., et al., (C) 807-808 

Anaesthetic techniques, nasal, Ketamine and norketamine 
plasma concentrations efter i.v., nasal and rectal 
administration in children, MALINOVSKY, J.-M., et al. 
203-207 

Anaesthetic techniques, preoxygenation, Preoxygenation in 
children using expired oxygraphy, BUTLER, P. J., et 
333-334 

Anaesthetic techniques, rectal, Ketamine and norketamine 
plasma concentrations after i.v., nasal and rectal 
administration in children, MALINOVSKY, J.-M., et al. 
203-207 

Anaesthetic techniques, regional, Thrombelastography 
changes in pre-eclampsia and eclampsia, ORLIKOWSKI, 
C. E. P., et al. 157-161 

Anaesthetic techniques, regional, caudal, Comparison of 
caudal bupivacaine and diamorphine with caudal 
bupivacaine alone for repair of hypospadias, KELLEHER, 
A. A., et al. 586-590 

Anaesthetic techniques, regional, peribulbar, Patient- 
controlled sedation for cataract surgery using peribulbar 
block, Pac-Soo, C. K., et al. 370-374 

Anazesthetic techniques, subarachnoid, Acid—base state of 
cerebrospinal fluid during pregnancy and its effect on 
spread of spinal anaesthesia, HIRABAYASHI, Y., et al. 
352-355 








block, SCOLL, T. J., et al. 274-276 


in pregnancy, CHAN, M. T. V., et al., (C) 293 

—, CSF progesterone and spread of subarachnoid anaesthesia 
in pregnancy, HIRABAYASHI, Y., (C) 293-294 

—, Evaluation of the usefulness of intrathecal bupivacaine 
infusion for analgesia after hip and knee arthroplasty, 
NIEMI, L., et al. 544-545 

» Heparinase-guided thrombelastography in an 

anticoagulated parturient, ABRAMSON, D. C., et al. 556-558 


CRITCHLEY, L. A. H., et al., (C) 808-809 

„ Hypotension during subarachnoid anaesthesia, WATTERS, 
M., (C) 808 

—, Spinal anaesthesia for Caesarean section, FOSTER, R. N., 
et al., (C) 301 

s Spinal anaesthesia for Caesarean section, STONEHAM, M., 

et al., (C) 301-302 

y Spinal anaesthesia for Caesarean section, VICKERS, R., 

et al., (C) 301 

» Spinal anaesthesia for Caesarean section: effect of Sprotte 
needle orientation, JAMES, K. S., et al. 150-152 

——, Spinal anaesthesia with 0.25% hyperbaric bupivacaine for 
Caesarean section: effects of volume, CHUNG, C. J., et al. 
145-149 

—, Spinal anaesthesia with 0.5% hyperbaric bupivacaine in 
elderly patients: effect of site of injection on spread of 
analgesia, VEERING, B. TH., et al. 343-346 

Anaesthetics gases, nitrous oxide, Adequate general 
anaesthesia—what are we trying to achieve? MUNGLANI, 
R., et al., (C) 300-301 

——, Adequate general anaesthesia—what are we trying to 
achieve? O’Connor, T. C., et al., (C) 299-300 
—, Comparison of the effects of controlled ventilation with 
100% oxygen, 50% oxygen in nitrogen, and 50% oxygen 
in nitrous oxide on responses to venous air embolism in 
pigs, KYTTĀ, J., et al. 658-661 

Effect of naloxone on nitrous oxide analgesia, GILLMAN, 

M. A., et al., (C) 435 

—, Effect of naloxone on nitrous oxide analgesia, MASHIMO, 
T., et al., (C) 436 

—, Effects of fentanyl, nitrous oxide, or both, on 

baroreceptor reflex regulation in the cat, LENNANDER, Ö., 

et al. 399-403 

» Is Doppler monitoring mandatory in laparoscopic 

surgery? D’HOLLANDER, A. A., (C) 807 
































surgery? FERRANDO, A., et al., (C) 807 
——,, Nitrous oxide produces a non-linear reduction in 
thiopentone requirements, KATOH, T., et al. 265-267 
——, Visual evoked potentials and nitrous oxide-induced 
neuronal depression: role for benzodiazepine receptors, 
Dzozyjic, M., et al. 522-525 


827 


Anaesthetics i.v., Effects of i.v. anaesthetics and lipid 
solutions on polymorphonuclear leucocyte chemotaxis in 
vitro, LEUWERI, M., et al., (ARS) 695P 

, I.v. anaesthetic agents do not interact with the verapamil 
binding site on L-type voltage-sensitive Ca*+ channels, 
HIROTA, K., et al. 385-386 

—,, Lv. anaesthetic agents inhibit dihydropyridine binding to 
L-type voltage-sensitive Ca?t channels in rat 
cerebrocortical membranes, HIROTA, K., et al. 248-253 

Anaesthetics i.v., alfentanil, Local anaesthesia to the airway 
reduces sedation requirements in patients undergoing 
artificial ventilation, MALLICK, À., et al. 731-734 

Anaesthetics i.v., eltanolone, Myocardial effects of 
eltanolone in hamsters with hypertrophic cardiomyopathy, 
RoEL, P., et al. 653-657 

—, Ventilatory effects of eltanolone during induction of 
anaesthesia: comparison with propofol and thiopentone, 
SPENS, H. J., et al. 194-199 

Anaesthetics i.v., etomidate, Different in vitro effects of 
aqueous or lipid etomidate preparations on neutrophil 
respiratory burst, LBUWER, M., et al., (ARS) 282-283P 

—, Effect of etomidate on the mass response of cells of 
cortical lamina V evoked by antidromic activation in the 
oa e-anaesthetized rat, ARNOTT, R. H., et al., (ARS) 
282 

—, Is inhibition of dopamine uptake relevant to the hypnotic 
action of i.v. anaesthetics? KEITA, H., et al. 254-256 

Anaesthetics i.v., ketamine, Assessment of a model 

predicted infusion of ketamine used with propofol for total 

i.v. anaesthesia, SWINHOE, C. F., et al., (ARS) 286-287P 

Differential effects of ketamine and pentobarbitone on 

acetylcholine release from the rat hippocampus and 

striatum, SATO, K., et al. 381-384 

, Effect of racemic mixture and the (S +)}-isomer of 
ketamine on temporal and spatial summation of pain, 
ARENDT-NIELSEN, L., et al. 625—631 

— , Effect of systemic N-methyl-D-aspartate receptor 
antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, ILKJAER, S., et al., (e) 567 

, Is inhibition of dopamine uptake relevant to the hypnotic 

action of i.v. anaesthetics? KEITA, H., et al. 254-256 

, Ketamine and norketamine plasma concentrations after 

i.v., nasal and rectal administration in children, 

MALINovskY, J.-M., et al. 203-207 

——., Ketamine inhibits nitric oxide production in mouse- 
activated macrophage-like cells, SHIMAOKA, M., et al. 
238-242 

——,, Ketamine: its mechanism(s) of action and unusual clinical 
uses, HIROTA, K., et al., (E) 441-444 

Anaesthetics i.v., methohexitone, Comparison of patient- 
controlled sedation with either methohexitone or propofol, 
Hamp, S. K., et al. 727-730 

„ Comparison of propofol and a propofol-methohexitone 
mixture for induction of day-case anaesthesia, THOMPSON, 
N., et al. 213-216 

—, Flow cytometry evaluation of the im vitro influence of four 
i.v. anaesthetics on respiratory burst of neutrophils, HEINE, 
J., et al. 387-392 

Anaesthetics i.v., propofol, Alfentanil-mediated analgesia 

during propofol injection: no evidence for a peripheral 

action, WRENCH, I. J., et al. 162-164 

, Antiemetic effect of subhypnotic doses of propofol after 

thyroidectomy, EWALENKO, P., et al. 463-467 

» Cardiopulmonary bypass-induced changes in plasma 

concentrations of propofol and in auditory evoked 
potentials, |, E., et al. 360-364 

——, Comparative actions of propofol and thiopentone on cell 
membranes of isolated guineapig ventricular myocytes, 
Saxar, F., et al. 508-516 

—, Comparative effects of thiopentone and propofol on 
respiratory resistance after tracheal intubation, Wu, 

R. S. C., et al. 735-738 

—, Comparison of patient-controlled sedation with either 

methohexitone or propofol, HAM, S. K., et al. 727-730 

» Comparison of propofol and a propofol-methohexitone 

mixture for induction of day-case anaesthesia, THOMPSON, 

N., et al. 213-216 

,» Computer-controlled infusion of propofol for long 

neurosurgical procedures, Lim, T. A., et al., (ARS) 

289-290P 

, Concentration-related effects of propofol on the auditory 

evoked response, TooLEY, M. A., et al. 720-726 

, Effect of propofol on the electrocorticogram in patients 

undergoing cortical resection, CHU, D. L. K., et al., (ARS) 

688-689P 

, Flow cytometry evaluation of the in vitro influence of four 

i.v. anaesthetics on respiratory burst of neutrophils, HEINE, 

J., et al. 387-392 









































Anaesthetics local, bupivacaine 


——-, Is inhibition of dopamine uptake relevant to the hypnotic 
action of i.v. anaesthetics? Kerra, H., et al. 254-256 

—, Local anaesthesia to the airway reduces sedation 
requirements in patients undergoing artificial ventilation, 
MALLICK, À., et al. 731-734 

—, Patient-controlled sedation for cataract surgery using 
peribulbar block, Pac-Soo, C. K., et al. 370-374 

» Propofol or halothane anaesthesia for children with 
asthma: effects on respiratory mechanics, HABRE, W., et al. 
739-743 

—, Propofol protects rat hepatocytes against an oxidant 
stress, NAVAPURKAR, V. U., et al., (ARS) 691P 

—, Psychophysical and electrophysiological responses to 
experimental pain may be influenced by sedation: 
comparison of the effects of a hypnotic (propofol) and an 
analgesic (alfentanil), -FELIX, S., et al. 165-171 

——,, Spectral edge frequency of the electroencephalogram to 
monitor ‘‘depth”’ of anaesthesia with isoflurane or 
propofol, SCHWENDER, D., et al. 179-184 

——,, Ventilatory effects of eltanolone during induction of 
anaesthesia: comparison with propofol and thiopentone, 
SPENS, H. J., et al. 194-199 

Anaesthetics i.v., thiamylal, Thiobarbiturates suppress 
depolarization-induced contraction of vascular smooth 
muscle without suppression of calcium influx, KITAMURA, 
R., et al. 503-507 

Anaesthetics i.v., thiopentone, Comparative actions of 
propofol and thiopentone on cell membranes of isolated 
guineapig ventricular myocytes, SAKAI, F., et al. 508-516 

„ Comparative effects of thiopentone and propofol on 

respiratory resistance after tracheal intubation, Wu, 

R. S. C., et al. 735-738 

, Flow cytometry evaluation of the in vitro influence of four 
i.v. anaesthetics on respiratory burst of neutrophils, HEINE, 
J., et al. 387-392 

—, Influence of induction technique on intubating conditions 
after rocuronium in adults: comparison with rapid- 
sequence induction using thiopentone and suxamethonium, 

Sparr, H. J., et al. 339-342 

» Is inhibition of dopamine uptake relevant to the hypnotic 
action of i.v. anaesthetics? Kerra, H., et al. 254-256 

—, Nitrous oxide produces a non-linear reduction in 

thiopentone requirements, KATOH, T., et al. 265-267 

» Thiobarbiturates suppress depolarization-induced 

contraction of vascular smooth muscle without suppression 

of calcium inftux, KITAMURA, R., et al. 503—507 

» Ventilatory effects of eltanolone during induction of 

anaesthesia: comparison with propofol and thiopentone, 

SPENS, H. J., et al. 194-199 

Anaesthetics local, Effects of local anaesthetics on 

carrageenan-evoked inflammatory nociceptive processing in 

the rat, BURITOVA, J., et al. 645-652 

, Hyaluronidase and peribulbar block, DEMPSEY, G. A., 

et al., (ARS) 284P 

, Is the neuronal dihydropyridine binding site on L-type 
calcium channels a target for local anaesthetic agents? 
Browne, T., et al., (ARS) 290P 

Anaesthetics local, amethocaine, Acid—base state of 
cerebrospinal fluid during pregnancy and its effect on 
spread of spinal anaesthesia, HIRABAYASHI, Y., et al. 
352-355 

, CSF progesterone and spread of subarachnoid anaesthesia 

in pregnancy, CHAN, M. T. V., et al., (C) 293 

» CSF progesterone and spread of subarachnoid anaesthesia 

in pregnancy, HIRABAYASHI, Y., (C) 293-294 

Anaesthetics local, bupivacaine, Comparison of caudal 
bupivacaine and diamorphine with caudal bupivacaine 
alone for repair of hypospadias, KELLEHER, A. A., et al. 
586-590 

—, Comparison of the effect of intrathecal and extradural 
fentanyl on gastric emptying in labour, KELLY, M. C., 
et al., (ARS) 686P 

—, Evaluation of the usefulness of intrathecal bupivacaine 
infusion for analgesia after hip and knee arthroplasty, 
NEMI, L., et al. 544-545 

—, Extradural clonidine combined with sufantanil and 
0.0625 % bupivacaine for analgesia in labour, CHASSARD, 
D., et al. 458-462 

» Myocardial extraction of bupivacaine in anaesthetized 

sheep and by hearts of sheep and rats in vitro, FoTH, H., 

et al. 257-264 

» Single bolus compared with a fractionated dose injection 

technique of bupivacaine for extradural Caesarean section: 

effect on uteroplacental and fetal haemodynamic state, 

KARINEN, J., et al. 140-144 

, Spinal anaesthesia for Caesarean section: effect of Sprotte 

needle orientation, JAMES, K. S., et al. 150-152 

, Spinal anaesthesia with 0.25 % hyperbaric bupivacaine for 












































Anaesthetics local, bupivacaine 


Caesarean section: effects of volume, CHUNG, C. J., et al. 
145-149 
, Spinal anaesthesia with 0.5% hyperbaric bupivacaine in 

elderly patients: effect of site of injection on spread of 
analgesia, VEERING, B. TH., et al. 343-346 

Anaesthetics local, lignocaine, A model of the first pass 

assage of drugs from i.v. injection site to the 

Feart parameter estimates for lignocaine in the sheep, 
UPTON, R. N. 764-772 








requirements in patients undergoing artificial ventilation, 
MALLICK, A., et al. 731-734 





calcium channel blockers in rats, IWASAKI, H., et al. 
243-247 

Anaesthetics volatile, Comparative effects of halothane, 
isoflurane and pentobarbitone on calcium currents in 
identified molluscan neurones, Morris, T. J., et al., (ARS) 
696P 

— , Cost of volatile anaesthetic agents, DANIEL, M., (C) 437 

—, Volatile anaesthetics and neuromuscular block, 
VANLINTHOUT, L. E. H., et al., (C) 561-562 

——, Volatile anaesthetics and neuromuscular block, WRIGHT, 
P. M. C., (C) 561 

Anaesthetics volatile, desflurane, Effect of halothane, 
isoflurane and desflurane on lower oesophageal sphincter 
tone, CHASSARD, D., et al. 781-783 





SMITH, M. A., et al., (ARS) 292P 





desflurane and isoflurane anaesthesia, KUMAR, N., et al. 
488—491 
Anaesthetics volatile, ether, Ether anaesthesia comes to 
London. December 1846, SPENCE, A. A., (E) 705-706 
Anaesthetics volatile, halothane, Adequate general 
anaesthesia—what are we trying to achieve? MUNGLANI, 
R., et al., (C) 300-301 
—, Adequate general anaesthesia—what are we trying to 
achieve? O’Connor, T. C., et al., (C) 299-300 
——-, Comparison of the effects of halothane and isoflurane on 
the electroencephalogram of the horse, JOHNSON, C. B., 
et al., (ARS) 689P 
, Dose-response curve for anaesthetics based on the 
Monod—Wyman-—Changeux model, Iwas, T., et al. 517-521 
—, Effect of halothane, isoflurane and desflurane on lower 
oesophageal sphincter tone, Cuassarp, D., et al. 781-783 
—, Hepatocellular integrity during and after isoflurane and 
halothane anaesthesia in surgical patients, TIAINEN, P., 
et al. 744-747 
, Propofol or halothane anaesthesia for children with 
asthma: effects on respiratory mechanics, HABRE, W., et al. 
739-743 
, Quantitative EEG in assessment of anaesthetic depth: 
comparative study of methodology, THOMSEN, C. E., er al. 
172-178 














induced arteriolar dilatation in rat diaphragm, DE 
LARMINAT, V., et al. 232-237 

Anaesthetics volatile, isoflurane, Comparison of the effects 
of halothane and isoflurane on the electroencephalogram of 
the horse, JOHNSON, C. B., et al., (ARS) 689P 

—, Dose-response curve for anaesthetics based on the 
Monod-Wyman-Changeux model, Iwar, T., et al. 517-521 

—, Effect of halothane, isoflurane and desflurane on lower 
oesophageal sphincter tone, CHASSARD, D., et al. 781-783 





concentrations, CURATOLO, M., et al., (C) 808 

—, Fuzzy logic control of inspired volatile anaesthetic 
concentrations, WISSING, H., et al., (C) 807-808 

—, Hepatocellular integrity during and after isoflurane and 
halothane anaesthesia in surgical patients, TIAINEN, P., 

et al. 744-747 

» Isoflurane for sedation in a case of congenital myasthenia 
gravis, MCBETH, C., et al. 672-674 

—, Isoflurane waste gas exposure during general anaesthesia: 
the laryngeal mask compared with tracheal intubation, 
Hogravr, K. H., et al. 189-193 








receptors by isoflurane: effects of a point mutation in the 
M2 domain, Epwarps, M. D., et al., (ARS) 281P 





desflurane and isoflurane anaesthesia, KUMAR, N., et al. 
488-491 





comparative study of methodology, THOMSEN, C. E., et al. 
172-178 





edge frequency of the electroencephalogram to 
monitor “depth” of anaesthesia with isoflurane or 
propofol, SCHWENDER, D., et al. 179-184 


828 


Anaesthetics volatile, sevoflurane, Atrioventricular 
conduction during adenosine-induced hypotension in dogs 
anaesthetized with sevoflurane, ISHII, R., et al. 393-398 

~———, Effect of sevoflurane anaesthesia on plasma concentrations 
of glutathione S-transferase, Ray, D. C., et al. 404-407 

——, Sevoflurane, DANIEL, M., (C) 294-295 

——, Sevoflurane, SMITH, I., et al., (C) 295 

———., Sevoflurane degradation to compound A in anaesthesia 
breathing systems, CUNNINGHAM, D. D., et al. 537-543 

Anzesthetist, training, Cusum: a statistical method to 
evaluate competence in practical procedures, HAMMOND, 
E. J., et al., (C) 562 

——, Cusum: a statistical method to evaluate competence in 
practical procedures, KESTIN, I. G., (C) 562 

—, Use of mechanical simulator for training in applying 
cricoid pressure, ASHURST, N., et al. 468-472 

Analgesia, obstetric, Comparison of the effect of intrathecal 
and extradural fentanyl on gastric emptying in labour, 
KELLY, M. C., et al., (ARS) 686P 

Analgesia, patient-controlled, Caesarean section; efficacy of 
morphine patient-controlled anaesthesia vs ketorolac 
infusion, BEWLAY, M. A., et al., (ARS) 687P 

——, Respiratory depression following morphine and alfentanil 
in combination, RAMIREZ, J. A., et al., (ARS) 690P 

Analgesia, postoperative, Respiratory mechanics after 
abdominal surgery measured with continuous analysis of 
pressure, flow and volume signals, NIMMO, A. F., et al. 
317-326 

——, Surgical pain is followed not only by spinal sensitization 
but also by supraspinal antinociception, WILDER-SMITH, 
O. H. G., et al., (e) 566-567 

Analgesia, pre-emptive, Adequate general anaesthesia—what 
are we trying to achieve? MUNGLANI, R., et al., (C) 
300-301 





achieve? O’Connor, T. C., et al., (C) 299-300 

——., Analgesia: dose-effect or pre-emptive effect? MALLICK, 
A., et al., (C) 297-298 

——, Analgesia: dose-effect or pre-emptive effect? MANSFIELD, 
M. D., et al., (C) 298 
—, Effects of local anaesthetics on carrageenan-evoked 
inflammatory nociceptive processing in the rat, BURITOVA, 
J., et al. 645-652 

—; Pre-emptive analgesia with NSAID—what does it 
achieve? Hupspiru, M. J., et al., (C) 128-129 

—, Pre-emptive analgesia with NSAID—what does it 
achieve? Morrison, L. M. M., et al., (C) 129 

—, Surgical pain is followed not only by spinal sensitization 
but also by supraspinal antinociception, WILDER-SMITH, 
O. H. G., et al., (e) 566-567 

Analgesic techniques, extradural, Thoracic extradural 
infusions for pain after thoracotomy: are 
fentanyl—bupivacaine mixtures better than fentanyl alone? 
Manon, S. V., et al., (ARS) 691P 

Analgesic techniques, regional, intrathecal, 
Antinociception by intrathecal midazolam involves 
endogenous neurotransmitters acting at spinal cord delta 
opioid receptors, GOODCHILD, C. S., et al. 758-763 

Analgesics non-opioid, aspirin, irin and the bleeding 
time, SONKSEN, J. R., et al., PEL 687P 

Analgesics non-opioid, diclofenac, Morphine consumption 
in patients receiving rectal paracetamol and diclofenac 
alone and in combination, MONTGOMERY, J. E., et al. 
445-447 

Analgesics non-opioid, ketorolac, Caesarean section; 
efficacy of morphine patient-controlled anaesthesia vs 
ketorolac infusion, BEwLay, M. A., et al., (ARS) 687P 

Analgesics non-opioid, paracetamol, Morphine 
consumption in patients receiving rectal paracetamol and 
diclofenac alone and in combination, MONTGOMERY, J. E., 
et al. 445-447 

Analgesics non-opioid, piroxicam, Effect of combining 
tramadol with piroxicam for analgesia after total hip 
replacement, ECKBRSALL, S., et al., (ARS) 692P 

Analgesics opioid, Antinociception by intrathecal midazolam 
involves endogenous neurotransmitters ai at spinal 
cord delta opioid receptors, GOODCHILD, C CS, et al. 
758-763 

——, Is glutamate release from rat cerebrocortical slices opioid 
receptor subtype selective? NICOL, B., et al., (ARS) 282P 

——, Molecular mechanisms of drug metabolism in the 
critically ill, Parx, G. R. 32-49 

Analgesics opioid, alfentanil, Alfentanil-mediated analgesia 
during propofol injection: no evidence for a peripheral 
action, WRENCH, I. J., et al. 162-164 

Influence of induction technique on intubating conditions 

after rocuronium in adults: comparison with rapid- 

sequence induction using thiopentone and suxamethonium, 

SPARR, H. J., et al. 339-342 





829 


—,, Psychophysical and electrophysiological responses to 
experimental pain may be influenced by sedation: 
comparison of the effects of a hypnotic (propofol) and an 
analgesic (alfentanil), PETERSEN-FELIX, S., et al. 165-171 

—,, Respiratory depression following morphine and alfentanil 
in combination, RAMIREZ, J. A., et al., (ARS) 690P 

—, Synergistic interactions between midazolam and alfentanil 
in isolated neonatal rat spinal cord, FENG, J., et al. 375-380 

Analgesics opioid, diamorphine, Comparison of caudal 
bupivacaine and diamorphine with caudal bupivacaine 
alone for repair of hypospadias, KELLEHER, A. A., et al. 
586-590 

Analgesics opioid, fentanyl, Adequate general 
anaesthesia—what are we trying to achieve? MUNGLANI, 
R., et al., (C) 300-301 

—, Adequate general anaesthesia—what are we trying to 
achieve? O’Connor, T. C., et al., (C) 299-300 

—, Comparison of the effect of intrathecal and extradural 
fentanyl on gastric emptying in labour, KELLY, M. C., 
et al., (ARS) 686P 

—, Effects of fentanyl, nitrous oxide, or both, on 
baroreceptor reflex regulation in the cat, LENNANDER, 6., 
et al. 399-403 

—, Perioperative pharmacokinetics of transdermal fentanyl in 
young and elderly patients, THOMPSON, J. P., et al., (ARS) 
290-291P 

—, Thoracic extradural infusions for pain after thoracotomy: 
are fentanyl~bupivacaine mixtures better than fentanyl 
alone? Manon, S. V., et al., (ARS) 691P 

Analgesics opioid, morphine, Analgesia: dose-effect or pre- 

emptive effect? MALLICK, A., et al., (C) 297-298 

Analgesia: dose-effect or pre-emptive effect? MANSFELD, 
M. D., et al., (C) 298 

——-, Caesarean section; efficacy of morphine patient-controlled 
anaesthesia vs ketorolac infusion, BEwLay, M. A., et al, 
(ARS) 687P 

—, Morphine consumption in patients receiving rectal 
paracetamol and diclofenac alone and in combination, 
MONTGOMERY, J. E., et al. 445-447 

Analgesics opioid, remifentanil, Effect of remifentanil on 
the auditory evoked response and haemodynamic changes 
after intubation and surgical incision, MCGREGOR, R. R., 
et al., (ARS) 688P 

Analgesics opioid, sufentanil, Extradural clonidine 
combined with sufantanil and 0.0625 % bupivacaine for 
analgesia in labour, CHASSARD, D., et al. 458-462 

Analgesics opioid, tramadol, Effect of combining tramadol 
with piroxicam for analgesia after total hip replacement, 
ECKERSALL, S., et al., (ARS) 692P 

Anatomy, extradural space, Soft tissue anatomy within the 
vertebral canal in pregnant women, HIRABAYASHI, Y., et al. 
153-156 

Antagonists, enzyme, plasma cholinesterase, 
Edrophonium and human plasma cholinesterase 
combination for antagonism of mivacurium-induced 
neuromuscular block, NAGUIB, M., et al. 424-426 

Antagonists neuromuscular block, edrophonium, 
Edrophonium and human plasma cholinesterase 
combination for antagonism of mivacurium-induced 
neuromuscular block, NAGUI®, M., et al. 424-426 

——, Neuromuscular blocking action of suxamethonium after 
antagonism of vecuronium by edrophonium, 
pyridostigmine or neostigmine, FLEMING, N. W., et al. 
492-495 

Antagonists neuromuscular block, neostigmine, 
Dose-response relationships for neostigmine antagonism of 
rocuronium-induced neuromuscular block in children and 
adults, ABDULATIF, M., et al. 710-715 

—, Is recovery of neuromuscular transmission complete after 
the use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium? 
BAURAIN, M. J., et al. 496499 

——-, Neuromuscular blocking action of suxamethonium after 
antagonism of vecuronium by edrophonium, 
pyridostigmine or neostigmine, FLEMING, N. W., et al. 
492-495 

Antagonists neuromuscular block, pyridostigmine, 
Neuromuscular blocking action of suxamethonium after 
antagonism of vecuronium by edrophonium, 
pyridostigmine or neostigmine, FLEMING, N. W., et al. 
492-495 

Antagonists opioid, naloxone, Effect of naloxone on nitrous 
oxide analgesia, GILLMAN, M. A., et al., (C) 435 

—, Effect of naloxone on nitrous oxide analgesia, MASHIMO, 
T., et al., (C) 436 

Anticonvulsants, Chronic carbamazepine therapy does not 
influence mivacurium-induced neuromusculer block, 
SPACEX, A., et al. 500-502 

Arterial pressure, drug effects, Effects of rocuronium and 





Book Reviews 


vecuronium on intracranial pressure, mean arterial pressure 
and heart rate in neurosurgical patients, SCHRAMM, W, M., 
et al. 607—611 

Arterial pressure, hypotension, Time course of increased 
haemodilution in hypotension induced by extradural 
anaesthesia, DROBIN, D., et al. 223-226 

Arteries, Determinants of splanchnic blood flow, TAKALA, J. 
50-58 

Arteries, aorta, Haemodynamic and metabolic response to 
endovascular repair of infra-renal aortic aneurysms, 
BAXENDALE, B. R., et al. 581-585 

Arteries, cannulation, An iatrogenic arterial foreign body, 
Swag, U. S., et al. 430-431 

—, Locating an arterial foreign body by ultrasonography, 
BALL, D. R., et al., (C) 811 

Assessment, ASA classification, ASA classification and 
perioperative variables as predictors of postoperative 
outcome, WOLTERS, U., et al. 217-222 

Asthma, Effect of anaesthesia on lung function in children 
with asthma, May, H. A., et al, 200-202 

——, Propofol or halothane anaesthesia for children with 
asthma: effects on respiratory mechanics, HABRE, W., et al. 
739-743 

Autonomic nervous system, autoregulation, Effect of 
carbon dioxide on cerebral autoregulation as assessed by 
the transient hyperaemic response test, CAVILL, G., et al., 
(ARS) 685-686P 


Bailliere’s Clinical Anaesthesiology : International Practice and 
Research, vol. 10, No. 1. The Lung in Anaesthesia and 
Intensive Care, PEARL, R. G., (R) 439 

Blood, anticoagulants, Aspirin and the bleeding time, 
SONKSEN, J. R., et al., (ARS) 687P 

Blood, anticoagulants, heparin, Heparinase-guided 
thrombelastography in an anticoagulated parturient, 
ABRAMSON, D. C., et al. 556-558 

Blood, chemotaxis, Effects of i.v. anaesthetics and lipid 
solutions on polymorphonuclear leucocyte chemotaxis in 
vitro, LEUWERI, M, et al., (ARS) 695P 

Blood, coagulation, Haemodilution induces a hypercoagulable 
state, ENTHOLZNER, E. K., et al., (C) 809 

—, Haemodilution induces a hypercoagulable state, MARDEL, 

S. N., et al., (C) 700-701 

. Haemodilution induces a hypercoagulabile state, 

RUTTMAN, T. G., et al., (C) 701 

 Haemodilution induces a hypercoagulable state, 
RUTTMANN, T. G., et al., (C) 809 

—, Hypercoagulability induced by crystalloids, FARMERY, 
A. D., et al., (C) 132 

—, Hypercoagulability induced by crystalloids, RUTTMANN, 
T. G., et al., (C) 132 

—, Thrombelastography changes in pre-eclampsia and 
eclampsia, ORLIKOWSKI, C. E. P., et al. 157-161 

Blood, flow, Determinants of splanchnic blood flow, TAKALA, 
J. 50-58 

, Disturbance of leucocyte circulation and adhesion to the 
endothelium as factors in circulatory pathology, ADAMS, 
D. H., et al. 17-31 

—, Effects of dopamine on oxygen consumption and gastric 
mucosal blood flow during cardiopulmonary bypass in 
humans, KARZAI, W., et al. 603-606 

Blood, flow, feto-uteroplacental, Single bolus compared 
with a fractionated dose injection technique of bupivacaine 
for extradural Caesarean section: effect on uteroplacental 
and fetal haemodynamic state, KARINEN, J., et al. 140-144 

Blood, haemodilution, Time course of increased 
haemodilution in hypotension induced by extradural 
anaesthesia, DROBIN, D., et al. 223-226 

Blood, leucocytes, Disturbance of leucocyte circulation and 
adhesion to the endothelium as factors in circulatory 
pathology, ADAMS, D. H., et al. 17-31 

—, Effects of i.v. anaesthetics and lipid solutions on 
polymorphonuclear leucocyte chemotaxis in vitro, 
Lguweri, M., et al., (ARS) 695P 

Blood, neurophils, Flow cytometry evaluation of the in vitro 
influence of four i.v. anaesthetics on respiratory burst of 
neutrophils, HENE, J., et al. 387-392 

Blood, volume, Time course of increased haemodilution in 
hypotension induced by extradural anaesthesia, DROBIN, 
D., et al. 223-226 

Book Reviews 

A Practical Approach to Pain Management, LEFKOWTITZ, M., 
et al., (editors), (R) 702-703 

ABC of Brainstem Death, 2nd Edn, PAuuis, C., et al., (R) 
303 











Anaesthesia Review 12, KAUFMAN, L., et al., (editors), (R) 
564 


Book Reviews 


Bailliére’s Clinical Anaesthesiology : International Practice and 
Research, vol. 10, No. 1. The Lung in Anaesthesia and 
Intensive Care, PEARL, R. G., (R) 439 

Cardiac Arrest. The Science and Practice of Resuscitation 
Medicine, PARADIS, N. A., et al., (editors), (R) 703 

Chemical Warfare Agents. Toxicology and Treatment, MARRS, 
T. C., er al., (R) 439 4 

Clinical Anaesthesia, AYTKENHEAD, A. R., et ál., (editors), (R) 
702 

Clinical Anaesthesiology —International Practice and 
Research—Obstetric Anaesthesia, Bood, D. G., (editor), 
(R) 134 

Clinical Anesthesiology, MORGAN, G. E. JR, et al., (R) 
438—439 

Clinical Intensive Care, HILLMAN, K., et al., (R) 702 

Clinical Orthopedic Anesthesia, TETZLASS, J. E., (R) 438 

Clinical Risk Management, VINCENT, C., (editor), (R) 
564-565 

enmen Scenarios in Anaesthesia, CHAMBERS, W. A., et al., 
(R) 133 

Comprehensive Human Physiology from Cellular Mechanisms to 
Integrations, vols 1 and 2, GREGER, G., et al., (editors), (R) 
563-564 

Core Curriculum for Professional Education in Pain, 2nd Edn, 
Fretps, H. L., (editor), (R) 703 

Critical Care of Infants and Children, Tovrxs, I. D., et al., 
(editors), (R) 564 

Critical Care: Standards, Audit and Bthics, TINKER, J., et al., 
(editors), (R) 563 

Current Topics in Intensive Care, 3rd Edn, DELLINGER, R. P., 
et al., (editors), (R) 812-813 

Diagnostic Testing in Emergency Medicine, WOLFSON, A. B., 
et al., (editors), (R) 813-814 

Fibreaptic Guided Tracheal Intubation—A Practical Approach, 
Hwang, N. C., (R) 133 . 

Handbook of Clinical Anaesthesia, GOLDSTONE, J. C., et al., 
(editors), (R) 814 

Key Topics in Anaesthesia, CRAFT, T. M., et al., (R} 812 

Low Flow Anaesthesia, BAUM, J. A., et al., (R) 134-135 

Neuromuscular Transmission. Fundamentals of Anaesthesia and 
Acute Medicine Series, Boo, L. H. D. J., (editor), (R) 565 

Perioperative Management for House Surgeons, HAMBLY, 

P. R., et al., (R) 813 

Peripheral Nerve Blockade, PINNOCK, C. A., et al., (R) 702 

Recent Advances in Anaesthesia and Analgesia — 19, ADAMS, 
A. P., et al., (editors), (R) 303 

Regional Anesthesia: An Illustrated Procedural Guide, 2nd 
Edn. Mutroy, M. F., (editor), (R) 303 

Regional Anesthesisa and Analgesia, Brown, D. L., (editor), 
(R) 812 

The Anaesthesia Viva: vol. 1, URQUHART, J., et al., (R) 813 

The Cambridge Dictionary of Statistics in the Medical Sciences, 
Everitt, B. S., (R) 133-134 

The Massachusetts General Hospital Hand Book of Pain 
Management, BORSOOK, D., et al., (editors), (R) 134 

The Pocket Companion to the Textbook of Critical Care 
Medicine, SHORMAKER, W. C., et al., (R) 812 

Total Burn Care, HERNDON, D. N., (editor), (R) 135 

Brain, blood flow, CBF in adults using near infrared 
spectroscopy (NIRS): potential for bedside measurement? 
Hopton, P., et al., (C) 131 

——., CBF in adults using near infrared spectroscopy (NIRS): 
potential for bedside measurement? } ~REEcE, H., 

et al., (C) 131 

» Cerebral blood flow and metabolic rate for oxygen after 

acute brain injury, managed with induced arterial 
hypertension, Mascta, L., et al., (ARS) 285-286P 
— , Effect of carbon dioxide on cerebral autoregulation as 
assessed by the transient hyperaemic response test, CAVILL, 
G., et al., (ARS) 685-686P 
Brain, cerebral cortex, Effect of etomidate on the mass 
response of cells of cortical lamina V evoked by antidromic 
activation in the urethane-anaesthetized rat, ARNOTT, 
R. H., et al., (ARS) 282P 
—, Is glutamate release from rat cerebrocortical slices opioid 
receptor subtype selective? Nicox, B., et al., (ARS) 282P 
Brain, electroencephalography, Bispectra! index is a state- 
specific measure of cortical arousal, DRIVER, I. K., et al., 
(ARS) 694-695P 

‘——, Concentration-related effects of propofol on the auditory 
evoked response, TooLey, M. A., et al. 720-726 

—, Spectral edge frequency of the electroencephalogram to 

monitor ‘‘depth” of anaesthesia with isoflurane or 
propofol, SCHWENDER, D., et al. 179-184 

Brain, evoked potentials, Cardiopulmonary bypass-induced 
changes in plasma concentrations of propofol and in 
auditory evoked potentials, HAMMARIN, E., et al. 360-364 

—, Midlatency auditory evoked potentials as indicators of 





830 


perceptual processing during general anaesthesia, DE BEER, 
N. A. M., et al. 617-624 

Brain, GABA, Modulation of recombinant invertebrate 
GABA, receptors by isoflurane: effects of a point mutation 
in the M2 domain, Epwarps, M. D., ez al., (ARS) 281P 

Brain, hippocampus, Differential effects of ketamine and 
pentobarbitone on acetylcholine release from the rat 
hippocampus and striatum, SATO, K., et al. 381-384 

Brain, intracranial pressure, Effects of rocuronium and 
vecuronium on intracranial pressure, mean arterial pressure 
and heart rate in neurosurgical patients, SCHRAMM, W. M., 
et al. 607-611 

Brain, perfusion pressure, Cerebral blood flow and 
metabolic rate for oxygen after acute brain injury, managed 
with induced arterial hypertension, MASCIA, L., et al., 
(ARS) 285-286P 

Brain, striatum, Differential effects of ketamine and 
pentobarbitone on acetylcholine release from the rat 
hippocampus and striatum, SATO, K., et al. 381-384 

Burns, Effect of systemic N-methyl-p-aspartate receptor 
antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, ILKJAgR, S., et al., (e) 567 


Calcium channel block, Is the neuronal dihydropyridine 
binding site on L-type calcium channels a target for local 
anaesthetic agents? BROWNE, T., et al., (ARS) 290P 

Calcium channel block, diltiazem, Potentiation of local 
lignocaine-induced sensory block by calcium channel 
blockers in rats, IWASAKI, H., et al. 243-247 

~——,, Prevention of cardiovascular response to tracheal 
intubation, MALLICK, A., et al., (C) 296-297 

Calcium channel block, nicardipine, Potentiation of local 
lignocaine-induced sensory block by calcium channel 
blockers in rats, Iwasaki, H., et al. 243-247 

—, Prevention of cardiovascular response to tracheal 
intubation, MALLICK, A., et al., (C) 296-297 

Calcium channel block, verapamil, Potentiation of local 
lignocaine-induced sensory block by calcium channel 
blockers in rats, IWASAKI, H., et al. 243—247 

—, Prevention of cardiovascular response to tracheal 
intubation, MALLICK, À., et al., (C) 296-297 

Carbon dioxide, absorption, Sevoflurane degradation to 
compound A in anaesthesia breathing systems, 
CUNNINGHAM, D. D., et al. 537-543 

Carbon dioxide, embolism, Is Doppler monitoring 
mandatory in laparoscopic surgery? D'HOLLANDER, À. A., 
(C) 807 

—, Is Doppler monitoring mandatory in laparoscopic 
surgery? FERRANDO, A., et al., (C) 807 

Carbon dioxide, hypercapnia, Permissive hypercapnia and 
gas exchange in lungs with high Gs/Or: a mathematical 
model, Joyce, C. J., et al. 678-683 

Carbon dioxide, partial pressure, Fuzzy logic control of 
mechanical ventilation during anaesthesia, SCHAUBLIN, J., 
et al. 636-641 

Carbon dioxide, pneumoperitoneum, Tolerance of 
laparoscopy for resection of phaeochromocytoma, MANN, 
C., et al. 795-797 

Carbon dioxide, ventilatory response, Permissive | 
hypercapnia and gas exchange in lungs with high Qs/Or: a 
mathematical model, Joycs, C. J., et al. 678-683 

Cardiac Arrest. The Science and Practice of Resuscitation 
Medicine, PARADIS, N. A., et al., (editors), (R) 703 

Cardiovascular system, effects, Effects of rocuronium and 
vecuronium on intracranial pressure, mean arterial pressure 
and heart rate in neurosurgical patients, SCHRAMM, W. M., 
et al. 607-611 

——, Haemodynamic and metabolic response to endovascular 
repair of infra-renal aortic aneurysms, BAXENDALE, B. R., 
et al. 581-585 

——., Haemodynamic and neuroendocrine responses after 
pneumoperitoneum during cholecystectomy, LENTSCHENER, 
C., et al., (C) 810 

—, Lack of specific renal haemodynamic effects of different 
doses of dopamine after infrarenal aortic surgery, GIRBES, 
A. R. J., et al. 753-757 

——, Prevention of cardiovascular response to tracheal 
intubation, MALLICK, À., et al., (C) 296-297 

Cat, Effects of fentanyl, nitrous oxide, or both, on baroreceptor 
reflex regulation in the cat, LENNANDER, O., et al. 399-403 

Cells, apoptosis, Mechanisms of cell injury and death, COBB, 
J. P., et al. 3—10 

Cells, death, Mechanisms of cell injury and death, COBB, 

J. P., et al. 3-10 

Cells, metabolism, Sepsis and cytokines: current status, 

BLACKWELL, T. S., et al. 110-117 


831 


Cells, necrosis, Mechanisms of cell injury and death, Coss, 
J. P., et al. 3-10 

Cerebrospinal fluid, Acid—base state of cerebrospinal fluid 
during pregnancy and its effect on spread of spinal 
anaesthesia, HIRABAYASHI, Y. et al. 352-355 





identify the extradural space, EL-Bruesy, B. A. Z., et al. 
784-785 

Chemical Warfare Agents. Toxicology and Treatment, MARRS, 
T. C., et al., (R) 439 

Children, Effect of anaesthesia on lung function in children 
with asthma, May, H. A., et al. 200-202 

——, Intubating conditions and time course of rocuronium- 
induced neuromuscular block in children, FUCHS-BUDER, 
T., et al. 335-338 

~--~ Is it always necessary to antagonize residual 
neuromuscular block? Do children differ from adults? 
HUNTER, J. M., (E) 707-709 

——~, Preoxygenation in children using expired oxygraphy, 
BUTLER, P. J., et al. 333-334 

Clinical “Anassthesia, AITKENHEAD, A. R., et al., (editors), (R) 
702 

Clinical Anaesthesiology—International Practice and 
Research—Obstetric Anaesthesia, BoGop, D. G., (editor), 
(R) 134 

Clinical Anesthesiology, MORGAN, G. E. JR, et al., (R) 438-439 

Clinical Intensive Care, , K., et al., (R) 702 

Clinical Orthopedic Anesthesia, 'TETZLASS, J. E., (R) 438 

Clinical Risk Management, VINCENT, C., (editor), (R) 564-565 

Clinical Scenarios in Anaesthesia, CHAMBERS, W. A. et al., (R) 
133 

Complications, acute respiratory distress syndrome, 
New approaches to acute lung injury, BIGATELLO, L. M., 
et al. 99-109 

Complications, airway obstruction, The reinforced 
laryngeal mask airway for dento—alveolar surgery, QUINN, 
A. C., et al. 185-188 

Complications, ASA classification, ASA classification and 
perioperative variables as predictors of postoperative 
outcome, WOLTERS, U., er al. 217-222 

Complications, barotrauma, New approaches to acute lung 
injury, BIGATELLO, L. M., et al. 99-109 

Complications, bronchospasm, Comparative effects of 
thiopentone and propofol on respiratory resistance after 
tracheal intubation, Wu, R. S. C., et al. 735-738 

Complications, cardiac arrest, Cardiac arrest after 
Caesarean section under subarachnoid block, ScuLL, T. J., 
et al. 274-276 

Complications, cardiomyopathy, General anaesthesia for 
Caesarean section in a parturient with Noonan’s syndrome, 
McLure, H. A., et al. 665-668 

Complications, cerebral oedema, Fulminant and late onset 

tic failure, GIMSON, A. E. S. 90-98 
plications, cholesterol crystal embolization, Severe 

begets cholesterol embolization after open heart surgery, 
Piriou, V., et al. 277-280 

Complications, cocaine abuse, Unrecognized “crack” 
cocaine abuse in pregnancy, CAMPBELL, D., et al. 553-555 

Complications, compartment syndrome, Bilateral 
compartment syndrome complicating prolonged lithotomy 
position, TucKEY, J. 546-549 

Complications, disseminated intravascular coagulation, 
Hepatic ru Rees complicating eclampsia in pregnancy, 
KaRADIA, et al. 792-794 

Complications, eclampsia, Hepatic rupture complicating 
eclampsia in pregnancy, Karavi, S., et al. 792-794 

Complications, endotoxaemia, Endotoxaemia and 
postoperative hypermetabolism in coronary artery bypass 
surgery: the role of ketanserin, OUDEMANS-VAN STRAATEN, 
H. M., et al. 473-479 

Complications, epilepsy, Effect of propofol on the 
electrocorticogram in patients undergoing cortical 
resection, Cau, D. L. K., et al., (ARS) 688-689P 

Complications, eye injury, Use of rocuronium in a pregnant 
patient with an open eye injury, receiving magnesium 
medication, for preterm labour, GAISER, R. R., et al. 
669—671 

Complications, foreign body, An iatrogenic arterial foreign 
body, SHAH, U. S., et al. 430—431 

——, Locating an arterial foreign body by ultrasonography, 
Batt, D. R., et al., (C) BT. 

Complications, hepatic, H c rupture complicating 
eclampsia in pregnancy, IA, S., et al. 792-794 

Complications, hynonatraemia, Glycine absorption and 
hypocalcaemia, CHASSARD, D., et al., (C) 811 

lycine absorption and hypocalcaemia, HAHN, R. G., (C) 

810-811 

Complications, hypercapnia, Normovolaemic haemodilution 
attenuates cardiac depression induced by sodium 


Complications, pulmonary hypertension 


bicarbonate in canine metabolic acidosis, TANAKA, M., 
et al. 408-412 

Complications, hypertension, Prevention of cardiovascular 
response to tracheal intubation, MALLICK, A., et al., (C) 
296-297 

Complications, hypertrophic obstructive 
cardiomyopathy, Orthotopic liver transplantation in two 
patients with hypertrophic obstructive cardiomyopathy, 
Harwey, I. D., et al. 675-677 

Complications, hypocalcaemia, Calcium homeostasis during 
i.v. infusion of 1.5% glycine in anaesthetized pigs, 
CHASSARD, D., et al. 271-273 

—, Glycine absorption and hypocalcaemia, CHASSARD, D., 
et al., (C) 811 

—, ar absorption and hypocalcaemia, Haun, R. G., (C) 
8 

Complications, hyponatraemia, Calcium homeostasis 
during i.v. infusion of 1.5% glycine in anaesthetized pigs, 
CHASSARD, D., et al. 271-273 

Complications, hypotension, Decreased arterial oxygenation 

-during deliberate hypotension: a comparison of 
trimetaphan camsylate, sodium nitroprusside and glyceryl 
trinitrate, VAN OLDENBEER, C., et al., (ARS) 286P 


CRITCHLEY, L. A. H., et al., (C) 808-809 

—, Hypotension during subarachnoid anaesthesia, WATTERS, 
M., (C) 808 

Complications, infections, Determinants of intestinal barrier 
failure in critical illness, ARANOW, J. S., et al. 71-81 

—, The immuno-inflammatory cascade, GALLEY, H. F., et al. 

11-16 

Sepsis and cytokines: current status, BLACKWELL, T. S., 
et al. 110-117 

Complications, jaundice, Fulminant and late onset hepatic 
failure, GIMSON, A. E. S. 90—98 

Complications, liver disease, Fulminant and late onset 
hepatic failure, GIMSON, A. E. S. 90-98 

Complications, malignant hyperthermia, Contractures of 
malignant hyperthermia muscle: where do halothane and 
caffeine act? SMITE, P. D., et al., (ARS) 283-284P 

Complications, maxillofacial injuries, A modification of 
sub-mental intubation, GREEN, J. D., et al. 789-791 

Complications, menorrhagia, Complications of 
hysteroscopic treatments of menorrhagia, WILLIAMSON, 
K. M., et al., (E) 305-308 

Complications, morbidity, Aortic stent surgery, 
BARANOWSKI, A. P., et al., (C) 699 

—, Aortic stent surgery, WILDSMITH, J. A. W., et al., (C) 699 

Complications, moyamoya disease, Extradural anaesthesia 
for Caesarean section in a patient with moyamoya disease, 
Noan Km, W. D., et al. 550-552 

Complications, mucosal pressure, Optimal intracuff 
pressures with the laryngeal mask, BRIMACOMBE, J., et al., 
(C) 295-296 

, Optimal intracuff pressures with the laryngeal mask, 

Magryjot, R. M., et al., (C) 296 

Complications, multiple organ failure, Multiple organ 
failure: from basic science to prevention, BION, J., et al., 
(E) 1-2 

—, Splanchnic ischaemia/reperfusion and multiple organ 
failure, BEFL, W. L., et al. 59-70 














BION, J., et al., (C) 698-699 

—, The intensive care unit cost of surviving and dying, 
THOMPSON, H., et al., (C) 698 

Complications, myasthenia gravis, Isoflurane for sedation 
in a case of congenital myasthenia gravis, MCBETH, C., 
et al. 672-674 

Complications, Noonan’s syndrome, General anaesthesia 
for Caesarean section in a parturient with Noonan’s 
syndrome, McLourg, H. A., et al. 665-668 

Complications, phaeochromocytoma, Tolerance of 
laparoscopy for resection of phaeochromocytoma, MANN, 
C., et al. 795~797 

Complications, pneumoperitoneum, Gasless laparoscopic 
cholecystectomy: comparison of postoperative recovery 
with conventional technique, KOIVUSALO, A.-M., et al. 
576-580 

Complications, postoperative, ASA classification and 
perioperative variables as predictors of postoperative 
outcome, WOLTERS, U., et al. 217-222 

Complications, pre-eclampsia, Thrombelastography 
changes in pre-eclampsia and eclampsia, ORLIKOWSRI, 
C. E. P., et al. 157-161 

Complications, pulmonary hypertension, Combination of 
inhaled nitric oxide with i.v. nitroglycerin or with a 
prostacyclin analogue in the treatment of bs Sergi 
pulmonary hypertension, VAN OxsBERGH, L. J., et al. 
227-231 


Complications, regurgitation 


Complications, regurgitation, Laryngeal mask airway is 
associated with reflux in the lithotomy position, McCrory, 
C., et al., (ARS) 693P 

=y Use of mechanical simulator for training in applying 
cricoid pressure, ASHURST, N., et al. 468-472 

Complications, respiratory, Efect of an upper respiratory 
tract infection on upper airway reactivity, NANDWANI, N., 

et al., (ARS) 288P 

3 Postoperative pulmonary function after laparoscopic and 

open cholecystectomy, KARAYIANNARIS, À. J., et al. 
448—452 

eeg Respiratory mechanics after abdominal surgery measured 
with continuous analysis of pressure, flow and volume 
signals, NIMMO, A. F., et al. 317-326 

Complications, sepsis, Mechanisms of cell injury and death, 
Coss, J. P., et al. 3-10 

Complications, subarachnoid block, ae high 
spinal block in obstetrics, RICHARDSON, M. G., et al., (C) 
806-807 

Complications, subclavian occlusion, A complication of 
intra-arterial shunting during carotid endarterectomy, 
Dyer, M. W., et al., (C) 699 

Complications, trauma, The care of patients and transport 
by air, MORLEY, A. P., (C) 435 

~~, The care of patients and transport by air, SHIRLEY, P. J., 
(C) 435 

Comprehensive Human Physiology from Cellular Mechanisms to 
Integrations, vols 1 and 2, GREGER, G., et al., (editors), (R) 
563-564 

Computers, Fuzzy logic control of inspired volatile 
anaesthetic concentrations, CURATOLO, M., et al., (C) 808 

=, Fuzzy logic control of inspired volatile anaesthetic 
concentrations, WISSING, H., et al., (C) 807-808 

my Fuzzy logic control of mechanical ventilation during 
anaesthesia, SCHAUBLIN, J., et al. 636-641 

Computers, APACHE I, Preliminary study of prediction of 
ICU mortality by artificial neural network, BEATTY, 
P. C. W., et al., (ARS) 287-288P 

Computers, neural networks, Preliminary study of 
prediction of ICU mortality by artificial neural network, 
Beatty, P. C. W., et al., (ARS) 287-288P 

Core Curriculum for Professional Education in Pain, 2nd Edn, 
Frm_ps, H. L., (editor), (R) 703 

Cough, Assessment of vocal cord function using tussometry, 
CARANZA, R., et al., (ARS) 290P 

Critical Care of Infants and Children, Topres, I. D., et al., 
(editors), (R) 564 

Critical Care: Standards, Audit and Ethics, TINKER, J., et al., 
(editors), (R) 563 

Current Topics in Intensive Care, 3rd Edn, DELLINGER, R. P., 
et al., (editors), (R) 812-813 





Diagnostic Testing in Emergency Medicine, WOLFSON, A. B., 
et al., (editors), (R) 813-814 

Dog, Atrioventricular conduction during adenosine-induced 
hypotension in dogs anaesthetized with sevoflurane, ISHII, 
R., ef al. 393-398 

~, Beneficial effects of dexmedetomidine on ischaemic 
myocardium of anaesthetized dogs, RoEKAERTS, P. M. H. J., 
et al. 427-429 

———, Normovolaemic haemodilution attenuates cardiac 
depression induced by sodium bicarbonate in canine 
metabolic acidosis, TANAKA, M., et al. 408-412 

-——, Pancuronium increases pulmonary arterial pressure in 
lung injury, Du, H., et al. 526-529 

Drug delivery, computerized, Assessment of a model 
predicted infusion of ketamine used with propofol for total 
i.v. anaesthesia, SWINHOE, C. F., et al., (ARS) 286-287P 

~~, Computer-controlled infusion of propofol for long 
neurosurgical procedures, Lim, T. A., et al, (ARS) 
289-290P 

Drug delivery, transdermal, Perioperative pharmacokinetics 
of transdermal fentanyl in young and elderly patients, 
THOMPSON, J. P., et al., (ARS) 290-291P 


Embolism, air, Comparison of the effects of controlled 
ventilation with 100% oxygen, 50% oxygen in nitrogen, 
and 50% oxygen in nitrous oxide on responses to venous 
air embolism in pigs, KYTTÄ, J., et al. 658-661 

Embolism, carbon dioxide, Is Doppler monitoring 
mandatory in laparoscopic surgery? D’HOLLANDER, A. A., 
(C) 807 

~, Is Doppler monitoring mandatory in laparoscopic 
surgery? FERRANDO, ÀA., et al., (C) 807 

Enzymes, cholinesterase, Neuromuscular blocking action of 
suxamethonium after antagonism of vecuronium by 


832 


edrophonium, pyridostigmine or neostigmine, FLEMING, 
N. W., et al. 492-495 

Enzymes, cytochrome P450, Molecular mechanisms of drug 
metabolism in the critically ill, Parx, G. R. 32-49 

Enzymes, glutathione S-transferase, Effect of sevoflurane 
anaesthesia on plasma concentrations of glutathione S- 
transferase, Ray, D. C., et al. 404-407 

Enzymes, glutathione transferase, Hepatocellular integrity 
during and after isoflurane and halothane anaesthesia in 
surgical patients, TIAINEN, P., et al. 744-747 

Enzymes, hyaluronidase, Hyaluronidase and peribulbar 
block, DEMPSEY, G. A., et al., (ARS) 284P 

Equipment, blankets, Convective warming after CABG, 
Dgakwn, C. D., (C) 298-299 

— om warming after CABG, PONTE, J., et al., (C) 


Baiuipeirăt, breathing systems, Performance of vaporizers 
in circle systems [III], BROSNAN, S., et al., (ARS) 684P 

—, Sevoflurane degradation to compound Ai in anaesthesia 
breathing systems, CUNNINGHAM, D. D., et al. 537-543 

Equipment, catheters extradural, Influence of patient 
position on withdrawal forces during removal of lumbar 
extradural catheters, Morris, G. N., et al. 419-420 

—, Removal of extradural catheters, TRIKHA, A., (C) 295 

Equipment, exchange bougie, A fibreoptically guided 
exchange bougie, ATHERTON, D. P. L., et al., (ARS) 
288-289P 

Equipment, extradural space indicators, Inflammatory 
changes after extradural anaesthesia may affect the spread 
of local anaesthetic within the extradural space, IGARASHI, 
T., et al. 347-351 

Equipment, fibrescopes, Use of the fibrescope—video camera 
system for difficult trachael intubation, AOYAMA, K., et al. 
662-664 

Equipment, filters, An effective method of scavenging nitric 
oxide, SQUIRE, S., et al. 432-434 

Equipment, masks anaesthesia, Isoflurane waste gas 
exposure during general anaesthesia: the laryngeal mask 
compared with tracheal intubation, Hograur, K. H., et al. 
189-193 

—, Laryngeal mask airway is associated with reflux in the 
lithotomy position, McCrory, C., et al., (ARS) 693P 

—, Optimal intracuff pressures with the laryngeal mask, 
BRIMACOMBE, J., et al., (C) 295-296 

, Optimal intracuff pressures with the laryngeal mask, 

Magyjot, R. M., et al., (C) 296 


surgery, QUINN, A. C., er al. 185~188 
Equipment, monitors, The care of patients and transport by 


air, MORLEY, À. P., (C) 435 


3 
(C) 435 

Equipment, needles, Spinal anaesthesia for Caesarean 
section: effect of Sprotte needle orientation, Jamas, K. S., 
et al. 150-152 

Equipment, scavenging devices, Extraction of nitric oxide 
and nitrogen dioxide from an oxygen carrier using 
molecular sieve 5A, POULTON, B. B., et al. 534-536 

Equipment, tourniquets, Use of a pneumatic tourniquet 
induces changes in central temperature, ESTEBE, J.-P., et al. 
786-788 

Equipment, vaporizers, Performance of vaporizers in circle 
systems [III], BROSNAN, S., et al., (ARS) 684P 

Equipment, video cameras, Use of the fibrescope—video 
camera system for difficult trachael intubation, AOYAMA, 
K., et al. 662-664 

Equipment, warming devices, Convective warming after 
CABG, BAKIN, C. D., (C) 298-299 

» Convective warming after CABG, PONTE, J., et al., (C) 

299 

, Efficacy of intraoperative heat administration by ' 

ventilation with warm humidified gases and an oesophageal 

warming system, BECK, E., et al. 530-533 











SHIRLEY, P. J., 











cardiopulmonary bypass, JANKE, E. L., et al. 268-270 

Errata, Effect of systemic N-methyl-p-aspartate receptor 
antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, ILXJAER, S., et al., (e) 567 

—, Novel use of an electrical bioimpedance technique to 
detect opioid-induced changes in gastric emptying, 
Murrey, D. B., et al., (e) 437 

—, Sternomental distance as the sole predictor of difficult 
iaryngo goscopy in obstetric anaesthesia, RAMADHANI, 

S.A. L., et al., (e) 701 





spinal sensitization 
but also by supraspinal antinociception, WILDER-SMITH, 
O. H. G., et al., (e) 566-567 


833 


Fibreoptic Guided Tracheal Intubation—A Practical Approach, 
Hwana, N. C., (R) 133 

Fluids, i.v., Haemodilution induces a hypercoagulable state, 
ENTHOLZNER, E. K., et al., (C) 809 

—, Haemodilution induces a hypercoagulable state, MARDEL, 
S. N., et al., (C) 700-701 





RUTTMAN, T. G., et al., (C) 701 

—, Haemodilution induces a hypercoagulable state, 
RUTTMANN, T. G., et al., (C) 809 

—, Hypercoagulability induced by crystalloids, FARMERY, 
A. D., et al, (C) 132 

Hypercoagulability induced by crystalloids, RUTTMANN, 

op G., et al., (C) 132 
—, Hypotension during subarachnoid anaesthesig, 
CRITCHLEY, L. A. He et al., (C) 808-809 

—, Hypotension during subarachnoid anaesthesia, WATTERS, 
M., (C) 808 

—, Influence of different volume therapy regimens on 
regulators of the circulation in the critically ill, BOLDT, J., 
et al. 480-487 

—, Normal saline i.v. fluid load decreases uterine activity in 
active labour, CHEEK, T. G., et al. 632-635 

——, Time course of increased haemodilution in hypotension 
induced by extradural anaesthesia, DROBIN, D., et al. 
223-226 

Fluids, oral, An oral sodium citrate—citric acid non-particulate 
buffer in humans, HAUPTFLEISCH, J. J., et al. 642-644 

Fluids, therapy, Influence of different volume therapy 
regimens on regulators of the circulation in the critically 
ill, BOLDT, J., et al. 480-487 


Gases non-anaesthetic, carbon dioxide, Effect of carbon 
dioxide on cerebral autoregulation as assessed by the 
transient hyperaemic response test, Gyan, G., et al., 
(ARS) 685-686P 

Gases non-anaesthetic, helium, Effect of reduced density 
ges breathing on oxygenation in ventilated anaesthetized 
patients, DEVINE, A., et al., (ARS) 289P 

Gases non-anaesthetic, nitric oxide, An effective method of 
scavenging nitric oxide, SQUIRE, S., et al. 432-434 

——, Extraction of nitric oxide and nitrogen dioxide from an 
oxygen carrier using molecular sieve 5A, POULTON, B. B., 
et al. 534-536 

Gases non-anaesthetic, nitrogen dioxide, An effective 
method of scavenging nitric oxide, SQUIRE, S., et al. 
432-434 

—, Extraction of nitric oxide and nitrogen dioxide from an 
oxygen carrier using molecular sieve 5A, POULTON, B. B., 
et al. 534-536 

Gastrointestinal tract, antacids, An oral sodium 
citrate—-citric acid non-particulate buffer in humans, 
HAUPTFLEISCH, J. J., et al. 642-644 

Gastrointestinal tract, blood flow, Determinants of 
splanchnic blood flow, TAKALA, J. 50-58 

Gastrointestinal tract, emptying, Comparison of the effect 
of intrathecal and extradural fentanyl on gastric emptying 
in labour, Kerry, M. C., et al., (ARS) 686P 

Gastrointestinal tract, gastric emptying, Effects of alpha,- 
adrenoceptor agonists on gastric emptying and 
gastrointestinal transit in the rat, Asal, T., et al., (ARS) 
686P 

Gastrointestinal tract, intestine, Determinants of intestinal 
barrier failure in critical illness, ARANOW, J. S., et al. 71-81 

Gastrointestinal tract, lower oesophageal sphincter, 
Effect of halothane, isoflurane and desflurane on lower 
oesophageal sphincter tone, CHASSARD, D., et al. 781-783 

Gastrointestinal tract, mucosal perfusion, Determinants of 
intestinal barrier failure in critical illness, ARANOW, J. S., 

et al. 71-81 

, Effect of hypothermia on rectal mucosal perfusion in 

infants undergoing cardiopulmonary bypass, BOOKER, 

P. D., et al. 591-596 

—, Effects of dopamine on oxygen consumption and gastric 
mucosal blood flow during cardiopulmonary bypass in 
humans, Karzai, W., et al. 603-606 

—, Gut mucosal perfusion in neonates undergoing 
cardiopulmonary bypass, BOOKER, P. D., et al. 597-602 

Gastrointestinal tract, pH, An oral sodium citrate—citric acid 
non-particulate buffer in humans, HAUPTFLEISCH, J. J., 

et al. 642-644 

, Perioperative mucosal pH, in orthotropic liver 

transplantation, CAMPRUBI, I., et al., (C) 560-561 

, Perioperative mucosal pH, in orthotropic liver 
transplantation, WELTE, M., (C) 561 

Genetic factors, proto-oncogenes, Adequate general 











Histamine, antihistamines 


anaesthesia—what are we trying to achieve? MUNGLANI, 
R., et al., (C) 300-301 





achieve? O’Connor, T. C., et al., (C) 299-300 

—, Effects of local anesthetics on carrageenan-evoked 
inflammatory nociceptive processing in the rat, BURITOVA, 
J., et al. 645-652 

Guineapig, Comparative actions of propofol and thiopentone 
on cell membranes of isolated guineapig ventri 
myocytes, SAKAI, F., et al. 508-516 


Hamster, Myocardial effects of eltanolone in hamsters with 
h phic cardiomyopathy, RUEL, P., et al. 653-657 

Handbook of Clinical Anaesthesia, GOLDSTONE, J. C., et al., 
(editors), (R) 814 

Heart, blood flow, myocardial, Beneficial effects of 
dexmedetomidine on ischaemic myocardium of 
anaesthetized dogs, ROEKAERTS, P. M. H. J., et al. 427-429 

Heart, cardiomyopathy, Myocardial effects of eltanolone in 
hamsters with hypertrophic cardiomyopathy, RUEL, P., 
et al. 653—657 

Heart, cardiopulmonary bypass, Cardiopulmonary bypass- 
induced changes in plasma concentrations of propofol and 
in auditory evoked potentials, HAMMAREN, E., et al. 
360-364 

—, Cytokine balance and immunosuppressive changes at 
cardiac surgery, MCBRIDE, W, T., et al., (C) 129-130 

—, Cytokine balance and immunosuppressive changes at 
cardiac surgery, SHEERAN, P., et al., (C) 129 

~———, Effect of hypothermia on rectal mucosal perfusion in 
infants undergoing cardiopulmonary bypass, BOOKER, 
P. D., et al. 591-596 

——y Effects of dopamine on oxygen consumption and gastric 
mucosal blood flow during cardiopulmonary bypass in 
humans, KARZAI, W., et al. 603-606 

~——, Evaluation of two warming systems after 
cardiopulmonary bypass, JANKE, E. L., et al. aN 
——, Gut mucosal perfusion in neonates undergo 
cardiopulmonary bypass, Booker, P. D., et PIS 597-602 

—, 8-100 concentrations during hypothermic and 
normothermic cardiopulmonary bypass, HARRIS, D., et al., 
(ARS) 695-696P 

Heart, conduction, Atrioventricular conduction during 
adenosine-induced hypotension in dogs anaesthetized with 
sevoflurane, ISHII, R., et al. 393-398 

Heart, coronary artery bypass, Determinants of duration of 
ICU stay after coronary artery bypass graft surgery, 
MIcHALOPOULOS, A., et al. 208-212 

——, Severe systemic cholesterol embolization after open heart 
surgery, PIRIOU, V., et al. 277-280 

Heart, heart rate, Effects of rocuronium and vecuronium on 
intracranial pressure, mean arterial pressure and heart rate 
in neurosurgical patients, SCHRAMM, W. M., et al. 607-611 

Heart, inotropism, Myocardial effects of eltanolone in 
hamsters with hypertrophic cardiomyopathy, RUEL, P., 
et al. 653-657 

Heart, ischaemia, Beneficial effects of dexmedetomidine on 
ischaemic myocardium of anaesthetized dogs, RORKAERTS, 
P. M. H. J., et al. 427-429 

——, Splanchnic ischaemia/reperfusion and multiple organ 
failure, BIFFL, W. L., et al. 59-70 

Heart, isolated preparation, Comparative actions of 
propofol and thiopentone on cell membranes of isolated 
guineapig ventricular myocytes, SAKAI, F., et al. 508-516 

———, Myocardial extraction of bupivacaine in anaesthetized 
sheep and by hearts of sheep and rats im vitro, Fors, H., 
et al. 257-264 

Heart, myocardial function, Beneficial effects of 
dexmedetomidine on ischaemic myocardium of 
anaesthetized dogs, ROEKAERTS, P. M. H. J., et al. 427-429 

-———, Myocardial effects of eltanolone in hamsters with 
hypertrophic cardiomyopathy, RUEL, P., et al. 653-657 

——, On-line estimation of left ventricular stroke volume using 
transoesophageal Soe hy and acoustic 
quantification, GREIM, C.-A., et al. 365-369 

Heart, myocytes, Comparative actions of propofol and 
thiopentone on cell membranes of isolated guineapig 
ventricular myocytes, SAKAI, F., et al. 508-516 

Heart, ventricles, On-line estimation of left ventricular stroke 
volume using transoesophageal echocardiography and 
acoustic quantification, GREIM, C.-A., et al. 365-369 

Histamine, Effects of oral antihistamine premedication on 
mivacurium-induced histamine release and side effects, 
DOENICKE, À., et al. 421-423 

Histamine, antihistamines, Effects of oral antihistamine 
premedication on mivacurium-induced histamine release 
and side effects, DoENICKE, A., et al. 421-423 


History, anaesthesia 


History, anaesthesia, Ether anaesthesia comes to London. 
December 1846, SPENCE, A. A., (E) 705-706 | 

Hormones, aldosterone, Haemodynamic and neuroendocrine 
responses after pneumoperitoneum during 
cholecystectomy, LENTSCHENER, C., et al., (C) 810 

Hormones, progesterone, CSF progesterone and spread of 

subarachnoid anaesthesia in pregnancy, CHAN, M. T. V., 

at al., (C) 293 

, CSF progesterone and spread of subarachnoid anaesthesia 

in pregnancy, HIRABAYASHI, Y., (C) 293-294 

Hormones, prostaglandins, Combination of inhaled nitric 
oxide with i.v. nitroglycerin or with a prostacyclin 
analogue in the treatment of experimental pulmonary 
hypertension, VAN OBBERGH, L. J., et al. 227-231 

~-~—, Role of prostaglandins and nitric oxide on halothane- 
induced arteriolar dilatation in rat diaphragm, DE 
Larminat, V., et al. 232-237 

Hormones, renin, Haemodynamic and neuroendocrine 
responses after pneumoperitoneum during 
cholecystectomy, LENTSCHENER, C., et al., (C) 810 

Horse, Comparison of the effects of halothane and isoflurane 
on the electroencephalogram of the horse, JOHNSON, C. B., 
et al., (ARS) 689P 

———, Measurement of cardiac output by transoesophageal 
Doppler echocardiography in anaesthetized horses: 
comparison with thermodilution, YOUNG, L. E., et al. 
773-780 

Hypnotics barbiturate, pentobarbitone, Differential effects 
of ketamine and pentobarbitone on acetylcholine release 
from the rat hippocampus and striatum, SATO, K., et al. 
381-384 

——, Thiobarbirurates suppress depolarization-induced 
contraction of vascular smooth muscle without suppression 
of calcium influx, KITAMURA, R., et al. 503-507 

Hypnotics barbiturate, secobarbitone, Thiobarbiturates 
suppress depolarization-induced contraction of vascular 
smooth muscle without suppression of calcium influx, 
KITAMURA, R., et al. 503-507 

Hypnotics benzodiazepine, midazolam, Antinociception by 
intrathecal midazolam involves endogenous 
neurotransmitters acting at spinal cord delta opioid 
receptors, GOODCHILD, C. S., et al. 758-763 

~——, Flow cytometry evaluation of the in vitro influence of four 
i.v. anaesthetics on respiratory burst of neutrophils, HEINE, 
J., et al. 387-392 

——, Patient-controlled sedation for cataract surgery using 
peribulbar block, Pac-Soo, C. K., et al. 370-374 

——,, Synergistic interactions between midazolam and alfentanil 
in isolated neonatal rat spinal cord, FENG, J., et al. 375-380 

Hypnotics benzodiazepine, Ro15-4513, Visual evoked 
potentials and nitrous oxide-induced neuronal depression: 
role for benzodiazepine receptors, Dzotyic, M., et al. 
522-525 

Hypothermia, Effect of hypothermia on rectal mucosal 
perfusion in infants undergoing cardiopulmonary bypass, 
BOOKER, P. D., et al. 591-596 

Hypoxaemia, Influence of motivation of care providers on the 
incidence of postoperative hypoxaemia in the recovery 
room, RHEINECK-Lgyssius, A. T., et al. 453-457 

» Sleep after laparoscopic cholecystectomy, ROSENBERG- 

ADAMSEN, S., et al. 572-575 








Immune response, Ketamine inhibits nitric oxide production 
in mouse-activated macrophage-like cells, SHIMAOKA, M., 
et al. 238-242 

Ta ir immuno-inflammatory cascade, GALLEY, H. F., et al. 

Immune response, suppression, Cytokine balance and 
immunosuppressive changes at cardiac surgery, MCBRIDE, 
W. T., et al., (C) 129-130 
—, Cytokine balance and immunosuppressive changes at 
cardiac surgery, SHEERAN, P., et ae (C) 129 

~——, Nutrition and immunonutrition, ey Leary, M. J., et al. 
118-127 

Infants, Effect of hypothermia on rectal mucosal perfusion in 
infants undergoing cardiopulmonary bypass, BOOKER, 
P. D., et al. 591-596 

——, Perioperative changes in a,-acid glycoprotein 
concentrations, TUCKER, G. T., (C) 130 

Infection, nosocomial, Nutrition “and immunonutrition, 
O'Leary, M. J., et al. 118-127 

Infection, systemic inflammatory response syndrome, 
Sepsis and cytokines: current status, BLACKWELL, T. S., 
et al. 110-117 

Intensive care, Determinants of duration of ICU stay after 
coronary artery bypass graft surgery, MICHALOPOULOS, A., 
et al. 208-212 


834 


—, Hepatic rupture complicating eclampsia in pregnancy, 
KARADIA, S., et al. 792-794 

—, Influence of different volume therapy regimens on 

regulators of the circulation in the critically ill, BOLDT, J., 

et al. 480—487 

, Multiple organ failure: from basic science to prevention, 

BION, J., et al., (E) 1-2 

—, Transoesophageal echocardiography in anaesthesia and 
intensive care, GEORGE, S. J., (C) 700 

—, Transoesophageal echocardiography in anaesthesia and 
intensive care, TOWNEND, J. N., et al., (E) 137-139 

Intensive care, sedation, Local anaesthesia to the airway 
reduces sedation requirements in patients undergoing 
artificial ventilation, MALLICK, A., et al. 731-734 

Interactions (drug), Interactions between suxamethonium 
and mivacurium or atracurium, Kim, K. S., et al. 612-616 

Intubation tracheal, Comparative effects of thiopentone and 
propofol on respiratory resistance after tracheal intubation, 
Wu, R. S. C., et al, 735-738 

——., Difficult tracheal intubation, BROOMHEAD, C. J., et al., 
(C) 436 





Jonas, M., et al., (C) 














JENKINS, 
J. G., (C) 698 
i HAWTHORNE, L., et al., (C) 
559 
> HAWTHORNE, L., et al., (C) 
559-560 


——, Failed tracheal intubation, HAWTHORNE, L., et al., (C) 
560 

—, Failed tracheal intubation, KESSELL, G., (C) 560 

—, Failed tracheal intubation, McBrikn, M. E., (C) 559 

—, Failed tracheal intubation, NORMAN, B., (C) 559 


—, Influence of induction technique on intubating conditions “~~ 


after rocuronium in adults: comparison with rapid- 
sequence induction using thiopentone and suxamethonium, 
SPARR, H. J., et al. 339-342 

—, Isoflurane waste gas exposure during general anaesthesia: 
the laryngeal mask compared with tracheal intubation, 
Hosgravr, K. H., et al. 189-193 

—, Use of the fibrescope—video camera system for difficult 
trachael intubation, AOYAMA, K., et al. 662-664 

Intubation tracheal, difficult, Sternomental distance as the 
sole predictor of difficult laryngoscopy in obstetric 
anaesthesia, RAMADHANI, S. A. L., et al. 312-316 

—, Sternomental distance as the sole predictor of difficult 
laryngoscopy in obstetric anaesthesia, RAMADHANI, 
S.A. L., et al., (e) 701 





trachael intubation, AOYAMA, K., et al. 662-664 

——, What future is there for predicting difficult intubation? 
CHARTERS, P., (E) 309-311 

Intubation tracheal, responses, Prevention of cardiovascular 
response to tracheal intubation, MALLICK, A., et al., (C) 
296-297 

Intubation tracheal, technique, A fibreoptically guided 
exchange bougie, ATHERTON, D. P. L., et al., (ARS) 

288-289P 

, A modification of sub-mental intubation, GREEN, J. D., 

et al. 789—791 

» Use of the fibrescope—video camera system for difficult 

trachael intubation, AOYAMA, K., et al. 662-664 

Intubation tracheal, training, Use of mechanical simulator 
for training in applying cricoid pressure, AsHURST, N., 
et al. 468-472 

Ions, calcium, Calcium homeostasis during i.v. infusion of 
Ia % glycine in anaesthetized pigs, CHASSARD, D., et al. 

——, Comparative actions of propofol and thiopentone on cell 
membranes of isolated guineapig ventricular myocytes, 
SAKAI, F., et al. 508-516 

——, Comparative effects of halothane, isoflurane and 

pentobarbitone on calcium currents in identified molluscan 

neurones, MORRIS, T. J., et al., (ARS) 696P 

» Glycine absorption and hypocalcaemia, CHASSARD, D., 

et al., (C) 811 

» Glycine absorption and hypocalcaemia, HAHN, R. G., (C) 

810-811 

—, I.v. anaesthetic agents do not interact with the verapamil 
binding site on L-type voltage-sensitive Ca** channels, 
ies K. et al. 385-386 © 

















L-type voltage-sensitive Ca?+ channels in rat 
cerebrocortical membranes, HIROTA, K., et al. 248-253 
——., Thiobarbiturates suppress depolarization-induced 
contraction of vascular smooth muscle without suppression 
of calcium influx, KITAMURA, R., et al. 503-507 


835 


Ions, ion channels, Comparative actions of propofol and 
thiopentone on cell membranes of isolated guineapig 
ventricular myocytes, SAKAI, F., et al. 508-516 

——, Comparative effects of halothane, isoflurane and 
pentobarbitone on calcium currents in identified molluscan 
neurones, Morris, T. J., et al., (ARS) 696P 

——, Iv. anaesthetic agents inhibit dihydropyridine binding to 
L-type voltage-sensitive Ca®* channels in rat 
cerebrocortical membranes, HIROTA, K., er al. 248-253 

Ions, ion channels, kinetics, I.v. anaesthetic agents do not 
interact with the verapamil binding site on L-type voltage- 
sensitive Ca** channels, HIROTA, K., et al. 385-386 

Ions, magnesium, Use of rocuronium in a pregnant patient 
with an open eye injury, receiving magnesium medication, 
for preterm labour, GAISER, R. R., et al. 669—671 

Ions, potassium, Comparative actions of propofol and 
thiopentone on cell membranes of isolated guineapig 
ventricular myocytes, SAKAI, F., et al. 508-516 


Key Topics in Anaesthesia, CRAFT, T. M., et al., (R) 812 

Kidney, blood flow, Lack of specific renal haemodynamic 
effects of different doses of dopamine after infrarenal aortic 
surgery, GIRBBS, A. R. J., et al. 753-757 

Se of acute renal failure, Lots, C. J., et al. 

9 

Kidney, failure, Mechanisms of acute renal failure, LOTE, 
C. J., et al. 82-89 

Kidney, function, Lack of specific renal haemodynamic effects 
of different doses of dopamine after infrarenal aortic 
surgery, GIRBES, A. R. J., et al. 753-757 

Kidney, metabolism, Mechanisms of acute renal failure, 
Lots, C. J., et al. 82-89 


Larynx, cricoid preasure, Use of mechanical simulator for 
training in applying cricoid pressure, ASHURST, N., st al. 
468-472 


oscopy, Sternomental distance as the sole 
ctor of difficult laryngoscopy in obstetric anaesthesia, 
HANI, S. A. L., et al. 312-316 
—, Sternomental distance as the sole predictor of difficult 
laryngoscopy in obstetric anaesthesia, RAMADHANT, 
S. A. L., et al., (e) 701 
Liver, function, Fulminant and late onset hepatic failure, 
GIMSON, A. E. S. 90-98 
—, Hepatocellular integrity during and after isoflurane and 
halothane anaesthesia in surgical patients, TIAINEN, P., 
et al. 744-747 
Liver, hepatotoxicity, Hepatocellular integrity during and 
after isoflurane and halothane anaesthesia in surgical 
patients, TIAINEN, P., et al. 744-747 
Liver, metabolism, A model of the first pass passage of drugs 
from i.v. injection site to the heart—parameter estimates 
for lignocaine in the sheep, UPTON, R N. 764-772 
——, Myocardial extraction of bupivacaine in anaesthetized 
sheep and by hearts of sheep and rats in vitro, FOTA, H., 
et al. 257-264 
Liver, transplantation, Hepatic rupture complicating 
eclampsia in pregnancy, IA, S., et al. 792—794 
—, Orthotopic liver transplantation in two patients with 
hypertrophic obstructive cardiomyopathy, HARLEY, I. D., 
et al. 675-677 
„ Perioperative mucosal pH, in orthotropic liver 
transplantation, CAMPRUBI, I., et al., (C) 560-561 
—, Perioperative mucosal pH, in orthotropic liver 
transplantation, Waite, M., (C) 561 
—, Pharmacokinetics of atracurium after paediatric 
orthotopic liver transplantation, CHow, B. F. M., et al., 
(ARS) 687-688P 
Low Flow Anaesthesia, BAUM, J. A., et al., (R) 134-135 
Lung, Myocardial extraction of bupivacaine in anaesthetized 
sheep and by hearts of sheep and rats tm vitro, FOTH, H., 
et al. 257-264 
Lung, atelectasis, Postoperative pulmonary function after 
laparoscopic and open cholecystectomy, KARAYIANNARKIS, 
A. J., et al. 448-452 
—, Volumetric analysis of aeration in the lungs during 
general anaesthesia, DRUMMOND, G. B., (C) 697-698 
—, Volumetric analysis of aeration in the lungs during 
general anaesthesia, REBER, A., et al., (C) 698 
Lung, blood flow, Inhalation of a nitric oxide synthase 
inhibitor to a hypoxic or collapsed lung lobe in 
anaesthetized pigs: effects on pulmonary blood flow 
distribution, FREDÉN, F., et al, 413-418 
Lung, cilia, Effect of theophylline and forskolin on human 
respiratory cilia beat frequency in vitro, ALEXANDER- 
WELIAMS, M., et al., (ARS) 685P 





Measurement techniques, thrombelastography 


Lung, damage, New approaches to acute lung injury, 
BIGATELLO, L. M., et al. 99—109 





lung injury, Du, H., et al. 526-529 
Lung, function, Effect of anaesthesia on lung function in 
children with asthma, May, H. A. et al. 200-202 





open cholecystectomy, KARAYIANNARIS, A. J., et al. 
448-452 





asthma: effects on respiratory mechanics, HABRE, W., et al. 
739-743 

Lung, gas exchange, Decreased arterial oxygenation during 
deliberate hypotension: a comparison of trimetaphan 

late, sodium nitroprusside and glyceryl trinitrate, 

VAN OLDENBEEK, C., et al., (ARS) 286P 

Lung, intravascular pressures, Pancuronium increases 
pulmonary arterial pressure in lung injury, Du, H., et al. 
526-529 

Lung, mechanics, Propofol or halothane anaesthesia for 
children with asthma: effects on respiratory mechanics, 
Hasrg, W., et al. 739-743 

Lung, shunting, Permissive hypercapnia and gas exchange in 
lungs with high Qs/Qt: a mathematical model, JOYCE, 
C. J., et al. 678-683 


Measurement techniques, acoustic quantification, On-line 
estimation of left ventricular stroke volume using 
transoesophageal echocardiography and acoustic 
quantification, GREIM, C.-A., et al. 365-369 

Measurement techniques, cardiac output, Measurement of 
cardiac output by transoesophageal Doppler 
echocardiography in anaesthetized horses: comparison with 
thermodilution, YOUNG, L. E., et al. 773-780 

Measurement techniques, electromyography, Intubating 
conditions and time course of rocuronium-induced 
neuromuscular block in children, FucHs-Buper, T., et al. 
335-338 

Measurement techniques, flow cytometry, Flow cytometry 
evaluation of the in vitro influence of four i.v. anaesthetics 
on respiratory burst of neutrophils, HEINE, J., et al. 
387-392 

Measurement techniques, flowmetry, Effect of 
hypothermia on rectal mucosal perfusion in infants 
undergoing cardiopulmonary bypass, BOOKER, P. D., et al. 
591-596 

——, Gut mucosal perfusion in neonates undergoing 
cardiopulmonary bypass, BOOKER, P. D., et al. 597-602 

Measurement techniques, gas exchange, Measurement of 
desflurane partial pressure in blood, SMITH, M. A., et al., 
(ARS) 292P 

Measurement techniques, impedance cardiography, 
Standardization of non-invasive impedance cardiography 
for assessment of stroke volume: comparison with 
thermodilution, WoLTJER, H, H., et al. 748-752 

Measurement techniques, magnetic resonance imaging, 
Soft tissue anatomy within the vertebral canal in pregnant 
women, HIRABAYASHI, Y., et al. 153-156 

Measurement techniques, near infrared spectroscopy, 
CBF in adults using near infrared spectroscopy (NIRS): 
potential for bedside measurement? Horton, P., et al., (C) 
131 

——, CBF in adults using near infrared spectroscopy (NIRS): 
potential for bedside measurement? OWEN-REECE, H., 
et al., (C) 131 

Measurement techniques, neuromuscular block, Is 
recovery of neuromuscular transmission complete after the 
use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium? 
Baurain, M. J., et al. 496-499 

Measurement techniques, thermodilution, Measurement 
of cardiac output by transoesophageal Doppler 
echocardiography in anaesthetized horses: comparison with 
thermodilution, YOUNG, L. E., et al. 773-780 





for assessment of stroke volume: com on with 
thermodilution, WoLTyER, H. H., et al. 748-752 

Measurement techniques, thoracic impedance, Thoracic 
impedance used for measuring chest wall movement in 
postoperative patients, DRUMMOND, G. B., et al. 327-332 

Measurement techniques, thrombelastography, 
Haemodilution induces a hypercoagulable state, 
ENTHOLZNER, E. K., et al., (C) 809 

—, Haemodilution induces a hypercoagulable state, MARDEL, 
S. N., et al., (C) 700~701 

——, Haemodilution induces a hypercoagulable state, 
RUTTMAN, T. G., et al., (C) 701 


Measurement techniques, thrombelastography 


~——, Haemodilution induces a hypercoagulable state, 
RUTTMANN, T. G., et al., (C) 809 

-——-, Heparinase-guided thrombelastography in an 
anticoagulated parturient, ABRAMSON, D. C., et al. 556-558 

—, Hype coagulability induced by crystalloids, FARMERY, 
A. D., et al., (C) 132 

~——, Hypercoagulability induced by crystalloids, RUTTMANN, 
T. G., et al., (C) 132 

——, Thrombelastography changes in pre-eclampsia and 
eclampsia, ORLIKOWSKI, C. E. P., et al. 157—161 

Measurement techniques, tomography, Volumetric 
analysis of aeration in the lungs during general anaesthesia, 
DRUMMOND, G. B., (C) 697—698 

~, Volumetric analysis of aeration in the lungs during 
general anaesthesia, REBER, A., et al., (C) 698 

Measurement techniques, tonometry, Gut mucosal 
perfusion in neonates undergoing cardiopulmonary bypass, 
Booxsr, P. D., et al, 597-602 

Measurement techniques, transoesophageal 
echocardiography, Measurement of cardiac output by 
transoesophageal Doppler echocardiography in 
anaesthetized horses: comparison with thermodilution, 
YOUNG, L. E., et al. 773-780 

--—, Transoesophageal echocardiography in anaesthesia and 
intensive care, TOWNEND, J. N., et al., (E) 137-139 

Measurement techniques, tussometry, Assessment of vocal 
cord function using tussometry, CARANZA, R., et al., (ARS) 
290P 

Memory, Quantitative EEG in assessment of anaesthetic 
depth: comparative study of methodology, THOMSEN, 
C. E., et al. 172-178 

——, § edge frequency of the electroencephalogram to 
monitor “‘depth” of anaesthesia with isoflurane or 
propofol, SCHWENDER, D., et al. 179-184 

Metabolism, drug, Molecular mechanisms of drug 
metabolism in the critically ill, PARK, G. R. 32-49 

Metabolism, lactate, Haemodynamic and metabolic response 
to endovascular repair of infra-renal aortic aneurysms, 
BAXENDALE, B. R., et al. 581-585 

Metabolism, lipid, Effects of i.v. anaesthetics and lipid 
solutions on polymorphonuclear leucocyte chemotaxis in 
vitro, LEUWERI, M., et al., (ARS) 695P 

Metabolism, oxygen consumption, Endotoxaemia and 
postoperative hypermetabolism in coronary artery bypass 
surgery: the role of ketanserin, OUDEMANS-VAN STRAATEN, 
H. M., et al. 473-479 

Model, cat, Effects of fentanyl, nitrous oxide, or both, on 
baroreceptor reflex regulation in the cat, Lennanper, O., 
et al. 399-403 

Model, cell culture, Interaction of vecuronium with 
recombinant human m2 muscarinic receptors, CEMBALA, 
T. M., et al., (ARS) 291-292P 

Model, computer simulation, Fuzzy logic control of 
inspired volatile anaesthetic concentrations, CURATOLO, M., 

et al., (C) 808 

„ Fuzzy logic control of inspired volatile anaesthetic 

concentrations, WISSING, H., et al., (C) 807-808 

———, Fuzzy logic control of mechanical ventilation during 
anaesthesia, SCHÄUBLIN, J., et al. 636-641 

Model, lung, Effect of theophylline and forskolin on human 
respiratory cilia beat frequency in vitro, ALEXANDER- 
WILIAMS, M., et al., (ARS) 685P 

Model, mathematical, Dose-response curve for anaesthetics 
based on the Monod-Wyman—Changeux model, Iwar, T., 
et al. 517-521 

~~~, Permissiye hypercapnia and gas exchange in lungs with 
high Qs/Qr: a mathematical model, JoYceg, C. J., et al. 


——, Standardization of non-invasive impedance cardiography 
for assessment of stroke volume: comparison with 
thermodilution, WOLTJER, H. H., et al. 748-752 

Model, mollusc, Comparative effects of halothane, isoflurane 
and pentobarbitone on calcium currents in identified 
molluscan neurones, Morris, T. J., et al., (ARS) 696P 

Model, mouse, Ketamine inhibits nitric oxide production in 
mouse-activated macrophage-like cells, SHIMAOKA, M., 
et al. 238-242 

Model, rat, I.v. anaesthetic agents do not interact with the 
verapamil binding site on L-type voltage-sensitive Ca?* 
channels, HIROTA, K., et al. 385-386 

-—, Iv. anaesthetic agents inhibit dihydropyridine binding to 
L-type voltage~sensitive Ca®* channels in rat 
cerebrocortical membranes, HIROTA, K., et al. 248-253 

~——, Myocardial extraction of bupivacaine in anaesthetized 
sheep and by hearts of sheep and rats in vitro, Fors, H., 
et al. 257-264 

Model, simulation, Use of mechanical simulator for training 
in applying cricoid pressure, ASHURST, N., et al. 468-472 





836 


Model, ventilatory mechanics, Fuzzy logic control of 
mechanical ventilation during anaesthesia, SCHAUBLIN, J., 
et al. 636-641 

Monitoring, arterial pressure, An iatrogenic arterial foreign 
body, SHAH, U. S., et al. 430-431 

, Locating an arterial foreign body by ultrasonography, 
Baxi, D. R., et al., (C) 811 

Monitoring, echocardiography, On-line estimation of left 
ventricular stroke volume using transoesophageal 
echocardiography and acoustic quantification, GREIM, C.- 
A., et al. 365-369 

——, Orthotopic liver transplantation in two patients with 
hypertrophic obstructive cardiomyopathy, Har ey, I. D., 

et al. 675-677 

, Lransoesop echocardiography in anaesthesia and 

intensive care, GEORGE, S. J., (C) 700 

Monitoring, electrocardiography, Atrioventricular 
conduction during adenosine-induced hypotension in dogs 
anaesthetized with sevoflurane, Isun, R., et al. 393-398 

Monitoring, electroencephalography, Comparison of the 
effects of halothane and isoflurane on the 
_electroencephalogram of the horse, JOHNSON, C. B., et al., 
(ARS) 689P 

—, Concentration-related effects of propofol on the auditory 
evoked response, TOOLEY, M. A., et al. 720-726 

—, Quantitative EEG in assessment of anaesthetic depth: 
comparative study of methodology, THOMSEN, C. E., et al. 
172-178 

—, Spectral edge frequency of the electroencephalogram to 
monitor “depth” of anaesthesia with isoflurane or 
propofol, SCHWENDER, D., et al. 179-184 

—, Topographic distribution of the bispectral index, HALL, 
J. D., et al., (ARS) 689-690P 

Monitoring, evoked potentials, Concenrration-related effects 
of propofol on the auditory evoked response, TOOLEY, 
M. A., et al. 720-726 

—, Midlatency auditory evoked potentials as indicators of 
perceptual processing during general anaesthesia, DE BEER, 
N. A. M., et al. 617-624 

—, Visual evoked potentials and nitrous oxide-induced 
neuronal depression: role for benzodiazepine receptors, 
Dzoryic, M., et al. 522-525 

Monitoring, neuromuscular function, Edrophonium and 
human plasma cholinesterase combination for antagonism 
of mivacurium-induced neuromuscular block, NAGUIB, M., 
et al. 424-426 

Monitoring, oxygen, Influence of motivation of care providers 
on the incidence of postoperative hypoxaemia in the 
recovery room, RHEINECK-Leyssius, A. T., et al. 453-457 

, Preoxygenation in children using expired oxygraphy, 
BUTLER, P. J., et al. 333-334 

Monitoring, pH oesophageal, Perioperative mucosal pH, in 
orthotropic liver transplantation, CAMPRuBI, I., et al., (C) 
560-561 

—, Perioperative mucosal pH, in orthotropic liver 
transplantation, WELTE, M., (C) 561 

Monitoring, spirometry, Effect of anaesthesia on bh 
function in children with asthma, May, H. A., et al. 
200-202 

Monitoring, stroke volume, Standardization of non-invasive 
impedance cardiography for assessment of stroke volume: 
comparison with thermodilution, Wortyer, H. H., et al. 
748-752 

Monitoring, temperature, Convective warming after CABG, 
Degakin, C. D., (C) 298-299 

> Convective warming after CABG, PONTE, J., et al., (C) 

—, Evaluation of two warming systems after 
cardiopulmonary bypass, JANKE, E. L., et al. 268-270 

Mouse, Ketamine inhibits nitric oxide production in mouse- 
activated macrophage-like cells, SHIMAOXA, M., et al. 
238-242 

Muscle respiratory, Respiratory mechanics after abdominal 
surgery measured with continuous analysis of pressure, 
flow and volume signals, NImMMo, A. F., et al. 317-326 

—, Role of prostaglandins and nitric oxide on halothane- 
induced arteriolar dilatation in rat diaphragm, DE 
LARMINAT, V., et al, 232-237 

Muscle skeletal, Contractures of malignant hyperthermia 
muscle: where do halothane and caffeine act? SMITH, 
P. D., et al., (ARS) 283-284P 

Muscle skeletal, diaphragm, Comparison of the effects of 
mivacurium on the diaphragm and geniohyoid muscles, 
D'HONNEUR, G., et al. 716-719 

—, Effects of 5-hydroxytryptamine on the partially curarized 
rat phrenic nerve diaphragm preparation, HINDLE, A. T., 
et al., (ARS) 694P 

Muscle skeletal, geniohyoid, Comparison of the effects of 














837 


mivacurium on the diaphragm and geniohyoid muscles, 
D'HONNEUR, G., et al. 716-719 

Muscle skeletal, wasting, Nutrition and immunonutrition, 
O'Leary, M. J., et al. 118-127 

Muscle vascular, responses, Thiobarbiturates suppress 
depolarization-induced contraction of vascular amooth 
muscle without suppression of calcium influx, KITAMURA, 
R., et al. 503-507 


Nausea, postoperative, An explanatory model for 
postoperative vomiting after gynaecological surgery, 
SABRINE, A., et al., (ARS) 693P 

Neonate, Gut mucosal perfusion in neonates undergo 
cardiopulmonary bypass, BOOKER, P. D., er al. 39 207-002 

Nerve, neurotransmitters, Is inhibition of dopamine uptake 
relevant to the hypnotic action of i.v. anaesthetics? KEITA, 
H., et al. 254-256 

Nerve, stimulation, Randomization is important in studies 
with pain outcomes: systematic review of transcutaneous 
electrical nerve stimulation in acute postoperative pain, 
CARROLL, D., et al. 798-803 

Nerve, tissue, S-100 concentrations during hypothermic and 
normothermic cardiopulmonary bypass, HARRIS, D., et al., 
(ARS) 695-696P 

Neuromuscular block, antagonism, Is it always n 
to antagonize residual neuromuscular block? Do children 
differ from adults? HUNTER, J. M., (E) 707-709, 

Neuromuscular block, atracurium, Interactions between 
suxamethonium and mivacurium or atracurium, Kim, 

K. S., et al. 612-616 

—, Is recovery of neuromuscular transmission complete after 
the use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium? 
BAURAIN, M. J., et al. 496-499 

—, Pharmacokinetics of atracurium after paediatric 
orthotopic liver transplantation, Cuow, B. F. M., et al., 
(ARS) 687-688P 

Neuromuscular block, measurement of response, Chronic 
carbamazepine therapy does not influence mivacurium- 
induced neuromuscular block, SPACEX, A., et al. 500-502 

—, Edrophonium and human plasma cholinesterase 
combination for antagonism of mivacurium-induced 
neuromuscular block, NAGUE, M., et al. 424-426 

—, Is recovery of neuromuscular transmission complete after 
the use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium? 
BAURAIN, M. J., et al. 496-499 
—, Onset of neuromuscular block at the larynx using video 
imaging, GIRLING,, K. J., et al., (ARS) 283P 





desflurane and isoflurane anaesthesia, Leyla N., ef al. 
488-491 

Neuromuscular block, mivacurium, Chronic 
carbamazepine therapy does not influence mivacurium- 
induced neuromuscular block, SPACER, A., et al. 500-502 

—, Comparison of the effects of mivacurium on the 
diaphragm and geniohyoid muscles, D'HONNEUR, G., et al. 
716-719 

—, Edrophonium and human plasma cholinesterase 
combination for antagonism of mivacurium-induced 
neuromuscular block, NAGuIB, M., et al. 424—426 

—, Effects of oral antihistamine premedication on 
mivacurium-induced histamine release and side effects, 
DOBNICRE, A., et al. 421-423 

——-, Interactions between suxamethonium and mivacurium or 
atracurium, Kim, K. S., et al. 612-616 

Neuromuscular block, Org 9487, Pharmacodynamics of 
Org 9487: onset and recovery characteristics of single and 
three incremental bolus doses, MILs, K. G., et al., (ARS) 
684-685P 

Neuromuscular block, pancuronium, Is recovery of 
neuromuscular transmission complete after the use of 
neostigmine to antagonize block produced by rocuronium, 
vecuronium, atracurium and pancuronium? BAURAIN, 
M. J., et al. 496-499 

—, Pancuronium increases pulmonary arterial pressure in 
lung injury, Du, H., et al. 526-529 

Neuromuscular block, rocuronium, Dose-response 

relationships for neostigmine antagonism of rocuronium- 

induced neuromuscular block in children and adults, 

ABDULATIF, M., et al. 710-715 

„ Effects of rocuronium and vecuronium on intracranial 
pressure, mean arterial pressure and heart rate in 
neurosurgical patients, SCHRAMM, W. M., et al. 607—611 

—, Influence of induction technique on intubating conditions 

after rocuronium in adults: comparison with rapid- 





Pain, experimental 


sequence induction using thiopentone and suxamethonium, 
SPARR, H. J., et al. 339-342 

—, Intubating conditions and time course of rocuronium- 
induced neuromuscular block in children, FucHs-Buprr, 
T., et al. 335-338 

—, Is recovery of neuromuscular transmission complete after 
the use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium? 
BAURAIN, M. J., et al. 496-499 


` —, Potency and time course of action of rocuronium during 


desflurane and isoflurane anaesthesia, KUMAR, N., et al. 
488-491 

—, Use of rocuronium in a pregnant patient with an open 
eye injury, receiving magnesium medication, for preterm 
labour, GatsEr, R. R., et al. 669-671 

Neuromuscular block, suxamethonium, Influence of 
induction technique on intubating conditions after 
rocuronium in adults: comparison with rapid-sequence 
induction using thiopentone and suxamethonium, SPARR, 
H. J., et al. 339-342 

—, Interactions between suxamethonium and mivacurium or 
atracurium, KM, K. S., et af. 612-616 

~-—, Neuromuscular blocking action of suxamethonium after 
antagonism of vecuronium by edrophonium, 
pyridostigmine or neostigmine, FLEMING, N. W., et al. 
492-495 

Neuromuscular block, vecuronium, Effects of rocuronium 
and vecuronium on intracranial pressure, mean arterial 
pressure and heart rate in neurosurgical patients, 
ScHRAMM, W. M., et al. 607-611 

——,, Interaction of vecuronium with recombinant human m2 
muscarinic receptors, CEMBALA, T. M., et al., (ARS) 
291-292P 

——,, Is recovery of neuromuscular transmission complete after 
the use of neostigmine to antagonize block produced by 
rocuronium, vecuronium, atracurium and pancuronium ? 
BAURAIN, M. J., st al. 496-499 





imaging, GIRLING, K. J., et al., (ARS) 283P 





VANLINTHOUT, L. E. H., et al., (C) 561-562 

—, Volatile anaesthetics and neuromuscular block, WRIGHT, 
P. M. C., (C) 561 

Neuromuscular Transmission. Fundamentals of Anaesthesia and 
Acute Medicine Series, Booij, L. H. D. J., (editor), (R) 565 

Neuropeptides, Effects of post-injury MK-801 on behaviour 
and neuropeptides in the spinal cord dorsal horn of the 
mononeuropathic rat, Hupserru, M. J., er al., (ARS) 
691-692P 

Nutrition, Nutrition and immunonutrition, O’Lgary, M. J., 
et al. 118-127 


Organizations, American Society of Anesthesiologists, 
ASA classification and perioperative variables as predictors 
of postoperative outcome, WOLTERS, U., et al. 217-222 

Oxygen, consumption, Effects of dopamine on oxygen 
consumption and gastric mucosal blood flow during 
cardiopulmonary bypass in humans, KARZAI, W., et al. 
603-606 





coronary artery Pon surgery: the role of Paree 
OUDEMANS-VAN STRAATEN, H. M., et al. 473-479 

Oxygen, gradients, Effect of reduced density gas breathing on 
oxygenation in ventilated anaesthetized patients, DEVINE, 
A., et al., (ARS) 289P 

Oxygen, inspired concentration, Com. of the effects 
of controlled ventilation with 100% oxygen, 50% oxygen 
in nitrogen, and 50% oxygen in nitrous oxide on responses 
to venous air embolism in pigs, KYTTÄ, J., et al. 658-661 

Oxygen, measurement, The Deltatrac metabolic monitor for 
measuring oxygen consumption during orthotopic liver 
transplantation, WALSH, T. S., et al., (ARS) 284-285P 

Oxygen, saturation, Sleep after laparoscopic cholecystectomy, 
ROSENBERG-ADAMSEN, S., et al. 572-575 

Oxygen, uptake, Determinants of splanchnic blood flow, 
TAKALA, J. 50-58 


Pain, Assessment of frequency of audit of pain in day-case 
surgery, NELSON, P. D., et al., (ARS) 690P 

Pain, experimental, Antinociception by intrathecal 
midazolam involves endogenous neurotransmitters acting at 
spinal cord delta opioid receptors, GOODCHILD, C. S., et al. 
758-763 

——., Effect of racemic mixture and the (S+)-isomer of 


Pain, experimental 


ketamine on temporal and spatial summation of pain, 
ARENDT-NIBLSEN, L., et al. 625-631 

——, Effects of local anaesthetics on carrageenan-evoked 
inflammatory nociceptive processing in the rat, BuRITOVA, 
J., et al. 645-652 

—, Psychophysical and electrophysiological responses to 
experimental pain may be influenced by sedation: 
comparison of the effects of a hypnotic (propofol) and an 
analgesic (alfentanil), PETERSEN: PETERSEN se , S., et al, 165-171 

Pain, injection, Alfentanil-mediated analgesia during propofol 
injection: no evidence for a peripheral action, WRENCH, 
I. J., et al. 162-164 

Pain, mechanism, Effect of racemic mixture and the (S+} 
isomer of ketamine on temporal and spatial summation of 
pain, ARENDT-NIELSEN, L., et al. 625-631 

——, Effect of systemic N-methyl-p-aspartate receptor 
antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, ILKJAER, S., et al., (e) 567 

Pain, neuropathic, Effects of post-injury MK-801 on 
behaviour and neuropeptides in the spinal cord dorsal horn 
of the mononeuropathic rat, HUDSPITH, M. J., et al., 
(ARS) 691~692P 

Pain, postoperative, Analgesia: dose-effect or pre-emptive 

effect? MALLICK, A., et al., (C) 297-298 

„ Analgesia: dose-effect or pre-emptive effect? MANSFIELD, 
M. D., et al., (C) 298 

—~—, Effect of combining tramadol with piroxicam for analgesia 
after total hip replacement, ECKERSALL, S., et al., (ARS) 
692P 

——, Effect of systemic N-methyl-p-aspartate receptor 
antagonist (ketamine) on primary and secondary 
hyperalgesia in humans, ILKJAER, S., et al., (e) 567 

—~—, Evaluation of the usefulness of intrathecal bupivacaine 
infusion for analgesia after hip and knee arthroplasty, 
NEMI, L., et al. 544-545 

——, Morphine consumption in patients receiving rectal 
paracetamol and diclofenac alone and in combination, 
MONTGOMERY, J. E., et al. 445-447 

——, Pre-emptive analgesia with NSAID—what does it 
achieve? HUDSPITH, M. J., et al., (C) 128-129 

——, Pre-emptive analgesia with NSAID—what does it 
achieve? Morrison, L. M. M., et al., (C) 129 

, Randomization is important in studies with pain 
outcomes: systematic review of transcutaneous electrical 
nerve stimulation in acute postoperative pain, CARROLL, 
D., et al. 798-803 

——, Surgical pain is followed not only by spinal sensitization 
but also by supraspinal antinociception, WILDER-SMITH, 
O. H. G., et al., (e) 566-567 

Pain, threshold, Surgical pain is followed not only by spinal 
sensitization but also by supraspinal antinociception, 
WILDER-SMITH, O. H. G., et al., (e) 566-567 

Perioperative Management for House Surgeons, HAMBLY, P. R., 
et al., (R) 813 

Peripheral Nerve Blockade, PINNOCK, C. A., st al., (R) 702 

Pharmacodynamics, Cardiopulmonary bypass-induced 
changes in plasma concemtratio ropofol and in 
auditory evoked potentials, HAMMARIN, E., et al. 360-364 

——, Pharmacodynamics of Org 9487: onset and recovery 
characteristics of single and three incremental bolus doses, 
Miis, K. G., et al., (ARS) 684-685P 

Pharmacokinetics, atracurium, Pharmacokinetics of 
atracurium after paediatric orthotopic liver transplantation, 
Cuow, B. F. M., et al., (ARS) 687-688P 

Pharmacokinetics, bupivacaine, Myocardial extraction of 
bupivacaine in anaesthetized sheep and by hearts of sheep 
and rats in vitro, FOTS, H., et al. 257-264 

Pharmacokinetics, fentanyl, Perioperative pharmacokinetics 
of transdermal fentanyl in young and elderly patients, 
THOMPSON, J. P., et al., (ARS) 290-291 P 

Pharmacokinetics, ketamine, Effect of racemic mixture and 
the (S+)-isomer of ketamine on temporal and spatial 
summation of pain, ARENDT-NIELSEN, L., et al. 625-631 

——, Ketamine and norketamine plasma concentrations after 
i.v., nasal and rectal administration in children, 
MaAtinovsky, J.-M., et al. 203-207 

Pharmacokinetics, models, A model of the first pass passage 
of drugs from i.v. injection site to the heart—parameter 
estimates for lignocaine in the sheep, UPTON, R. N. 
764-772 

Pharmacokinetics, stereoisomers, Effect of racemic mixture 
and the (S +)-isomer of ketamine on temporal and spatial 
summation of pain, ARENDT-NIELSEN, L., et al. 625-631 

Pharmacokinetics, tenoxicam, Pharmacokinetics of 
tenoxicam administered by i.v. or i.v. regional routes, 
STEWART, P., et al., (ARS) 287P 

Pharmacology, adenosine, Atrioventricular conduction 
during adenosine-induced hypotension in dogs 
anaesthetized with sevoflurane, ISHII, R., et al. 393-398 








838 


Pharmacology, clonidine, Extradural clonidine combined 
with sufantanil and 0.0625 % bupivacaine for analgesia in 
labour, CHASSARD, D., et al. 458-462 

Pharmacology, dopamine, Effects of dopamine on oxygen 
consumption and gastric mucosal blood flow during 
cardiopulmonary bypass in humans, KARZAI, W., et al. 
603-606 

—, Lack of specific renal haemodynamic effects of different 
doses of dopamine after infrarenal aortic surgery, GIRBES, 
A. R. J., et al. 753-757 

Pharmacology, dose-response, Dose-response relationships 
for neostigmine antagonism of rocuronium-induced 
neuromuscular block in children and adults, ABDULATIF, 
M., et al. 710-715 

Pharmacology, forskolin, Effect of theophylline and 
forskolin on human respiratory cilia beat frequency in 
vitro, ALEXANDER-WILLIAMS, M., et al., (ARS) 685P 

Pharmacology, ketamine, Ketamine: its mechanism(s) of 
action and unusual clinical uses, HIROTA, K., et al., (E) 
441-444 

Pharmacology, ketanserin, Endotoxaemia and postoperative 
hypermetabolism in coronary artery bypass surgery: the 
role of ketanserin, OUDEMANS-VAN STRAATEN, H. M., et al. 
473-479 

Pharmacology, nitric oxide, Combination of inhaled nitric 
oxide with i.v. nitroglycerin or with a prostacyclin 
analogue in the treatment of experimental pulmonary 
hypertension, VAN OBBERGH, L. J., et al. 227-231 

—, Inhalation of a nitric oxide synthase inhibitor to a 
hypoxic or collapsed lung lobe in anaesthetized pigs: 
effects on pulmonary blood flow distribution, FREDEN, F., 
et al. 413-418 

, Ketamine inhibits nitric oxide production in mouse- 

activated macrophage-like cells, SHIMAOKA, M., et al. 
238-242 

—, New approaches to acute lung injury, BIGATELLO, L. M., 
et al. 99-109 

—, Role of prostaglandins and nitric oxide on halothane- 
induced arteriolar dilatation in rat diaphragm, DE 
LARMINAT, V., et al. 232-237 

Pharmacology, nitroglycerin, Combination of inhaled nitric 
oxide with i.v. nitroglycerin or with a prostacyclin 
analogue in the treatment of experimental pulm 
hypertension, VAN OBBERGH, L. J., et al. 227-231 

Pharmacology, sodium bicarbonate, Normovolaemic 
haemodilution attenuates cardiac depression induced by 
sodium bicarbonate in canine metabolic acidosis, TANARA, 
M., et al. 408-412 

Pharmacology, synergism, Synergistic interactions between 
midazolam and alfentanil in isolated neonatal rat spinal 
cord, FENG, J., et al. 375-380 

Pharmacology, theophylline, Effect of theophylline and 
forskolin on human aa cilia beat ency in 
vitro, ALEXANDER-WILLIAMS, M., et al., (ARS) 685P 

Pig, Calcium homeostasis during i. v. * infusion of 1.5% glycine 
in anaesthetized pigs, CHASSARD, D., et al. 271-273 
——, Combination of inhaled nitric oxide with i.v. 
nitroglycerin or with a prostacyclin analogue in the 
treatment of experimental pulmonary hypertension, VAN 
OxBBERGH, L. J., et al. 227-231 
—, Comparison of the effects of controlled ventilation with 
100% oxygen, 50% oxygen in nitrogen, and 50% oxygen 
in nitrous oxide on responses to venous air embolism in 
pigs, KYTTĀ, J., et al. 658-661 

—, Effect of halothane, isoflurane and desflurane on lower 
oesophageal sphincter tone, CHASSARD, D., et al. 781-783 

—, Efficacy of intraoperative heat administration by 
ventilation with warm humidified gases and an oesophageal 
warming system, BECK, E., et al. 530-533 

—, Inhalation of a nitric oxide synthase inhibitor to a 
hypoxic or collapsed lung lobe in anaesthetized pigs: 
effects on pulmonary blood flow distribution, FREDEN, F., 
et al. 413-418 

Polypeptides, cytokines, Cytokine balance and 
immunosuppressive changes at cardiac surgery, MCBRIDE, 
W.T., et al., (C) 129-130 

—, Cytokine balance and immunosuppressive changes at 
cardiac surgery, SHEERAN, P., et al., (C) 129 

—, Does anaesthesia have long-term consequences? 
Masterson, G. R., et al., (E) 569-571 

—, Influence of different volume therapy regimens on 
regulators of the circulation in the critically ill, BOLDT, J., 
et al. 480—487 

—, Ketamine inhibits nitric oxide production in mouse- 
activated macrophage-like cells, SHIMAOKA, M., et al. 
238-242 

—, Sepsis and cytokines: current status, BLACKWELL, T. S., 

. 110-117 





839 


— au immuno-inflammatory cascade, GALLEY, H. F., et al. 

Position, effects, Bilateral compartment syndrome 
complicating prolonged lithotomy position, TUCKEY, J. 
546-549 

——, Haemodynamic and neuroendocrine responses after 
pneumoperitoneum during cholecystectomy, LENTSCHENER, 
C., et al., (C) 810 

Position, lithotomy, Bilateral compartment syndrome 
complicating prolonged lithotomy position, TUCKEY, J. 
546-549 

Potency, anaesthetic, Nitrous oxide produces a non-linear 
reduction in thiopentone requirements, KATOH, T., et al. 
265-267 

Potency, anaesthetic, ED., Interactions between 
suxamethonium and mivacurium or atracurium, Kim, 
K. S., et al. 612-616 

—,, Potency and time course of action of rocuronium during 
desflurane and isoflurane anaesthesia, KUMAR, N., et al. 
488-491 

Pregnancy, Acid—base state of cerebrospinal fluid during 
pregnancy and its effect on spread of spinal anaesthesia, 
HIRABAYASHI, Y., et al. 352-355 

—, Ambulatory extradural analgesia in labour reduces risk of 
Caesarean section, May, A. E., et al., (ARS) 692-693P 

~—, Soft tissue anatomy within the vertebral canal in pregnant 

women, HIRABAYASHI, Y., et al. 153-156 

» Unrecognized “crack” cocaine abuse in pregnancy, 

CAMPBELL, D., et al. 553-555 

Premedication, dimethindene, Effects of oral antihistamine 
premedication on mivacurium-induced histamine release 
and side effects, DoENICKE, A., et al. 421-423 

Premedication, ketamine, Ketamine and norketamine 
plasma concentrations after i.v., nasal and rectal 
administration in children, MALINOVSKY, J.-M., et al. 
203-207 

Premedication, ondansetron, An explanatory model for 
postoperative vomiting after gynaecological surgery, 
SABRINE, A., et al., (ARS) 693P 

Premedication, ranitidine, Effects of oral antihistamine 
premedication on mivacurium-induced histamine release 
and side effects, DOENICKE, A., et al. 421—423 

Protein, a,-acid glycoprotein, Perioperative changes in a,-acid 
glycoprotein concentrations, TUCKER, G. T., (C) 130 

Protein, S-100, S-100 concentrations during hypothermic and 
normothermic cardiopulmonary bypass, Harris, D., et al., 
(ARS) 695-696P 





Rat, Adequate general anaesthesie—what are we trying to 
achieve? MUNGLANT, R., et al., (C) 300-301 

——, Adequate general anaesthesia—what are we trying to 
achieve? O’CoNNoR, T. C., et al., (C) 299-300 

—, Antinociception by intrathecal midazolam involves 
endogenous neurotransmitters acting at spinal cord delta 
opioid receptors, GOODCHILD, C. S., et al. 758-763 

—, Differential effects of ketamine and pentobarbitone on 
acetylcholine release from the rat hippocampus and 
striatum, SATO, K., et al. 381-384 

——, Effect of etomidate on the mass response of cells of 
cortical lamina V evoked by antidromic activation in the 
urethane-anaesthetized rat, ARNOTT, R. H., et al., (ARS) 
282P AT 

—, Effects of 5-hydroxytryptamine on the partially curarized 
rat phrenic nerve diaphragm preparation, HINDLE, A. T., 
et al., (ARS) 694P 

, Effects of local anaesthetics on carrageenan-evoked 

inflammatory nociceptive processing in the rat, BURITOVA, 
J., et al. 645-652 

——, Effects of post-injury MK~-801 on behaviour and 
neuropeptides in the spinal cord dorsal horn of the 
mononeuropathic rat, Hupsprru, M. J., et al., (ARS) 
691-692P 

—, Is glutamate release from rat cerebrocortical slices opioid 
receptor subtype selective? NICOL, B., et al., (ARS) 282P 

—, Myocardial extraction of bupivacaine in anaesthetized 
sheep and by hearts of sheep and rats in vitro, FOTH, H., 
et al. 257-264 

, Potentiation of local lignocaine-induced sensory block by 

calcium channel blockers in rats, IWASAKI, H., et al. 

243-247 

—, Propofol protects rat hepatocytes against an oxidant 

stress, NAVAPURKAR, V. U., et al., (ARS) 691P 

——-, Role of prostaglandins and nitric oxide on halothane- 
induced arteriolar dilatation in rat diaphragm, DE 
LARMINAT, V., et al. 232-237 

—, Synergistic interactions between midazolam and alfentanil 
in isolated neonatal rat spinal cord, FENG, J., et al. 375-380 








Surgery, cardiovascular 


—, Visual evoked potentials and nitrous oxide-induced 
neuronal depression: role for benzodiazepine receptors, 
Dzoryjic, M., et al. 522-525 

Recent Advances in Anaesthesia and Analgesia ~ 19, ADAMS, 

A. P., et al., (editors), (R) 303 

Receptors, amino acid, Modulation of recombinant 

invertebrate GABA, receptors by isoflurane: effects of a 

point mutation in the M2 domain, Epwarps, M. D., et al., 

(ARS) 281P 

» Visual evoked potentials and nitrous oxide-induced 

neuronal depression: role for benzodiazepine receptors, 
Dzoxyic, M., et al. 522-525 

Receptors, cholinergic, Interaction of vecuronium with 
recombinant human m2 muscarinic receptors, CEMBALA, 
T. M., et al., (ARS) 291-292P 

Receptors, opioid, Alfentanil-mediated analgesia during 
propofol injection: no evidence for a peripheral action, 
WRENCH, I. J., et al. 162-164 

—, Antinociception by intrathecal midazolam involves 
endogenous neurotransmitters acting at spinal cord delta 
opioid receptors, GOODCHILD, C. S., et al. 758-763 

Recovery, postoperative, ASA classification and 
perioperative variables as predictors of postoperative 
outcome, WOLTERS, U., et al, 217-222 

—, Gasless laparoscopic cholecystectomy: comparison of 
postoperative recovery with conventional technique, 
KOIVUSALO, A.-M., et al. 576-580 

Reflexes, baroreceptor, Effects of fentanyl, nitrous oxide, or 
both, on baro tor reflex regulation in the cat, 
LENNANDER, O., et al. 399-403 

Regional Anesthesia: An Illustrated Procedural Guide, 2nd Edn., 
Mutroy, M. F., (editor), (R) 303 

Regional Anesthesisa and Analgesia, BRown, D. L., (editor), (R) 
812 

Risk, Determinants of duration of ICU stay after coronary 
artery bypass graft surgery, MICHALOPOULOS, A., et al. 
208-212 





Sedation, patient-controlled, Comparison of patient- 
controlled sedation with either methohexitone or propofol, 
Hamp, S. K., et al. 727-730 

—, Patient-controlled sedation for cataract surgery using 
peribulbar block, Pac-Soo, C. K., et al. 370-374 

Serotonin, 5-hydroxytryptamine, Effects of 5- 
hydroxytryptamine on the partially curarized rat phrenic 
nerve diaphragm preparation, HINDLE, A. T., et al., (ARS) 
6 

Sheep, A model of the first pass passage of drugs from i.v. 

injection site to the heart—parameter estimates for 

lignocaine in the sheep, UPTON, R. N. 764-772 

„ Myocardial extraction of bupivacaine in angesthetized 

sheep and by hearts of sheep and rats in vitro, FOTH, H., 
et al. 257-264 

Sleep, Sleep after laparoscopic cholecystectomy, ROSENBERG- 
ADAMSEN, S., et al. 572-575 

Spinal cord, Effects of local anaesthetics on carrageenan- 
evoked inflammatory nociceptive processing in the rat, 
BuriTova, J., et al. 645-652 

—, Synergistic interactions between midazolam and alfentanil 
in isolated neonatal rat spinal cord, FENG, J., et al. 375-380 

Spinal cord, extradural space, Distinguishing cerebrospinal 
fluid from saline used to identify the extradural space, EL- 
Beuesy, B. A. Z., et al. 784-785 

Statistics, Use of the Bland and Altman statistical method in 
the anaesthesia literature, MALAGON, I., et al., (ARS) 285P 

Statistics, cusum, Cusum: a statistical method to evaluate 
competence in practical procedures, HAMMOND, E. J., 
et al., (C) 562 

—, Cusum: a statistical method to evaluate competence in 
practical procedures, KESTIN, I. G., (C) 562 

Structure, molecular, Molecular mechanisms of drug 
metabolism in the critically ill, PARK, G. R. 32-49 

Surgery, abdominal, Respiratory mechanics after abdominal 
surgery measured with continuous analysis of pressure, 
flow and volume signals, NIMMO, A. F., et al. 317-326 

Surgery, cardiovascular, Carciopulimonary LL ceca 

changes in plasma concentrations of propofol and in 

auditory evoked potentials, HAMMARIN, E., et al. 360-364 

, Convective warming after CABG, Dgaxi, C. D., (C) 

298-299 

» Convective warming after CABG, PONTE, J., et al., (C) 

299 

, Cytokine balance and immunosuppressive changes at 

cardiac surgery, MCBRIDE, W. T., et al., (C) 129-130 

. Cytokine balance and immunosuppressive changes at 

cardiac surgery, SHEERAN, P., et al., (C) 129 

, Determinants of duration of ICU stay after coronary 




















Surgery, cardiovascular 


artery bypass graft surgery, MICHALOPOULOS, A., et al. 

208-212 

, Effect of hypothermia on rectal mucosal perfusion in 

infants undergoing cardiopulmonary bypass, BOOKER, 

P. D., et al. 591-596 

—, Effects of dopamine on oxygen consumption and gastric 
mucosal blood flow during cardiopulmonary bypass in 
humans, Karzal, W., et al. 603-606 

—, Endotoxaemia and postoperative hypermetabolism in 

coronary artery bypass surgery: the role of ketanserin, 

OUDEMANS-VAN STRAATEN, H. M., et al. 473-479 

Evaluation of two warming systems after 

cardiopulmonary bypass, JANKE, E. L., et al. 268-270 

——, Gut mucosal perfusion in neonates undergoing 
cardiopulmonary bypass, BOOKER, P. D., et al. 597-602 

—, Nausea and vomiting after cardiac surgery, GREBENIK, 
C. R., et al. 356-359 

—, Severe systemic cholesterol embolization after open heart 
surgery, Prriou, V., et al. 277-280 

Surgery, day-case, Assessment of frequency of audit of pain 
in day-case surgery, NELSON, P. D., et al., (ARS) 690P 

Surgery, dental, The reinforced laryn mask airway for 
dento-alveolar surgery, QUINN, A. C., et al. 185-188 

Surgery, gastrointestinal, Postoperative pulmonary function 
after laparoscopic and open cholecystectomy, 
KARAYIANNAKIS, A. J., et al. 448-452 

Surgery, gynaecological, Analgesia: dose-effect or pre- 
emptive effect? MALLICK, A., et al., (C) 297-298 

—, Analgesia: dose-effect or pre-emptive effect? MANSFIELD, 

M.D., et al., (C) 298 

» Complications of hysteroscopic treatments of 
menorrhagia, WILLIAMSON, K. M., et al., (E) 305-308 

—, Pre-emptive analgesia with NSATD—what does it 
achieve? Hupsprru, M. J., et al., (C) 128-129 

—, Pre-emptive analgesia with NSAID—what does it 
achieve? Morrison, L. M. M., et al., (C) 129 

Surgery, hepatic, Orthotopic liver transplantation in two 
patients with hypertrophic obstructive cardiomyopathy, 
Haruey, I. D., et al. 675-677 | 

—, The Deltatrac metabolic monitor for measuring oxygen 
consumption during orthotopic liver transplantation, 
WALSH, T. S., et al., (ARS) 284-285P 

Surgery, hormonal response, Haemodynamic and 
neuroendocrine responses after pneumoperitoneum during 
cholecystectomy, LENTSCHENER, C., et al., (C) 810 

Surgery, laparoscopy, Gasless laparoscopic cholecystectomy: 
comparison of postoperative recovery with conventional 
technique, Korvusa.o, A.-M., et al. 576-580 

—, Haemodynamic and neuroendocrine responses after 
pneumoperitoneum during cholecystectomy, LENTSCHENER, 

C., et al., (C) 810 

» Postoperative pulmonary function after laparoscopic and 

open cholecystectomy, KARAYIANNARIS, A. J., et al. 

448-452 














—, Sleep after laparoscopic cholecystectomy, ROSENBERG- 
ADAMSEN, S., et al. 572-575 

—, Tolerance of laparoscopy for resection of 
phaeochromocytoma, Mann, C., et al. 795~797 

Surgery, neurological, Effects of rocuronium and 
vecuronium on intracranial pressure, mean arterial pressure 
and heart rate in neurosurgical patients, SCHRAMM, W. M., 
et al. 607-611 

Surgery, ophthalmological, Hyaluronidase and peribulbar 
block, Dampsgy, G. A., et al., (ARS) 284P 

—, Patient-controlled sedation for cataract surgery using 
peribulbar block, Pac-Soo, C. K., et al. 370-374 

Surgery, oral, Comparison of patient-controlled sedation with 
either methohexitone or propofol, HAM, S. K., et al. 
727-730 

Surgery, orthopaedic, Effect of combining tramadol with 
piroxicam for analgesia after total hip replacement, 
ECKERSALL, S., et al., (ARS) 692P 

© —, Evaluation of the usefulness of intrathecal bupivacaine 
infusion for analgesia after hip and knee arthroplasty, 
Niemi, L., et al. 544-545 

——, Use of a pneumatic tourniquet induces changes in central 
temperature, ESTEBE, J.-P., et al. 786-788 

Surgery, postoperative period, Influence of motivation of 
care providers on the incidence of postoperative 
hypoxaemia in the recovery room, RHEINECK-LEYSSIUS, 
A. T., et al. 453-457 

Surgery, thyroidectomy, Antiemetic effect of subhypnotic 
doses of propofol after thyroidectomy, EWALENKO, P., et al. 
463-467 

Surgery, transplantation, The Deltatrac metabolic monitor 
for measuring oxygen consumption during orthotopic liver 
transplantation, WALSH, T. S., ez al., (ARS) 284-285P 

Surgery, urological, Calcium homeostasis during i.v. infusion 


840 


of 1.5% glycine in anaesthetized pigs, CHASSARD, D., et al. 

271-273 

, Comparison of caudal bupivacaine and diamorphine with 

caudal bupivacaine alone for repair of hypospadias, 

KELLEHER, A. A., et al. 586-590 

» Glycine absorption and hypocalcaemia, CHASSARD, D., 

et al., (C) 811 

, Glycine absorption and hypocalcaemia, Haun, R. G., (C) 
810-811 

Surgery, vascular, A complication of intra-arterial shunting 
during carotid endarterectomy, DYER, M. W., et al., (C) 
699 

——, Aortic stent surgery, BARANOWSKI, A. P., et al., (C) 699 

——, Aortic stent surgery, WILDSMITH, J. A. W., et al., (C) 699 

——, Haemodynamic and metabolic response to endovascular 
repair of infra-renal aortic aneurysms, BAXENDALE, B. R., 
et al. 581-585 

——, Lack of specific renal haemodynamic effects of different 
doses of dopamine after infrarenal aortic surgery, GIRBES, 
A. R. J., et al. 753-757 

Sympathetic nervous system, adrenergic agonists, 
Beneficial effects of dexmedetomidine on ischaemic 
myocardium of anaesthetized dogs, ROEKAERTS, P. M. H. J., 
et al. 427-429 

» Effects of alpha,-adrenoceptor agonists on gastric 

emptying and gastrointestinal transit in the rat, Asal, T., 

et al., (ARS) 686P 

Sympathetic nervous system, catecholamines, Influence 
of different volume therapy regimens on regulators of the 
circulation in the critically ill, BOLDT, J., et al. 480-487 

Sympathetic nervous system, dexmedetomidine, 
Beneficial effects of dexmedetomidine on ischaemic 
myocardium of anaesthetized dogs, ROEKAERTS, P. M. H. J., 
et al. 427—429 

Sympathetic nervous system, metaraminol, Hypotension 
during subarachnoid anaesthesia, CRITCHLEY, L. A. H., 
et al., (C) 808-809 

» Hypotension during subarachnoid anaesthesia, WATTERS, 

M., (C) 808 

















Teetotal, Tea-rotal, MANNERS, J. M., (C) 297 

Temperature, body, Convective warming after CABG, 
Dear, C. D., (C) 298-299 

—, Convective warming after CABG, PONTE, J., et al., (C) 
299 

—, Efficacy of intraoperative heat administration by 
ventilation with warm humidified gases and an oesophageal 
warming system, BECK, E., et al. 530-533 

Temperature, effects, Efficacy of intraoperative heat 
administration by ventilation with warm humidified gases 
and an oesophageal warming system, BECK, E., et al. 
530-533 

Temperature, monitoring, Convective warming after 
CABG, DEAKIN, C. D., (C) 298-299 

——, Convective warming after CABG, PONTE, J., et al., (C) 
299 

——, Efficacy of intraoperative heat administration by 
ventilation with warm humidified gases and an oesophageal 
warming system, BECK, E., et al. 530-533 

———, Evaluation of two warming systems after 
cardiopulmonary bypass, JANKE, E. L., et al. 268-270 

——, Use of a pneumatic tourniquet induces changes in central 
temperature, ESTEBE, J.-P., et al. 786-788 

The Anaesthesia Viva : vol. 1, URQUHART, J., et al., (R) 813 

The Cambridge Dictionary of Statistics in the Medical Sciences, 
EveRrrrTT, B. S., (R) 133-134 

The Massachusetts General Hospital Hand Book of Pain 
Management, BORSOOK, D., et al., (editors), (R) 134 

The Pocket Companion to the Textbook of Critical Care 
Medicine, SHOEMAKER, W. C., et al., (R) 812 

Total Burn Care, HERNDON, D. N., (editor), (R) 135 

Toxicity, hepatic, Effect of sevoflurane anaesthesia on plasma 
concentrations of glutathione S-transferase, RAY, D. C., 
et al. 404—407 


Uterus, activity, Normal saline i.v. fluid load decreases 
uterine activity in active labour, CHEER, T. G., et al. 
632-635 


Ventilation, apnoea, Ventilatory effects of eltanolone during 
induction of anaesthesia: comparison with propofol and 
thiopentone, SPENS, H. J., et al. 194-199 

Ventilation, artificial, Local anaesthesia to the airway 
reduces sedation requirements in patients undergoing 
artificial ventilation, MALLICK, A., et al. 731-734 


841 


Ventilation, effects, Ventilatory effects of eltanolone during 
induction of anaesthesia: comparison with propofol and 
thiopentone, SPENS, H. J., et al. 194-199 

Ventilation, hypoventilation, Permissive hypercapnia and 
gas exchange in lungs with high Qs/Qt: a mathematical 
model, Joycs, C. J., et al. 678-683 

Ventilation, mechanical, Comparison of the effects of 
controlled ventilation with 100% oxygen, 50% oxygen in 
nitrogen, and 50% oxygen in nitrous oxide on responses to 
venous air embolism in pigs, KYTTĀ, J., et al. 658-661 
, Fuzzy logic control of mechanical ventilation during 
anaesthesia, SCHAUBLIN, J., et al. 636-641 

——, Volumetric analysis of aeration in the lungs during 

anaesthesia, DRUMMOND, G. B., (C) 697—698 
—, Volumetric analysis of aeration in the lungs 
general anaesthesia, REBER, A., et al., (C) 698 

Ventilation, mechanics, Propofol or halothane anaesthesia for 
children with asthma: effects on respiratory mechanics, 
HABRE, W., et al. 739-743 

Ventilation, one-lung, Inhalation of a nitric oxide synthase 
inhibitor to a hypoxic or collapsed lung lobe in 
anaesthetized pigs: effects on pulmonary blood flow 
distribution, FREDEN, F., et al. 413-418 


Vomiting, nausea, surgical factors 


Ventilation, postoperative, Thoracic impedance used for 
measuring chest wail movement in postoperative patients, 
DRUMMOND, G. B., et al. 327-332 

Ventilation, rib cage, Thoracic impedance used for 
measuring chest wall movement in postoperative patients, 
DRUMMOND, G. B., et al. 327-332 

Vomiting, An explanatory model for postoperative vomiting 
after gynaecological surgery, SABRINE, À., et al., (ARS) 
693P 

Vomiting, incidence, Nausea and vomiting after cardiac 
surgery, GREBENIK, C. R., et al. 356-359 

Vomiting, nausea, Antiemetic effect of subhypnotic doses of 
propofol after thyroidectomy, EWALENKO, P., et al. 
463-467 

——,, Nausea and vomiting after cardiac surgery, GREBENIK, 
C. R., et al. 356-359 

Vomiting, nausea, anaesthetic factors, Antiemetic effect of 
Hosa esata doses of propofol after thyroidectomy, 
EWALENKO, P., et al. 463—467 

Vomiting, nausea, surgical factors, Nausea and vomiting 

after cardiac surgery, GREBENIK, C. R., et al. 356-359 


